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Note: Unless indicated otherwise, all information related to the Model AOS-100A is also applicable
to the Model AOS-1OOA -S.

10 CFR 71 [4.1] requires that packaging in which large quantities of radioactive materials are shipped
must maintain containment of radioactive contents, under Normal and Hypothetical Accident conditions of
transport. This chapter discusses the AOS Radioactive Material Transport Packaging System's
containment boundary and capabilities.

The Transport Packaging System is designed to meet the "leaktight" criteria provided in Reference [4.4],
for the transportation of activated material in Normal and Special forms.

Table 4-1 through Table 4-3 provide general information of the AOS Transport Packaging System related
to their dimensions; the maximum content allowed; and their components' materials of construction,
respectively.

Table 4-1. AOS Transport Packaging System Dimensions and Cg Location - All Models

Dimensions
0 (cm / in.)

o• Packaging
S Packaging Cask Cavity Packagingon

Weight Cg Locationb
Model OD Height OD Height 6D Height (kg I lbs.) X Y Z

28.96 39.62 17.78 22.86 4.14 12.70 71.4 19.05 19.05 26.34
AOS-025A III

11.40 15.60 7.00 9.00 1.63 5.00 157 7.50 7.51 10.37

57.96 79.25 35.56 45.72 8.26 25.40 511 41.91 41.91 46.28
AOS-050A III

22.82 31.20 14.00 18.00 3.25 10.00 1,126 16.50 16.50 18.22

115.93 158.50 71.12 91.44 16.51 50.80 3,950 91.44 89.15 80.03AOS-1OOA II
45.64 62.40 28.00 36.00 6.50 20.00 8,700 36.00 35.10 31.51

115.93 158.50 71.12 91.44 16.51 50.80 3,232 91.44 89.15 80.03
AOS-100B III

45.64 62.40 28.00 36.00 6.50 20.00 7,125 36.00 35.10 31.51

115.93 158.50 71.12 91.44 16.51 50.80 3,901 91.44 89.15 80.03
AOS-100A-S II

45.64 62.40 28.00 36.00 6.50 20.00 8,600 36.00 35.10 31.51

191.26 264.16 117.35 150.88 27.23 83.82 18,234 152.40 121.41 121.92AOS- 165A I
75.30 104.00 46.20 59.40 10.72 33.00 40,200 60.00 47.80 48.00

191.26 264.16 117.35 150.88 27.23 83.82 15,535 152.40 121.41 121.92
AOS- 165B 475.30 104.00 46.20 59.40 10.72 33.00 34,250 60.00 47.80 48.00

a. AIIAOS Transport Packaging System models have dimensions greater than 10 cm (4 in,).

b. Refer to Figure 2-13, "Center of Gravity- ModelAOS-100."
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Table 4-2. Activity Limits - All Models

Model

AOS-025 AOS-050 AOS-100 AOS-1 65

A (1OW) A (100W) A, A-S (400W) B (400W) A (7 kW) B (2.5 kW)

Isotopea Ci/Wattb TBq Ci TBq Ci TBq Ci TBq Ci TBq Ci. TBq,' Ci

Co-60 6.49E+01 8.73E-03 2.36E-01 1.05E-01 2.84E+00 7.47E+02 2.02E+04 5.99E+00 1.62E+02 1.68E+04 4.54E+05 6.01E+03 1.62E+05

Cs-137 1.99E+02 1.28E+00 3.45E+01 1.28E+01 3.46E+02 2.94E+03 7.95E+04 1.84E+01 4.97E+02 5.16E+04 1.39E+06 1.84E+04 4.98E+05

Hf-181 2.28E+02 - 6.25E+01 1.69E+03 3.38E+03 9.13E+04 9.25E+01 2.50E+03 5.91E+04 1.60E+06 2.11E+04 5.70E+05

Ir-192 1.63E+02 5.48E+00 1.48E+02 3.63E+01 9.81E+02 2.41E+03 6.53E+04 5.77E+01 1.56E+03 4.23E+04 1.14E+06 1.51E+04 4.08E+05

Zr/Nb-95 6.02E+01 - 2.09E+00 5.66E+01 8.92E+02 2.41E+04 3.74E+00 1.01E+02 1.56E+04 4.21E+05 5.57E+03 1.51E+05

C-14 3.41E+03 1.26E+03 3.41E+04 1.26E+04 3.41E+05 ....

Fe-59 1.29E+02 2.16E-02 5.85E-01 2.02E-01 5.46E+00 ....

Ho-166 2.33E+02 1.01E+00 2.74E+01 3.89E-01 1.05E+01 ....

Na-24 3.61E+01 2.58E-03 6.97E-02 1.55E-02 4.19E-01 ....

P-32 2.43E+02 8.98E+01 2.43E+03 8.98E+02 2.43E+04 ....

P-33 2.20E+03 8.15E+02 2.20E+04 8.15E+03 2.20E+05 ....

Sb-124 7.52E+01 1.16E-02 3.13E-01 1.62E-02 4.38E-01 ....

Sc-46 7.94E+01 2.05E-02 5.55E-01 1.05E-01 2.84E+00 ....

Se-75 4.15E+02 1.54E+02 4.15E+03 1.05E+02 2.84E+03 ....

Sm-153 5.15E+02 1.91E+02 5.15E+03 8.73E+02 2.36E+04 ....

Sr/Y-90 1.49E+02 5.52E+01 1.49E+03 5.52E+02 1.49E+04 ...

Sr-89 2.89E+02 1.07E+02 2.89E+03 1.07E+03 2.89E+04 ....

Yb-169 3.98E+02 1.47E+02 3.98E+03 2.10E+02 5.67E+03 ....

Yb-175 1.OOE+03 3.70E+02 1.OOE+04 2.67E+03 7.21E+04 ....

Use of Axial Use of Axial
Shielding Plates Shielding Plates

Shipping Use of Liner No additional 183C8491 may 183C8491 may No additional Use of Liner
Configuration 183C8485 is required shielding is required be needed for be needed for shielding is required. 183C8499 is required

large-quantity large-quantity
shipments of Co-60 shipments of Co-60

a. Encapsulated solid material or solid metal that meets Normal or Special form criteria.

b. For detailed calculations of these values, refer to Chapter 5, Appendix 5.5. 1, 'AOS Cask Isotopic Heat Load for Numerous Isotopes Report."
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Table 4-3. Material Selection of Major Transport Packaging System Components (Typical)

Reference
Component Material Selection 1 st Alternate Material 2 nd Alternate Material Drawinga Item No.

Cask

Outer Shell ASME SA-451/ASTM A451,
GRADE CPF 8

ASME SA-351/ASTM A351,
GRADE CF 8

ASME SA-182/ASTM A182
GRADE F304 or F316

ASME SA-182/ASTM A182 ASME SA-351/ASTM A351, ASME SA-451/ASTM A451,Cavity Shell GRADE F304 or F316 GRADE CF 8 GRADE CPF 8

ASME SA-240/ASTM A240 ASME SA-182/ASTM A182
TYPE 304 or 316 GRADE F304 or F316

TUNGSTEN MIL/AMS -T-21014 CARBON STEEL FORGINGCLASS 3 PER ASME SA-105

ASME SA-240/ASTM A240 ASME SA-182/ASTM A182Lid Plug TYPE 304 or 316 GRADE F304 or F316

ASME SA-240/ASTM A240 ASME SA-182/ASTM A182
TYPE 304 or 316 GRADE F304 or F316

ASME SA-479/ASTM A479Trunnion TP 1
TYPE 316

ASME SA-240/ASTM A240 ASME SA-182/ASTM A182
TYPE 304 or 316 GRADE F304 or F316

Lid Attachment ASME SB-637 UNS N07750
Bolts TYPE 3

105E9712G001

Port Plug
ASME SA-182/ASTM A182
GRADE F304 or F316

ASME SA-479/ASTM A479
TYPE 316

ASME SA-240/ASTM A240
TYPE 304 or 316

1 -11

105E9713

12Foam POLYURETHANE FOAM
GP 3700 SERIES

a. The Model AOS- 1OOA drawings are used for this tabulation.
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4.1 CONTAINMENT SYSTEM DESCRIPTION

4.1.1 Containment Boundary

The transport package containment boundary (located within the cask component of the transport
package) is composed of the following:

" Cask inside cylinder or cavity shell
" Two port plugs

" Seal components of the AOS Transport Packaging System cask

The boundary loops along the cask cavity shell walls and port plug walls, across the port opening, between
its pipe plug and plug block, through the lid material and across the lid seal joint between each of the seal
cross-sections. The dashed lines in Figure 4-1 illustrate the containment boundary (located within the cask
component of the transport package).
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Figure 4-1. Containment Boundary
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To protect the containment boundary and the lid during Hypothetical Accident conditions of transport, the
lid is reseated within the wall of the outside cylinder. The cask is constructed of concentric stainless steel,
and tungsten alloy or carbon steel cylinders. The tungsten alloy or carbon steel cylinders, which are
embedded within the outside and inside stainless steel cylinders, are used for shielding. Stainless steel
forgings, with an entrenched tungsten alloy or carbon steel cylinder, located at each end of the
containment boundary, provide axial shielding. The cask lid/seal bolted joint and cavity bottom end close
the containment boundary for the Transport Packaging System models. In the case of the Model
AOS-100A-S transport package, the lid/seal bolted joints close both ends of the containment boundary.

The analytical results indicate that the containment boundary does not suffer any deformation that could
impair its ability to contain its radioactive material payload. This was also proven by the Free-Drop test
results. As discussed previously in Chapter 2, Subsection 2.2.2, "Chemical, Galvanic, or Other Reactions,"
there are no indications that a chemical, galvanic, nor other type of reaction, will occur.

The construction materials used for the containment boundary (located within the cask component of the
transport package) meet the ASME Boiler Pressure and Vessel Code [4.2] requirements, except for the lid
seal material. A structural weld encloses the containment boundary and shielding material cylinders inside
the outside cylinder shell. The Model AOS-165 transport package has two (2) options for this structural
weld joint - circumferential (ASME Code type A weld) or corner (ASME Code type C weld). The
Model AOS-025, AOS-050, and AOS-100 transport packages use only the corner weld (Type C)
joint design.

Figure 4-2 provides a detailed illustration of a corner weld joint on the cask cavity shell. Figure 4-3 provides
a detailed illustration of a circumferential weld joint on the cask cavity shell.

600

Corner W eld -4 65

(0-10.721ID)RE /

Figure 4-2. Sample Corner Cask Cavity Shell Weld Joint - All Models

600 A I

Circumferential Weld

1.37

Figure 4-3. Sample Circumferential Cask Cavity Shell Weld Joint Option - Model AOS-165 Only

Notes: The dimensions shown in Figure 4-2 and Figure 4-3 are those of the Model AOS-165A

transport package.

All dimensions are in inches.
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4.1.2 Containment Penetrations (Ports)

The AOS Transport Packaging System transport packages have three (3) penetrations (also
called "ports"):

* One (1) penetration, located on the cask lid, leads to the area between the "C" cross-section
seals and is used to test the adequacy of the seal joint.

" Two (2) penetrations, the cask cavity drain and vent ports, consist of three (3) diametrical steps
studded with a threaded end at the smaller diameter. Each of these two (2) port plugs connect to
the cask cavity shell.

Figure 4-4 presents a detailed illustration of the port plug. The Model AOS-165A transport package's port
plug has two design options, as illustrated in Figure 4-4 (a) and (b). The port plug of all other models is of
the type (a) design. A socket head pipe plug (which is located within the containment boundary), followed
by a cap, close each penetration. An elastomeric (Parker Silicon, 51224-70 compound, or equivalent)
O-Ring, attached to the cap, provides a redundant seal to these penetrations. In addition, option (a) has a
conduit, which is used to verify the integrity of the port plug, which is covered by a threaded pipe plug.

,PORT PLUG SEAL

PIPE PLUG -
112-14 NPT HEX SOC. 321 CONICAL SEAL

2 E0TMRIC 7' FLARED SEAL(• PRT COV E• -1.000 --. 604

PORT COVER

(a) _ _ _

OPIPE PLUG
1/8 NPT HEX SOC.

(USED FOR TESTING
PORT PLUG INTEGRITY) PORT PLU2 NO n

0.125 THRU 1 1/4-12UNF -3A -

& FINL CASK PORT PLUGS
TYPICAL 2 PLACES

PIP PLUG 10.19

1/2-14 NPT HEX SOC. 6.70
ASME SA- 182/ASTM A-1862 2.4[-01.5

GRADE F304 OR F316
OR ASME SA 479/ASTM A-479, TYPE 304 OR 316

THREADS TO CONFORM TO ANSI 81,20.3

ASME SA 479JASTM A47-.9 000165
TYPE 304 OR 316

TREAT VATH(b) MICROSEAL 100-1
ON THREADS. 3/4 NPT

1/8 DIA. CROSS SECTION
01.S0 OD. ELASTOMERIC, PARKER SILICONP

51224-70 COMPOUND, OR EQUIVALENT 107 - 14 NPT ASME SA-182/A5TM A-182, GRADE F304 OR 316

1 314-12UN-2B OR ASME SA 479/ASTM A-479, TYPE 304 OR 316
THREADS TO CONFORM TO ANSI 81.20,3

Figure 4-4. Port Plug Configuration Options - Model AOS-165A

Notes: The dimensions provided in Figure 4-4 are those of the Model AOS- 165A transport package.

All dimensions are in inches.
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The port plug seal material has been subjected to an environmental test, to demonstrate the seal's
performance within the temperature environments listed in Table 4-5.

Table 4-4. Elastomeric Port Seal Testing Temperature Environments - All Models

Minimum . Typ ,al. Maximum

OFr , 'F 00C OF

-54 -65 21 70 232 450

AOS Radioactive Material Transport Packaging System Safety Analysis Report

for Model AOS-025, AOS-050, and AOS-100 Transport Packages, Rev. C

4-9



4.1.3 Lid Seal

The AOS Transport Packaging System's metallic (stainless steel and silver) cask lid joint design includes a
seal between the lid and cask cavity body. The sealing principle of the Helicoflex® family of metallic seals
is based upon plastic deformation of a jacket of greater ductility than the flange materials. This occurs
between the sealing face of a flange and an elastic core composed of a close-wound helical spring. The
spring has a specific compression resistance, to prevent the seal from being crushed. During compression,
the resulting specific pressure forces the jacket to yield and fill the flange surface imperfections, while
ensuring positive contact with the flange sealing faces. Each coil of the helical spring functions
independently, and allows the seal to conform to irregularities on the flange surface.

Figure 4-5 illustrates a cross-section of the metallic, double "C" cross-section arrangement lid seal.

0.107 .0.001

1

= ~11.476 *- 0.005

17.840 + 0.015

S12.970 *:0.005

Figure 4-5. Lid Seal - Metallic (Stainless Steel and Silver), Double "C" Cross-Section Arrangement

Notes: The spring's compression resistance maintains the contact between the seal surface

and surfaces being sealed.

The dimensions provided in Figure 4-5 are those of the Model AOS- 100A transport package.

All dimensions are in inches.
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Figure 4-6 illustrates how the seal is attached to the lid by four four (4) small screws. Located between the
seal's two "C" cross-sections, the screws are sized and installed in such a way as to prevent the screws
from interfering with the deformation of the "C" cross-sections when the lid bolts are being tightened.

Note: A callout for the hole used for testing is included in Figure 4-6, to differentiate it from the screws
in the photograph.

Lid Seal Attachment Screws
(4 p1' evenly spaced around seal)

\ Hole Used for Testing

Figure 4-6. Lid Seal - Attachment by way of Four Screws, and Testing Hole
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The lid seal material has been subjected to an environmental test, to demonstrate the seal's performance
within the temperature environments listed in Table 4-5 and the test report provided in Appendix 4.5.1,
"Helium Leak Qualification Test of Garlock Helicoflex H309352 and 309353-5."

Table 4-5. Metallic Lid Seal Testing Temperature Environments - All Models

4.1.4 Closure

The lid seal assembly is attached to the cask body by a set of socket head bolts, ASME SB-637 UNS
N07750 Type 3. This bolted joint is recessed within the cask body, to protect the joint from impact during
loading. This design attribute was demonstrated during the Hypothetical Accident conditions of transport
drop, by the use of pressure-sensitive paper, presented in Chapter 8, Appendix 8.3.2, "Impact (Free-Drop)
Test Report." The closure bolt stress analysis followed the methodology and acceptance criteria given in
NUREG/CR-6007, Reference [4.3].

Table 4-6 presents the pertinent information of each set of bolts, for each AOS Transport Packaging
System model. Table 4-7 presents Reference [4.3] evaluation.
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Table 4-6. Cask Bolt Input Summary - All Models

Ambient Temperature, 1000F. Ambient Temperature,.-40°F .

Item AOS-025 AOS-050 AOS-1 00 AOS-165 A IAOS-025 .AOS-050 ".AOS-1 00 AOS-165

Geometry Definitions

Seal Type Metallic Metallic Metallic Metallic Metallic Metallic Metallic Metallic

Number of Bolts 8 10 14 20 8 10 14 20

Lid Diameter at Bolt Line (in.) 3.707 7.414 14.064 22.875 3.707 7.414 14.064 22.875

Arc Length Per Bolt (in.) 1.36 2.18 3.11 3.59 1.36 2.18 3.11 3.59

Lid Diameter at Gasket (in.) 3.052 6.131 12.309 20.08 3.052 6.131 12.309 20.08

Bolt Diameter (in.) 0.375 0.5 0.875 1.25 0.375 0.5 0.875 1.25

Lid Diameter - inside (in.) 2.7 5.5 10.99 18.25 2.7 5.5 10.99 18.25

Lid Diameter - outside (in.) 4.45 8.90, 16.59 27.38 4.45 8.9 16.59 27.38

Lid Thickness (in.) 0.37 0.75 1.51 2.49 0.37 0.75 1.51 2.49

Lid Flange Thickness (in.) 0.48 0.97 1.94 3.2 0.48 0.97 1.94 3.2

Cask Wall Thickness (in.) 0.85 1.705 2.805 4.625 0.85 1.705 2.805 4.625

Bolt Length (in.) 0.15 0.41 1.06 1.95 0.15 0.41 1.06 1.95

Bolt Momentum of Inertia (in4) 0.001 0.003 0.03 0.12 0.001 0.003 0.03 0.12

AOS Radioactive Material Transport Packaging System Safety Analysis Report
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Table 4-6. Cask Bolt Input Summary - All Models (Continued)

Ambient Temperature, 100°F IAmbient Temperature, -40'F.

Item AOS-025 AOS-050 AOS-100 AOS-165 fAOS-025 AOS-050 AOS-100 AOS-.165

Material Properties

Young Modulus - Lid (psi) 27.7E6 27.3E6 27.3E6 25.7E6 28.8E6 28.3E6 28.3E6 26.6E6

Young Modulus - Flange (psi) 27.7E6 27.3E6 27.3E6 25.7E6 28.8E6 28.3E6 28.3E6 26.6E6

Young Modulus - Cask (psi) 27.7E6 27.3E6 27.3E6 25.7E6 28.8E6 28.3E6 28.3E6 26.6E6

Young Modulus - Bolt (psi) 27.1 E6 26.9E6 26.9E6 25.3E6 28.1 E6 27.9E6 27.9E6 26.1 E6

Poisson's Ratio - Lid 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Poisson's Ratio - Cask 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Lid - CTE 8.2E-6 8.3E-6 8.3E-6 8.9E-6 7.7E-6 7.8E-6 7.8E-6 8.5E-6

Bolt - CTE 7.2E-6 7.3E-6 7.3E-6 7.7E-6 7.1E-6 7.1E-6 7.1E-6 7.5E-6

Wall - CTE 8.2E-6 8.3E-6 8.3E-6 8.9E-6 7.7E-6 7.8E-6 7.8E-6 8.5E-6

Flange Coefficient Frictiona 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9

Sm (ksi) 96.0 94.7 94.7 90.7 100 100 100 92

Sy (ksi) 144 142 142 136 150 150 150 138

S, (ksi) 178 176 176 168 185 185 185 171

Code Evaluation Codeb 2 .2 2 2 2 2 2 2
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0
Table 4-6. Cask Bolt Input Summary - All Models (Continued)

Ambient Temperature, 100oF Ambient Temperature, -40 0'F-

Item AOS-025 AOS-050 AOS-100 AOS-165 AOS-025 AOS-050 AOS-100 " AOS-165'

Mechanical Loads

Inside Pressure at Lid (psia) 30 60 280 220 30 60 280 220

Outside Pressure at Lid (psia) 15 15 15 15 15 15 15 15

Inside Pressure at Wall (psia) 30 60 280 220 30 60 280 220

Outside Pressure at Wall (psia) 15 15 15 15 15 15 15 15

Temperature Change across Lid 59.10C 84.50C 79.17'C 265.60C -55.28°C -25.4°C -35.0°C 173.50C
(138.4°F) (184.1°F) (174.5°F) (510°F) (-67.5°F) (-13.7-F) (-31.0°F) (344.3°F)

59.10C 84.5°C 79.170C 265.60C -55.28°C -25.4OC -35.00C 173.5°C
Temperature Change across Bolt (138.4°F) (184.1°F) (174.5°F) (510°F) (-67.50 F) (-13.7°F) (-31.0-F) (344.30 F)

59.1 0C 84.60C 79.20C 265.60C -55.20C -25.380C -35.00C 173.50C
Temperature Change across Wall (138.4OF) (184.2OF) (174.60 F) (510OF) (-67.4OF) (-13.70 F) (-31.0 0 F) (344.3OF)

at outside of Lid 59.10C 84.830C 79.940C 272.70C -55.280 C -25.1°C -34.17 0 C 181.280C

Temperature (138.4°F) (184.7-F) (175.9°F) (522.8°F) (-67.50 F) (-,13.2 °F) (-29.50 F) (358.30 F)

59.17'C 84.940C 80.10C 273.8°C -55.20C -25.0°C -33.940C 182.50C
Temperature at inside of Lid (138.50 F) (184.9°F) (176.2°F) (524.80 F) (-67.40 F) (-13.0°F) (-29.1°F) (360.5°F)

Weight of Cask Contents + 10 + 4 60 + 35 500 + 278 2,200 + 1,249 10 + 4 60 + 35 500 + 278 2,200 + 1,249
(plug weight) (lbs.) = 14 = 95 = 778 = 3,449 = 14 = 95 = 778 = 3,449

Weight of Cask Lid (lbs.) 2 12 99 445 2 12 99 445

AOS Radioactive Material Transport Packaging System Safety Analysis Report
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Table 4-6. Cask Bolt Input Summary - All Models (Continued)

Ambient Temperature, 100'F Ambient Temperature, -40°F

Item AOS-025 AOS-050 AOS-100 AOS-165 AOS-025 AOS-050 AOS-100 AOS-165

Mechanical Loads (Continued)

Head-On Drop

Drop Angle of Impact 90 90 90 90 90 90 90 90

Impact Accelerationc 638 269 149 139 893 377 188 165

Side Drop

Drop Angle of Impact 0 0 0 0 0 0 0 0

Impact Accelerationc 638 360 177 149 893 504 223 177

Corner Drop

Drop Angle of Impact 45 45 45 45 45 45 45 45

Impact Accelerationc 461 192 116 85 645 269 146 101

Dynamic Load Factor 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15

Puncture Load 0 0 0 0 0 0 0 0

Puncture Angle of Impact 45 45 45 45 45 45 45 45

Axial Vibration Accelerationd 0 0 0 0 0 0 0 0

Transverse Vibration Acceleration 0 0 0 0 0 0 0 0

Vibration Transmissibility 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Preload Torque (ft-lb)e 30 62.5 500 1,000 30 62.5 500 1,000

Nut Factor for Preload Torque 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15

Gasket Seating Width 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Gasket Seating Stress 0 3,000 3,000 4,568 0 3,000 3,000 4,568

Gasket Factorf 0 3.18 0.54 0.98 0 3.18 0.54 0.98
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Table 4-6. Cask Bolt Input Summary - All Models (Continued)

Ambient Temperature, 100*F Ambient Temperature, -40-F

Item AOS-025 AOS-050 AOS-100 AOS-165 IAOS025 AOS-'050 AOS-410 AOS-1 65,

Geometry Loads

FatigueStressfor 144 142 142 136 150 150 150 138
Normal Operation

Fatigue Stress for Vibration 13 13 13 13 13 13 13 13

Number of Threads per Inch 16 13 9 7 16 13 9 7

a. Used in bolt flange friction force computation.

b. Code evaluation options are: 1 = Normal, 2 = Accident.

c. The -40'F ambient condition impact accelerations are obtained by applying factors to the 100'F ambient impact accelerations:

Model Factor

AOS-025 1.40

AOS-050 1.40

AOS-1O0 1.26

AOS-165 1.19

The 1. 19 and 1.26 factors are from analyses using the increased foam stiffness.

The 1.4 factor is the increased foam stiffness due to temperature.

d. Normal conditions of transport accelerations, g, are:

Axial 10

Lateral 5

e. Recommended bolt torque:

1 1/4"-7 1,000 ft-lb

7/8"-9 500 ft-lb

1/2"-13 62.5 ft-lb

3/8"-16 30 ft-lb
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f Model AOS-050 cask (Helicoflex spring seal, per Helicoflex calculations):

m= Y1/(2 *AP)=2861(2 *(60- 15))=3.18

Model AOS-100 cask (Helicoflex spring seal, per Helicoflex calculations):

m = Y1 / (2 * AP) = 286 / (2 * (280- 150)) = 0.54

Model AOS- 165 cask (Helicoflex spring seal, per Helicoflex calculations):

m = Y1/(2 *AP) = 400/(2 * (220- 15)) = 0.98

where Y1 = Linear load, to maintain sealing in service at low pressure.
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Table 4-7. Bolt (Reference [4.3]) Evaluation - All Modelsa

. . .Model andAmbientTemperatures.

AOS-025 ' OSý-050 'O- 0AS16

Item 1000,F -40-Fe -100 0F. -40TF 1O00 F' ~-F OR0  ~0F

Bolt size (in.) 3/8 1/2 7/8 1 1/4

Number of threads per in. 16 13 9 7

Number of Bolts 8 10 14 20

Torque, ft-lb 30 62.5 500 1,000

Normal Conditions of Transport

Axial Stress/Sm 0.08 0.07 0.17 0.15 0.40 0.36 0.30 0.27

Shear Stress/0.6Sm 0.26 0.25 0.22 0.21 0.30 0.28 0.20 0.20

Rt2 + Rs2  0.07 0.07 0.08 0.06 0.25 0.21 0.13 0.12

Se/1.35Sm 0.46 0.44 0.42 0.39 0.67 0.62 0.46 0.44

AccumulatedAtigueage 0.07 0.06 0.15 0.13 0.37 0.34 0.27 0.25Fatigue Usage

Hypothetical Accident Conditions of Transport

Head-On Drop

Axial Stress/0.7Su 0.48 0.62 0.60 0.74 0.76 0.82 0.87 0.96

Shear Stress/0.42Su 0.20 0.19 0.17 0.16 0.23 0.22 0.16 0.16

Rt2 + Rs2  0.27 0.42 0.39 0.58 0.63 0.72 0.78 0.94

Side Drop

Axial Stress/0.7Su 0.06 0.05 0.13 0.11 0.30 0.28 0.23 0.21

Shear Stress/0.42Su 0.20 0.19 0.17 0.16 0.23 0.22 0.16 0.16

Rt2 + Rs2  0.04 0.04 0.04 0.04 0.14 0.12 0.08 0.07

Corner Drop

Axial Stress/0.7Su 0.27 0.34 0.37 0.43 0.55 0.58 0.50 0.53

Shear Stress/0.42Su 0.20 0.19 0.17 0.16 0.23 0.22 0.16 0.16

Rt2 + Rs2  0.11 0.15 0.16 0.21 0.36 0.38 0.28 0.31

a. A detailed analysis of the bolt evaluation is presented in Appendix 4.5.2, 'Analysis of Cask Closure Bolts
by NUREG/CR-6007."
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4.1.5 Keensert Device Evaluation

This section documents the evaluation of Keensert devices used in the AOS Cask component, for each of
the AOS Transport Packaging System models.

Keensert devices are used in the AOS transport packages, to provide a threaded surface in the Cask Lid
joint and the trunnion attachment area. Use of this device ensures that it is replaced, if the threads are
damaged as a result of operational usage. The methodology used in the evaluation is taken from
Reference [4.5] ("Fasteners" section), and is presented here for each model.

The critical areas of stress of mating screw threads are as follows:

a. Effective cross-sectional area;

b. Shear area of the external thread; and

c. Shear area of the internal thread. If failure should occur, it is preferable for the screw to break,
rather than to have the external or internal thread strip.

To prevent stripping of the external thread, the length of engagement should be not less than:

Le = 2 * At / {3.1416 * Knmax * [1/2 + 0.57735 * n * (Esmin - Knmax)]}

For steels of up to 100,000 psi ultimate tensile strength, the tensile area, At, is given by:

At = 0.7854 * (D - 0.9743 / n) 2

For steels of more than 100,000 psi ultimate tensile strength, the tensile area, At, is given by:

At - 3.1416 * (Esmin / 2 - 0.16238 / n) 2

If the internal thread is made of material of lower strength than the external thread, it is necessary to
determine whether stripping of the internal thread occurs before the screw breaks. The relative strength of
the external and internal threads is represented as the factor J, and is defined as:

J = As * Suext / (An * Suint)

where:

As = 3.1416 * n * Le * Knmax * [1 / (2 * n) + 0.57735 * (Esmin - Knmax)]

An = 3.1416" n * Le* Dsmin * [1 (2 n) + 0.57735 * (Dsmin - Enmax)]

If J is less than or equal to 1, the length of engagement, Le, is adequate to prevent stripping of the internal
thread. However, if J is greater than 1, the required length of engagement, Q, to prevent stripping of the
internal thread is:

Q = J *Le
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where:

An = Shear area of internal thread

As = Shear area of external thread

At = Tensile stress area of screw thread

D = Basic major diameter of the thread

Dsmin = Minimum major diameter of external thread

Enmax = Maximum pitch diameter of internal thread

Esmin = Minimum pitch diameter of external thread

J = Relative strength of external to internal thread ratio

Knmax = Maximum minor diameter of internal thread

Le = Minimum engagement length to prevent stripping of the external thread

n = Number of threads, per inch

Q = Required length of engagement, to prevent stripping of the internal thread

Suext = Tensile strength of external thread material

Suint = Tensile strength of internal thread material

AOS Radioactive Material Transport Packaging System Safety Analysis Report
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4.1.5.1 Keensert Evaluation - Model AOS-025

0
Table 4-8. Keensert Evaluation - Model AOS-025

Parameter 3/8-in. D UNC 9/16-in. (D

Number of threads, per inch 16 12

External thread class 3A 2A

Internal thread class 3B 2B

D (in.) 0.3750 0.5625

Dsmin (in.) 0.3656 0.5495

Enmax (in.) 0.3387 0.5152

Esmin (in.) 0.3311 0.5016

Knmax (in.) 0.3182 0.4900

Suext (ksi) 185.0 89.9

Suint (ksi) 89.9 75.0
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4.1.5.1.1

4.1.5.1.1.1

Le

3/8-In. 0 Threaded Joint - Model AOS-025

Internal Thread Check - Model AOS-025

= (2) (0.0775) /{(3.1416) (0.3182) [1/2 + (0.57735) (16) (0.3311 - 0.3182)]}

= 0.250 in.

where:

At

J

= (0.7854) (0.375 - 0.9743/16)2 = 0.0775 in2

= (0.155) (185) / (0.215) (89.9)

1.484

where:

As = (3.1416) (16) (0.250) (0.3182) [1 / (2 (16)) + (0.57735) (0.3311 - 0.3182)]

= 0.155 in2

An = (3.1416) (16) (0.250) (0.3656) [1 / (2 (16)) + (0.57735) (0.3656 - 0.3387)]

= 0.215 in2

J is greater than 1.0; therefore, the internal thread may strip.

The minimum internal thread engagement is:

Q = (1.484) (0.250) = 0.371 in. .(required minimum engagement)

The Keensert 3/8-inch bolt is catalog number KNH616J. The length of the insert is 0.50 inches. Therefore,
the thread design is okay.

AOS Radioactive Material Transport Packaging System Safety Analysis Report
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4.1.5.1.2 9/16-In. cD Threaded Joint - Model AOS-025

4.1.5.1.2.1 External Thread Check - Model AOS-025

The Keensert external thread is 9/16"-12. Determine shear areas for internal and external threads. The
external thread shear area is:

As = (3.1416) (12) (0.250) (0.490) [1 / (2 (12)) + (0.57735) (0.5016 - 0.490)]

= 0.223 in2

This area is greater than the internal shear area at the 3/8-inch bolted joint. Therefore, the minimum
external thread engagement of 0.281 inches is okay.

The length of the insert is 0.50 inches. Therefore, the external thread design is okay.

4.1.5.1.2.2 Internal Thread Check - Model AOS-025

The internal thread shear area is:

An = (3.1416) (12) (0.250) (0.5495) [1 / (2 (12)) + (0.57735) (0.5495 - 0.5152)]

= 0.318 in2

The tensile strength of the lid is 75 ksi versus 89.9 ksi for the Keensert:

J = (0.223) (89.9)/(0.318) (75) = 0.84

The joint is okay.

0
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4.1.5.2 Keensert Evaluation - Model AOS-050

Table 4-9. Keensert Evaluation - Model AOS-050

'Paramfeter 12i.' UNC' 11 /16 1 -n .',

Number of threads, per inch 13 12

External thread class 3A 2A

Internal thread class 3B 2B

D (in.) 0.5000 0.6875

Dsmin (in.) 0.4891 0.6745

Enmax (in.) 0.4548 0.6405

Esmin (in.) 0.4463 0.6264

Knmax (in.) 0.4284 0.6150

Suext (ksi) 185.0 89.9

Suint (ksi) 89.9 75.0

a. The threading for this ½2-inch insert is 11/16"- 11, which is a non-standard thread. For this evaluation,
11/16"- 12 threading is assumed.
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4.1.5.2.1

4.1.5.2.1.1

Le

1/2-In. (D Threaded Joint - Model AOS-050

Internal Thread Check - Model AOS-050

= (2) (0.142) / {(3.1416) (0.4284) [1 / 2 + (0.57735) (13) (0.4463 - 0.4284)]l

= 0.333 in.

0

where:

At

J

(0.7854) (0.5 - 0.9743 / 13)2 = 0.142 in2

(0.284) (185) / (0.388) (89.9)

1.506

where:

As  (3.1416) (13) (0.333) (0.4284) [1 / (2 (13)) + (0.57735) (0.4463 - 0.4284)]

0.284 in2

An (3.1416) (13) (0.333) (0.4891) [1 / (2 (13)).+ (0.57735) (0.4891 - 0.4548)]

0.388 in2

J is greater than 1.0; therefore, the internal thread may strip.

The minimum internal thread engagement is:

Q = (1.506) (0.333) = 0.501 in. (required minimum engagement)

The Keensert 1/2-inch bolt is catalog number KNH813J. The length of the insert is 0.66 inches. Therefore,
the thread design is okay.
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4.1.5.2.2 11/16-In. D Threaded Joint - Model AOS-050

4.1.5.2.2.1 External Thread Check - Model AOS-050

The Keensert external thread is 11/16"-12. Determine shear areas for internal and external threads. The
external thread shear area is:

As = (3.1416) (12) (0.333) (0.615) [1 / (2 (12)) + (0.57735) (0.6264 - 0.615)]

= 0.373 in2

This area is less than the internal shear area at the 1/2-inch bolted joint. Therefore, the minimum external
thread engagement is:

Q = (0.501) (0.388 / 0.373) = 0.522 in. (required minimum engagement)

The length of the insert is 0.66 inches. Therefore, the external thread design is okay.

4.1.5.2.2.2 Internal Thread Check - Model AOS-050

The internal thread shear~area is:

An = (3.1416) (12) (0.333) (0.6745) [1 / (2 (12)) + (0.57735) (0.6745 - 0.6405)]

= 0.519 in2

The tensile strength of the lid is 75 ksi versus 89.9 ksi for the Keensert:

J = (0.373) (89.9)/ (0.519) (75) = 0.86

The joint is okay.
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4.1.5.3 Keensert Evaluation - Model AOS-100

Table 4-10. Keensert Evaluation - Model AOS-100

Parameter 7/84in. D UNC 1 1/4-in. D UNF

Number of threads, per inch 9 12

External thread class 3A 2A

Internal thread class 3B 2B

D (in.) 0.875 1.25

Dsmin (in.) 0.8611 1.2368

Enmax (in.) 0.8089 1,2039

Esmin (in.) 0.7981 1.1879

Knmax (in.) 0.7681 1.178

Suext (ksi) 185.0 89.9

Suint (ksi) 89.9 75.0

0

0
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4.1.5.3.1

4.1.5.3.1.1

Le

7/8-In. cD Threaded Joint - Model AOS-100

Internal Thread Check - Model AOS-100

= (2) (0.4617) /{(3.1416) (0.7681) [1/2 + (0.57735) (9) (0.7981 - 0.7681)])

= 0.583 in.

where:

At

J

(0.7854) (0.875 - 0.9743 / 9)2 = 0.4617 in2

(0.923) (185)/(1.216) (89.9)

1.562

where:

As (3.1416) (9) (0.583) (0.7681) [1 / (2 (9)) + (0.57735) (0.7981 - 0.7681)]

0.923 in2

An (3.1416) (9) (0.583) (0.8611) [1 /(2 (9)) + (0.57735) (0.8611 - 0.8089)]

= 1.216 in2

J is greater than 1.0; therefore, internal thread may strip.

The minimum internal thread engagement is:

Q = (1.562) (0.583) = 0.911 in. (required minimum engagement)

The Keensert 7/8-inch bolt is catalog number KNH1409J. The length of the insert is 1.25 inches.
Therefore, the thread design is okay.
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4.1.5.3.2 1 1/4-In. D Threaded Joint - Model AOS-100

4.1.5.3.2.1 External Thread Check - Model AOS-100

The Keensert external thread is 1 1/4"-12. Determine shear areas for internal and external threads. The
external thread shear area is:

As = (3.1416) (12) (0.583) (1.178) [1 / (2 (12)) + (0.57735) (1.1879 - 1.178)]

0.943 in2

This area is greater than the internal shear area at the 7/8-inch bolted joint. The minimum external thread
engagement of 0.911 inches is okay.

The length of the insert is 1.25 inches. Therefore, the external thread design is okay.

4.1.5.3.2.2 Internal Thread Check - Model AOS-100

The internal thread shear area is:

An = (3.1416) (12) (0.583) (1.2368) [1 / (2 (12)) + (0.57735) (1.2368 - 1.2039)]

1.649 in2

The tensile strength of the lid is 75 ksi versus 89.9 ksi for the Keensert:

J (1.227) (89.9)/(1.649) (75) = 0.89

The joint is okay.
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4.1.5.4 Keensert Evaluation - Model AOS-165

Table 4-11. Keensert Evaluation - Model AOS-165

" Parameter• 1 1/4-in. 1 UNC- . 1 5/8-in. (D UN

Number of threads, per inch 7 12

External thread class 2A 2A

Internal thread class 2B 2B

D (in.) 1.25 1.625

Dsmin (in.) 1.2314 1.6118

Enmax (in.) 1.1668 1.5785

Esmin (in.) 1.1476 1.5632

Knmax (in.) 1.123 1.553

Suext (ksi) 185.0 89.9

Suint (ksi) 89.9 75.0
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4.1.5.4.1

4.1.5.4.1.1

Le

1 1/4-In. D Threaded Joint - Model AOS-165

Internal Thread Check - Model AOS-165

= (2) (0.969) / {(3.1416) (1.123) [112 + (0.57735) (7) (1.1476 - 1.123)]}

= 0.916 in.

where:

At

J

= (0.7854) (1.25 - 0.9743 / 7)2 = 0.969 in2

= (1.937) (185) / (2.697) (89.9)

1.478

where:

As (3.1416) (7) (0.916) (1.123) [1 /(2 (7)) + (0.57735) (1.1476- 1.123)]

1.937 in2

An (3.1416) (7) (0.916) (1.2314) [1 / (2 (7)) + (0.57735) (1.2314 - 1.1668)]

= 2.697 in2

J is greater than 1.0; therefore, the internal thread may strip.

The minimum internal thread engagement is:

Q = (1.478) (0.916) = 1.354 in. (required minimum engagement)

The length of the insert is 1.37 inches. Therefore, the thread design is okay.
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4.1.5.4.2 1 5/8-In. D Threaded Joint - Model AOS-165

4.1.5.4.2.1 External Thread Check - Model AOS-165

The Keensert external thread is 1 5/8"-12. Determine shear areas for internal and external threads. The
external thread shear area is:

As = (3.1416) (12) (0.916) (1.553) [1 /(2 (12)) + (0.57735) (1.5632 - 1.553)]

= 2.550 in2

This area is less than the internal shear area at the 1 1/4-inch bolted joint. Therefore, the minimum
external thread engagement is:

Q = (1.354) (2.697 / 2.550) = 1.432 in. (required minimum engagement)

The length of the insert is 1.81 inches. Therefore, the external thread design is okay.

4.1.5.4.2.2 Internal Thread Check - Model AOS-165

The internal thread shear area is:

An = (3.1416) (12) (0.916) (1.6118) [1 / (2 (12)) + (0.57735) (1.6118 - 1.5785)]

= 3.389 in2

The tensile strength of the lid is 75 ksi, versus 89.9 ksi for the Keensert:

J = (2.550) (89.9) / (3.389) (75) = 0.90

The joint is okay.
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4.2 CONTAINMENT UNDER NORMAL CONDITIONS OF TRANSPORT

4.2.1 Containment of Radioactive Material

AOS Transport Packaging System containment is designed so that no release of radioactive materials can
occur under all conditions of transport, nor will there be any significant increase in external radiation or
reduction in package effectiveness. This conclusion is supported by the analyses and various component
qualification tests presented throughout this report.

4.2.2 Pressurization of Containment Boundary

The AOS Transport Packaging System transport packages withstand pressures and temperatures in
excess of those encountered in Normal conditions of transport. The maximum Normal and Hypothetical
Accident pressure encountered are well within the Design Pressure of each transport package. These
pressures correspond to the maximum temperature of Normal conditions of transport. This pressure
value is based upon air at 100% relative humidity occupying the cavity interior. Table 4-12 presents the
maximum temperatures and resulting pressures under Normal conditions of transport, as well as the
Design Pressure for each transport package. Table 4-13 provides similar information, for Hypothetical
Accident conditions of transport. The structural evaluation provided in Chapter 2, "Structural Evaluation,"
shows low stress values throughout the cask structure, especially in the seal area under Normal conditions
of transport. In addition, the maximum temperatures are below the corresponding limits of the seal
materials; therefore, they do not pose a threat to containment integrity.
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I Table 4-12. Maximum Cask Cavity Pressure Due to Normal Conditions of Transport - All Models

Voum.() Temperature (T)a PresSure (p)b Desgn ressurec

Model I in3  0C , F- kPa psia kPa psia

AOS-025 0.17 10 99 210 126 18 < 207 30

AOS-050 1.36 83 128 263 136 20 < 414 60
AOS- 1 00AAOS-100A 11.21 684 126 258 135 20 < 1,931 280AOS-100A-S

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

AOS-165A 49 2,978 365 689 209 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 is based upon the ideal gas law, where:

P__ _ P 2 V-1, P 1  _ P 2
T 1 T2 T, T2

Initial Condition Final Condition

P1 = 14.7 psia P2 = ?

T, = 78°F T2 = 256°F

P= (256 + 460) , 14.7 = 19.56 psia

(78 + 460)

c. Model AOS-100 and AOS-165 transport packages - Pressure value is based upon projected
operating conditions.

Table 4-13. Maximum Cask Cavity Pressure Due to Fire Conditions - All Models

Volume Temperaturea Pressure Design Pressureb

Model I in3  °C °F kPa psia kPa psia

AOS-025 0.17 10 149 300 143 21 < 207 30

AOS-050 1.36 83 205 401 162 24 < 414 60

AOS- 100AAOS-100A 11.21 684 174 346 155 23 < 1,931 280AOS- 100A-S

AOS-100B 11.21 684 183 360 155 23 < 1,931 280

AOS-165A 49 2,978 375 707 220 32 < 1,517 220

AOS-165B 49 2,978 232 449 220 32 < 1,517 220

a. Temperature listed is the maximum value obtained throughout Hypothetical Accident conditions of transport
events.

b. Model AOS-100 and AOS-165 transport packages - Pressure value is based upon design conditions.
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4.2.3 Containment Criterion

AOS Transport Packaging System containments are designed, and verified by Leak test, to meet the
"leaktight" criteria established in Reference [4.4].

0
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4.3 CONTAINMENT UNDER HYPOTHETICAL ACCIDENT CONDITIONS
OF TRANSPORT

Note: The design pressure for the transport packages does not account for the pressure contribution of
fission gas inventory release, because fission gasses are not an authorized content for the AOS Transport
Packaging System.

Under Hypothetical Accident conditions of transport, the pressure within the AOS Transport Packaging
System models' cask cavity is well below the design pressures listed in Table 4-12. Temperatures at the lid
seal and port cover seals are also below the temperature criteria for the applicable seal material listed in
Chapter 3, Table 3-4, "Transport Package Temperature Summary - All Models."

Table 4-14 summarizes the maximum temperatures obtained during the fire transient evaluation, for each
of the transport package models. The analytical evaluations under Hypothetical Accident conditions of
transport, presented in Chapter 2, "Structural Evaluation," show that the stresses throughout the cask
structure are below the failure criteria for the material. This is also demonstrated by the results of the
Model AOS-1 65 transport package Free-Drop test, presented in Chapter 8, Appendix 8.3.2, "Impact
(Free-Drop) Test Report." During the test, the cask structure did not suffer any measurable deformation on
its entire surface and the cask leak tightness was maintained, despite the fact that the cask was dropped
three (3) times.

Table 4-14. Maximum Temperatures during Fire Transient at Packaging Cask Cavity,
Cask Seal Area, and Cask Test, Drain, and Vent Ports - All Models

Maximum Temperatures

AOS-100A
AOS-025A AOS-050A AOS-100A-S AOS-1 GOB AOS-165A AOS-165B

Area °C "F °C "F "C °F "C "F "C "F "C "F

Cask Cavity 149 300 205 401 174 346 183 360 375 707 232 449

Cask Seal Area 148 299 200 392 185 365 172 341 326 619 204 400

Cask Test Port 148 299 200 393 175 346 172 342 314 597 202 395

Cask Drain Port 147 297 201 393 175 346 172 342 315 598 200 393

Cask Vent Port 149 300 199 391 174 345 171 340 326 619 204 399
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4.3.1 Containment of Radioactive Material

The results of the structural and thermal analyses performed in Chapter 2, "Structural Evaluation," and
Chapter 3, "Thermal Evaluation," respectively, and the Packaging Drop test results presented in
Chapter 8, "Acceptance Tests and Maintenance Program," verify that the transport packages are capable
of withstanding the Hypothetical Accident conditions of transport that meet the containment criteria
provided in Reference [4.4].

4.3.2 Containment Criterion

AOS Transport Packaging System containments are designed, and verified by Leak test, to meet the
"leaktight" criteria established in Reference [4.4].

4.3.3 Fission Gas Products

Note: Not applicable. Fuel is not an authorized content for the AOS Transport Packaging System.

0

0
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4.4 LEAKAGE RATE TESTS FOR TYPE B PACKAGES

The Leakage Rate Test for Type B packages is performed by pressurizing the cask cavity to 1 atmosphere
above the background pressure of the cavity filled with helium. To check for the presence of helium, the
volume between the two seal rings on the lid seal, and in the seal ring around the threaded port plugs and
the testing port cover in the vent and drain ports are tested. The testing is done with a Mass Spectrometer
Leak Detector (MSLD) connected to the seal test port and the testing port cover.

Figure 4-7 illustrates a sample leak test setup for the lid seal. The cask cavity is evacuated prior to helium
pressurization, to ensure as close to 100% (as possible) helium environment in the cask cavity. The MSLD
is calibrated before and after the test, with a calibrated leak standard having a leak rate range value of at
least 10-9 cc/sec He. The cask temperature at the test port area and calibrated leak identification number
are recorded, as well as the acceptance criteria leak rate. The acceptance criteria can be compensated, to
account for temperature variations. The pipe plugs on the drain and vent ports are tested in a similar
manner.

Auxiliary (Roughing) Pump

Calibrated Leak Standard

Hlim M.ss.
Separate Vacuum and

Test Port Pressure Indicating
Device; or combination

Vacuum/ Pressure
Indicating Device

Cask Shell Assembly -
Hood

Helium Source and
Regulator Helium

Tracer Gas

\-• Install M." NPT Plug in
Test Port

Figure 4-7. Sample Leak Test Setup
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4.5 APPENDIX

This appendix presents the following information:

" Helium Leak Qualification Test of Garlock Helicoflex H309352 and 309353-5
• Analysis of Cask Closure Bolts by NUREG/CR-6007
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4.5.1 Helium Leak Qualification Test of Garlock Helicoflex H309352
and 309353-5

The test reported in this appendix was performed to demonstrate that the selected seal materials are able
to perform at their temperature limits. It was not used to qualify the seal joint. The seal joint qualification
test is performed with the actual joint using the cask, seal, lid, and bolting installed, as prescribed, in the
Acceptance Test and Annual Test procedures. (Refer to Chapter 8, "Acceptance Tests
and Maintenance Program.")

4-42
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Purchase Order # 037467
Kevin Ezell
Garlock Helicoflex
2770 The Boulevard
Columbia, SC 29290

Subject

In order to qualify H-309352 & H-309353, leak tests were performed on Garlock Helicoflex test seals
H-309646 and H-309353-5 in accordance with GE Specification 22A9424, "AOS Packages Cask Seals,
Metallic and Elastomeric Materials".

Materials

H-309646 seals are constructed of metal and H-309353-5 seals are constructed of an elastomer. Test
flange F-400282 was built of 300 series stainless steel by Garlock Helicoflex. An aluminum test fixture
was constructed by Applied Technical Services (ATS). Various stainless steel fittings were used in the
plumbing.

Objective and Background

The purpose of this test was to determine the helium leak rate of seals H-309646 and H-309353-5 at low,
normal, and high temperatures. These seals are to be used in the transport of radioactive materials.

Test Procedure

Seals were installed per the Garlock Helicoflex Leak Test Procedure for H-309352 (Latest Revision) and
H-309353 (Latest Revision) sections 3.2 and 4.2 for the metal and elastomer seals, respectively. The
room temperature tests were performed beneath a fume hood. For the low temperature test, the test fixture
was placed in an environmental chamber at the required test temperature. For the high temperature test,
the test fixture was wrapped in ceramic heat treatment beads covered and blanketed with ceramic*
insulation. The part was heated to the required. temperature. For all tests a thermocouple was attached to
the part through the entirety of the tests. The test procedure can be seen in Appendix 2. Pictures of test
setup can be seen in Figures 1-9.
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Test Results

Test data is reported in Table 1.

Table 1: Test Data

Part Pressure Helium Test Pass/Fail Observed
Seal Test Temperature Differential Pressure Duration Condition Leak Rate

(OF) (psi) (psi) (cc/sec) (cc/sec)
Normal (70'F +

Metal 5-) 72 30 15 3 min. 2.0 x10 7  1.1 x 10.9

Normal (70'F ±
Metal 5-) 75 30 15 3 min. 2.0 x10 8 x 10-10

Normal (70'F ±
Elastomer 50) 71.7 30 15 3 min. 2.0 x 10- 5.2 x 10-10

Cold (-40°F ±
Metal 10o) -40 17 2 3 min. 3.1 x10z 1.9 x 101 °

Cold (-40°F ±
Metal 10-) -36.6 17 2 3 min. 3.1x10 1.0 x 10-9

Cold (-40'F ±
Elastomer 10°) -39 17 2 3 min. 2.6 x 10- 6.9 x 109

Metal Hot (800'F ± 5*) 804 17 2 3 min. 2.4 x 107  2.2 x 107

Metal Hot (800'F ± 50) 801 17 2 3 min. 2.4 x 10-7 3.8 x 10.9

Elastomer Hot (450°F ± 50) 455 17 2 3 min. 2.4 x 10-7  6.8 10.8

Test Summary and Conclusion

Garlock Helicoflex seals H-309352 & H-309353 were tested in accordance with GE Specification
22A9424, "AOS Packages Cask Seals, Metallic and Elastomeric Materials". Tested specimens were
found to be acceptable in accordance with GE Specification 22A9424. Equipment Calibration sheets
can be seen in Appendix I.

*Added Tcst Summary and Conclusion and "Tcst Duration" to Tablc 1.
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Figure I: Test Flange in Test Chamber (Normal Temp. Test)

0
Figure 2: Fittings for Test 1-lance (Normal Temp. Test)
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Figure 3: Metal Seal installed (Normal Temp. Test)

Figure 4: Test Chamber in Environmental Chamber

(Cold Temp. Test)
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Figure 5: Ceramic beads on Test Chamber (Hot Temp. Test)

Figure 6: Test Flange after 450'F Test (Hot Temp. Test)
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1 Il

Figure 7: Elastomer seal after Test (Hot Temp. Test)

Fig ure 8: Test Fixture (Metal Seal Hot Temp. Test)
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Fig'ure 9: -leluinu leak Detector



APPLIED TECHNICAL SERVICES, INCORPORATED

1049 Triad Court, Marietta, Georgia 30062- (770) 423-1400 Fax (770) 424-6415

MATERIALS TEST REPORT
Ref. D 114924 Rev. 1* Date: September 10, 2007 Page 8 of 25

Appendix 1: Calibration Certificates

S n~i~ Vt... at. t).rte'e tirsti

Calibration Certificate for Helium Calibrated Leak

Applied Technical Services lnrc
!049 Triad Ct
Marieta, GA 30012

Account#: 0'11600

Sales Orderf!: 154964

RA#:

VIC Leak Detectiun certifies that the calibrated gas leak listed is Iraceable to the National Institute of StanuJardr andTechnolcoy (NIST) lest numbers 269870-04 or 270640-04. The tota' ULcerlainty in the measurea leak role c this gas
leak standard is less than ±90%- This certification shall not be reprodured exseDt in full.
This instrument is calibrated in accordance with Calibration Procedure No.: 931
Gas: Helrum, Model: SC7. type: Glass permeation, SýN: 0559, Part Nurnber: 137016rtO0

Calibration Date: ;29.12107 Fiij Pressure: 1437 psia Fill Date: 8"29;2007 Reservoir ViLCAre: 75 cc
Calibration lerOerature: 24 'C Linear Temperature Coefficient: 3,0% % per C'

Certified Leak Rate Values

Helium Air
Tracer Gas.: Eqaivalent:

attrrrccisec: 4.83E-08 1.80E-08

mbsr*isaer: 4.89E-08 I t82E.08

Palmrr3,rSec: 4.8SE-09 r .,2E-09

molisec: 2.15E-12 803&-13

Recalibistion ror 10% Fail-Ot Date: 8&25"2008

Note: Air ecuivalent leak rates are calculated only
for moleCulai flow helium cslibrators.

VIC Traceability

Trace SiN: 0001

Trace Model: SC4

Trace Current Date: 02,2008
Uncertaintya: 1000%

Final Inspection By.

As Received Calibrator Status

Aý Received Leak Raýte (atm'ccjsecl. 4.83E-06
As Received leak Rate in CnIibratiorn: IN

AiR Notre

VIC Leak Detection
Oasrnrei5 cnd Ma~rufacturers of Leak Detectors, Ga- Handling Eciiornent, and Cornplert Lea tetectior. Solutri's

2099 Ninth Avenue - Ronkonkoma, New York 11779
Tel 631 737 0900.- Fax 631 737 1541 * sales;vicleakdecection.com * www.eicleakdetection.com

FTA11,O023 Rev.C Approvedi By: Robetrt Wallace Late: 04-/012007
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Leaks Detectiat

CA IIBRA TION CERTIFICA TE
In &cnmplianc,5with

ANSN(NCSL.Z540-l-1994
ISO-10012-1:1992E

Vacuum lostrouertn Corp. ceriific that the caliltted leak referenced below is accurate in accordasi-e with
a measurement technique that comnpares, through the use of a Mass Spectrorneter Leak Detector, each unit
against a primary standar(l, serial nutnber 0,001 a and/or 0003b. Thetse standards are certified ard traceable
to the National dItstitute of Standards and Technology (NIST). The Mass Spectrometer Leak Detector is
eontinuotsiy calibrated and becomes the insirunlent used to ceurify the Calibrated Leak. This instrument is
calibrated in accordance with Calibration Procedure No. 931.

We recommend the Calibrated Leak be retrumed to Vactjuum Instr;nhenr Coiy.
For recalibrnteioni annually.

NOT: aliraed ea s should he~ store tdsipe it ae~c pen.

Model: SC:7 SERIAL NO: 0559

CAL, DATE:08/24/2006 ClftERTIFICATION NO: LO8SO56

rile above sensitivity calibrator has been calibrated as of this date with the following results:

Helium Leak Rate:
0.00432 ± 10% Micron cu.ft"hr.
4.32 x 108_ 108 % Sid. Cc./sec.

Air Leak Rate Through E.quivalent Leak:
0.0016±- 10% Melicrotu cu.fthr.
1.6 x 10-8± 10% Sid. Ccsec,

As Received In or Out of Calibration: IN
As Received As Calibrated

Calibration Tettperature: 26 degrees C

Temperature Coefficient = ± 3% per degree C Leak ratoe decreases less than 5% per year

Final inspection By:n S .

S"u Vntigl MCat t Tectnnirant

rha!t cenficte shn bý rcp s ced ocet ra 5l w~ tine O, r NILen a Fppul f Vacuum tnnotr"em Corp.

a- NS" Tees Nurber: 269O70-04 1- NIST Tust Nbnbnr:n 269,S70.04

Vacuum Instrument CorporationSn.I•;e£•t• Sine /lf.nzh••5•.nenn/ Di rtee•,;. ean , lenn
5

l~l£ ennnin'nnenn. ,Cent Censlnte ,est,¢l I'nnrnn:si.rn• l. 2

2099 Ninth Avenue * Ronkenkoaea, New York 51779
Te 1631 737 0P30 F as 63t 737 154! * 1 '_i[c.SA j._es@'Vac.umunsi co. * wa'w.v -. n.L.t.C-ow

FRMQ023 Rav. C Approved By: Craig O'Connor Dateý &91t)0
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APPLIEED TECHNICAL SERVICES, INCORPORAFED
1280 Field Park --ay, Marietta, .A 30066 (770) 514-328-

.....mer .• . [ ........ ..• ..S .... .... .... .. ......... ... ......... .... .........

.............. O t ... .. . . ......... M o e N : Jg L ......................... ..... . ....w P • .. ........... .... . e ....... ....... ..

CALIBRATION DATA SHEFET Page2_t.

Item~~~ Na.....2'~A~T/J~1T~Asc o ~f ~~ ATS Reference N. / /' '

Manufacturer: .. Model No:. ___ Proc. NwOp. Y Izcv,: 2.

Serial No: 1 - Date of CaIlibration: •//'" Z Calibration Due: '/-A- OP ..

Reason For Service: Initial Calibration O Due For Calibration Repair and Calibration

Equipment Used ( ' .

Due:

-~ ~ fle ---. ------ - ------- - - -,,: --.-.-.------.-.-. -.-.. -.--. --.. --.--- D u k,: ...... ... . . ........ ... ... .. . ... . .

.............. . . ....... . D we ...... .... ....... . ................. . .... .Ithe:

Due:

Calibriated by: , _.._ .-. . . .

6 /?Jm -9ý-
.......... . ............
.......... .. ...................

...... .... .. ...............

................ .. ....
. ...............

Al I i , nui en in ci 5

UINCL3TI NTY FR. N(TION APP'LIED) TOLERANCE.AS FOUND AS CALI7$
(SET NOTE) AND READING REFAM

R.ANGE

11 ypt K 0,00000 .0
............. .......-.-. . .....-...-- _____ .--..-......

w0I15.00.C14 16 c54 1591.

-.- . _. I .-.-.... ........

S~...r..1 250,0000 C 124175- 1255.25 1250

NGC

493

15C

0
']Ji-=tte ou cfwaltrancc road-ngs.

R~',arks .Masurc~raT~cer~iuiv rtepad at wvtvqcg factor K -~ 5or 95% ccdi~detr,c Imell.
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APPLIED TECHNICAL SERVICES, INCORPORATED

CALIBRATION DATA ShEET Page 1 of I

Customer: ATS - Materials Testing. Purchase Order No.: N/A

Itern Name: Dial Torque Wrench Asset No. ATS - 094.2 ATS Reference No.: N/A&

Manufacturer: CDI Model No,.: 6002LDIN Pro,. No.: 522 Rev.: 4

Serial No.: ATS--0942 Calibration Date: 11110/06 Calibration Due Date: 11/10.07

Reason For Service: I initial Calibration [ Due For Calibration [] Repair and Calibration

Equipment Used:

Calibrated By:

ATS-4070C Due: 1/5/07

Due:

Due:

Due:

Due:

Toroue Transducer. 4 in I Unit

Customer Instrument Under Test

UNCERTAINTY RANGE AT'S STANDARD TOLEPKA'NCE AS FOUNID AS CALIBRATED
(SEE NOTE) .REAI:)ING READING

ln1-Lbs In-Lbs ln-Lbs ln-Lbs In-Lbs In-.Lbs

0.7% 0-600 120.000 ± 2% of Reading 121.8 Same As - As Found

S0.7% CW 240.000 ± 2% of Rcading 243.6 Same As - As Found

S 0.7% 360.000 2' 2% of Rcadij, 363.8 Same As . As Found

1: 0.7% ,180.000 ± 2% of Rcadine 484.1 Same As -As F"ound
± 0.7% 600.000 = 2% of Readixrg 606.8 Same As .. As Found

± 0,7% 0-600 120.000 0 2% of Reading 119.7 Same As-- As Found.
-0.7% CCW 240.000 { ± 2% ofReading 239.A Same As - As Found

± 0.2% . ... 360.000 ± 2% ofReadiug ' 352.9 Same As - As Found

0.7% 480.000 I 2% of Reading 478.2 Same As - As Found

10.7% 600.000 = 2% of Reading 597.6 Same A5 -As Found

* indicates out of tolerance readings.

Remarks: Measurement Uncertann toported at coverage facior K =2 or 95% confidence level.
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APPLIED TECHNICAL SERVICES, INCORPORATED

1280 Field Parkway. Marielta, Georgin 31066•, 0770) 514-3288 Fax (678) 819-1055

CALIBRATION DATA SHEE Page" of 2

Custor•er: ATS Material Testing Purchase Order No.: N/A

Item Name: Temperature Meter Asset No.: ATS-01921 ATS Reference No.: ATS-01921

Manufacturer: Omega Model No,: BS6000A Ir'c, No.: 1021 Rev.: I
Serial No.: 28988 Calibration Date: 6-22-06 Calibration DueDate: 6-22-07

Reason For Service: [ Initial Calibration El Due For Calibration [] Repair and Calibration

Equipment Used: ATS-4248 l)ue: 9-20-06 rMultiproduct Calibrator

Due:
Due:
Due:
Due:

Due:

Calibrated By: - - a "

Customer Instrument Under Test

UFUNCIION -NCERTAINTY AND APPLIED "01 ANCE AS FOUND) AS CALIBRATED
_NOTE ) RANGE RKEADING READING

±O331F Type "K" -200'F ±3'F -202.0 -202.0
±0.33F -328 to 2502T1F -100l F ±y3- -101.6 -101 Cr

±0.1 ISF -506F ±3°F - t .55-5 1.5
±0.36'F 0.OT'F +3 F -1.3 -1.3
±0.16°F 100_F ±1.51F 9839 9S.9
±0--3C.26°F 400F• ±t1.5F 398,8 3,9 &S

+0.261F 800F ±1.5 99.1 99,1
±0.261F 12001F ±1. 5F 1199 1199
+026F 1600F ± 1.5TF 1600 1600
±0.26TF 2000F ±1.F 2000 2000
+0.2 7TF Type "Y' -2001F ±3°F -201.2 -201)2

±0,166F -328 to 2192TF -lIOT ±ST -101.1 -101.1
±0. I 61F -50OF ±3°F -51.2 -51.2
±0,14'F 0.0OF ±31F -. 1 -1.1
±-0.14'F , 100F ±1.51F 99.0 99,0
_0, 177 1O 4100I: ±1.5F 399,0 399
±0.23T I "_ SOOT ±!.t S 799.2 799.2
±0.231F _ _1200'F ±I.T 1199 1199
±0.23TF 1600'F 1.5 1600 1600
=0.23 •F ±1.5_F 2001 12001

* Indicates out of toleranc readhngs.

Remarks: Measutment Uncenainty reported at coveragre factor K = 2 or 95% confidence level.

A'.'S 528, 1 03



APPLIED TECHNICAL SERVICES, INCORPORATED

1049 Triad Court, Marietta, Georgia 30062- (770) 423-1400 Fax (770) 424-6415

MATERIALS TEST REPORT
Ref. D 114924 Rev. 1* Date: September 10, 2007 Page 13 of 25

APPLIED TECHNICAL SERVICES, INCORPORATED

1280 Field 1'arkway, Mnrietta, Georgia 30066 - (770),514-3288 Fax (678) 819-105s

CALIBRATIONI DATA SHEET Page 2 of 2

Customer: ATS MatcriaI Tesiin _ Pmebase Order No.; N/A

liem Name: Temperature Meter Asset No.: ATS-01921 ATS Reference No.: ATS-0192J

Mamyfacturer: Omega Model No.: BS6000A Proc. No.: 1021 Rev.:_

Seial No.: 28988 Calibration Date: 6:22-06 Calibration Due Date: 6-22-07

Customer Instrument Under Test

UNCER-TAINTY FUNCTION ASFUD A NTRVEAND APPLIED TOLERANCE
(SEE NOTE) RANGE READING RE EADDING

±0.63'F Type "T" -200'F ±3*F -201.7 -201.7

±0.24'F -328°F to 752°F -I0"
0

F ±3
0

F -101,4 -101.4

±0.24'0F -501F -3°F -51A4 -51.4

±0.167F 0.F ±31F -1.3 -1.3

±0.160F 50
0

F +15F 48.7 48.7

±0,I 6_F_ lO0° ±1.50F 98.9 9.9
±+0.14-F 200'F I 198.9 198.9

±0,14°F 400°F ±1.5 F 399.1 399.1

±O.14 F 600'F ±1.59F 599.3 599.3
±0.141F 7001F +_,1 699.3 699.3

. ..... . .. .. .. .. .

... .... .... ..

0

0* Indicates out oftolerance readings.

Remarks: Measurement Uncertainty reported at coverage factor K = 2 or 95% co.Tidence level.

AI'S 529. 1t L03
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0 MEMO= APPLIED TECHNICAL SERVICES, INCORPORATED

CALIBRATION DATA SHEET Page I Of I

Customer; ATS MET Purchase Order No.: N/A
Item Name: Pressure Gaut e Asset No.: ATS- 01347 ATS Reference No.: NWA

ManufaIcturcr: USG Model No.: 0 - 200 PSI Proc. No.: 517 Rev.: 4

Serial No.: ATS -0 01347 Calibration Dale: 07/3(1/07 Calibration Due Dale: 07/30/08

Reason For Service: E] Initial Calibration [ Due For Ca i bration [] Repair and Ca libration

J.'quIilptflCt Usied: ATS-O 14010 Due:
Due:

Due:

D)ue:

Due:

02/02/08 I-i h Ranae Presmure Calibrator

Calibrated By:

UNCERTAINTY
(SE f. NOTE)

PSI

+/-0. I% of Rdg
+/-0. 1% of Rd g

RANGE

PSI

0-200

ATS STANDARD

PSI

TOLERANCE

PSI

A S FOUAJNDI
READI)N(.i

PSI

AS CALIBRATED )
READING

410.00 ± 0.5% of F.S. 40 Same As As Found

+ I- 0 , 11 o f R dg

" I'-. 1%' of Rdl a
+/-0.,% of ,dg

80.00 ± 0.5% oIfF.S. 80 Samn As As Found

120.00 ± 0.5% of F.S. 121 Sante ali As Found

160.00 0.5% ofF .S. 161 S'lamc As AS Found
200.00 + 0.5% of F.S, 200 Same As A-,, Found

I

1~ -- -- I + F +

-j ....

- + F 4

I + F F

_________________ ____.----- F -4-

md rnat.ies ritofl t['olerance read i n~s.

Retnmrks: Nlcasurement Unceratnitv reported at co-cra.e factor K =2 or 95% confidenrce level.
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APPLIED TECHNICAL SERVICES, INCORPORATED

CALIBRATION DATA SHEET Page I of 3

Custonme• ATS Materials Testing Purchase OrderNo.: N/A

Iten Name: Hear Treat Console Asset No.: ATS-02408 ATS Referenimc No.,: N/A

Manufact:urer: Mannings USA. ModelNo.: 16126 - Proc, No.: 1013 Rev.: 2................. 2_

Serial No.: 072991 Calibration Date: 06-06-07 Calibration Due Date: 12-06-07

Reason For Sert.ice: [ initial Calibration E Due For Calibration t Repair and Calibration

Equipment Used: ATS 01848 Due:
Due:
Due:
Due:
Due:

Due:

Calibrated By: JefJL Cook.

10-27-07 Process C a:.ibrator

Customer Instrument Under Test

U NCERTAINTY
(SEE NOTE)

0.3 IF

0.3 "F
0.3 'T

FUNCTION
AND

IRANGE

Load TC 1.
Load TC I
Load TC 1

APPLIED

25(0.0
500.)
1000.0

TOLERANCE

247 to 253

AS FOUND
READrfNG

249

AS CA.113i 1RATED
READING

249

499,497 to 503

997 to 1003

499
10(00 lOOO __

0.3 IF Load TC t 1500,0 1497 to 1503 1501
03 "F Load TC 2 250.0 247 to 253 250

i +

-1501

250
500

1000

0.3 '1F Load TC 2 500,0 497 to 503 500
0.3 IF load TC 2 1000.0

1500.0
997 to 1003 10(00(0

0.3 IF Load TC 2 1497 to 1503 1501 1501
0.3 'F Load TC 3 250.0 247 to 253 250 250

0.3 OF Load TC 3 500.0 497 to 503 499 499

0.3 OF Load TC3 1000.0 997 to 1003 1500 1_ _ _
0.3 'F Load TC 3 1000.0 997 to 1003 1500 1000

0.3 OF Load TC 4 250.0 247 to 253 250 1 250

03 IF Load TC 4 500.0 497 to 503 500 500

0.3 "F Load TC 4 1000.0 997 to 1003 1001 1001

0.3 'F Load'rC 4 1500.0 1497 to 1503 1501 1501

0.3 'F Load TC 5 250.0 247 to 253 250 . 250

0.3 'F Load TC 5 500.0 497 to 503 500 500

0.3 F LoadTC 5 1000.0 997 to 1003 1001 1001

0.3 '" Load TC 5 1500.0 1497 to 1503 . 1501 .501

Indicates out of tolerance readines.

Remarks: Measurement Uncertainty reported at coveraae factor K = 2 or 95% confidence level.

ATS 525, 84-02
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APPLIED TECHNICAL SERVICES, INCORPORATED

CALIBRATION DATA SHEET Page 2 of 3

Customer: AIS Meterials restinoi Purchase Order No,: N/A

Item Name: Heat Treat Console Asset No,: ATrS-02408 ATS Reference No.: N/A

Manufacturer: Mannings USA ModelNo.: 16126 Proc No.: 1013 Rev.: 2

Serial No.' 072991 Calibration Date: 06-06-07 Caiibration Due Date: 12-06-07

CusTomer Instrument Under Test

FUNCTION - O
UNCERTALNTY AN APPLIED TOLEkNCAS CAL ATD

(SEE NOTE) RANGE RADING R__ADING

L0.3 oF Lad TC 6 250.0 247 to 253 250 250
0.3 IF LoadTC 6 500.0 497 to 503 500 500
0.3 IF Load TC 6 1000.0 997 to 1003 1001 1001

0 1500.0 1497 to 1503__ 100
0.30

F i LoadTC6 1500.0 1497 to 1503 1501 1501

0_3 _F Recorder TC 1 250.0 247 to 253 250 250
0.3 IF Recorder'rC I 500.0 497 to 503 1 500 500

0.3 IF RecorderTC I 1000.0 997 to 1003 1000 -. 1000
0.3 IF Recorderl'C 1 1500.0 1497 to 1503 1500 1500

0.3 IF RecorderTC 2 250.0 247 to 253 250 250

0.3 IF RecorderTO 2 500.0 497 to 503 500 500

0. 3 F Recorder TC 2 1W010.0 997 to 1003 999 999

03 F Recorder TC 2 1500,(1 1497 to 1503 1500 1500

03 'F Recorder TC 3 250.0 247 to 253 250 250
0.3 IF Recorder TC 3 500.0 497 Lo 503 500 500

0.3 IF Recordcr TC 3 1000.0 997 to 1003 1000 1000
0.3 IF Recorder TC 3 1500.0 1497 to 1503 1500 1500

03 1., Recorder'rC 4 250.0 247 to 253 250 250

03 'F Recorder TC 4 500.0 497 to 503 500 500
03 oI Rec•rder TC 4 1000.0 997 to 1003 1000 1000

0.3 IF Recd,.r TC 4 1500.0 1497 to 1503 1500 14500

0.3 OF RKcerderTC O 250.0 247 to 253 250 250

0.3 'F Recorder TC 5 500.0 497 to 503 50 500

0.3 IF RecorderTCS 1000.0 997 to 1003 1000 1000

0.3 IF Recorder TC 5 1500.0 1497 to 1503 1500 1500

0.3 'F I Recorder TC 6 250.0 247 to 253 250 250

0.3 IF -Recorder TC 6 500.0 497 to 503 500 500

0 F3 IF RecorderTC 6 1000.)0 997 to 1003 999 .999

0.3 F Recorder TC 6 1500.0 1497 to 1503 9500 1500
_ _ _ _ _ ._ _ ] _ _ _

. ........ ... - ------
* Indicates out of tolerance readings,.

Remarks: Measurement Uncertainty reported at covera.e factor K - 2 or 95% conidence level.

ATS 529, 09/i)3
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APPLIED TECHNICAL SERVICES, INCORPORATED

CALIBRATION DATA SHEET Page 3 of 3

Customcr: ATS Meterials Testing Purchase Order No.: N/A

Item Name: Heat Treat Console Asset No.: ATS-02408 ATS Reference No.: N/A

Mlaufacturer: Maimings USA Model No.: 16126 Proc. No.: 1013 Rev.: 2

Serial No.: 072991 Calibration Date: 06-06-07 Calibration Due Date: 12-06-07

Customer Instrument Under Test

I..CRAINTY APPliED OLRANCE AS FOUND AS CAIABRATED
(SEE NOTE) RANDLE O READING READING

0.3 OF Recorder 'TC 7 250,0 247 to 253 250 250
0.3 °F Recorder'lrC[7. 500,0 497 to 503 ....... 500 5... 50)
03 'V Recorder TC7 1 1000,0 997 to 1003 1001 to01

03 IF Recorder T. 7 1500(0 1497 to 1503 1501 150t

03 IF Recorder Tc - 250.0 _ 247 to 253 250

0.3 °1 Recorder TC 8 500.0 497 to 503 500 500
03 1 F" Rcecorder TC S 1000(0 997 to 1003 1000 1000

0.3 OF RceorderTC 9 1500.0 1497 to 1503 1500 1500
0.3 IF RccorderTC 9 250.0 247 to 253 250 250

0.3 OF Recorder TC.9 500.0 497 to 503 500 500

03 ýF Recorder TC 9 1000,(1 997 to 1003 999 999

0.3 __F Recorder TC 9 1500.0 1497 to 1503 1500 .150

03 TF R M't1orrT it) 250.0 247 to 253' 250 250

0. 3 0
F Kevord•r TC t0 500.0 497 to 503 500 5 00

0-1 OF Recorder re 10 1000.0 997 to 1003 1000 1000

0.3 OF RecorderTC 1o' 1500.0 1497 to 1503 1500 1500

03 OF RecorderTC Ii 250.0 247 to 253 250 250

0.3 'F Recedner'r It 500.0 497 to 503 , 500 500

0.3 C'F RecorderTC I t 1000.0 997 to 1003 1000 1000

0.3 IF Recoder "C It 1500.0 1497 to 1503 1500 1500

0.3 'F Recorder TC 12 250.0 247 to 253 250 250

0.3 OF RecotderTC 12 500.0 497 to 503 500 500

0.3 IF Reeorder!C 12 1000.0 997 'o 1003 1000 1000

03 IF Recoeder'r'c t2 1500.0 1497 to 1503 1500 1500

11

* Indicates out of toletance readi6gs.

Remarks: Measurement Uncertainty repored at coverase factor K - 2 or 95% confidence level.

ATS 529. 09/03
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Appendix 2: Test Procedure

LEAK TEST PROCEDURE
For H-309352 (Latest Revision) & H-309353 (Latest Revision) Test Coupons

1. SCOPE
1.1. This specification defines the requirements for AOS Package Cask Seal Testing, metallic and

elastomeric materials.
1.2. The test must be completed by a Garlock Helicoflex approved testing facility.
1.3. Applicable Drawings & Specifications.

1.3.1. Garlock Helicoflex Drawings
1.3.1.1 .H-309352 Latest Revision
1.3.1.2.H-309353 Latest Revision

1.3.2. Specifications:
1.3.2.1.GE Specification 22A9424, "AOS Packages Cask Seals, Metallic and Elastomeric

materials."
1.4. Responsibility

1.4.1. The GHx is Responsible for compliance with all the requirements set forth in the
specification. Deviation from this specification shall be acceptable only with the written
approval of the GE.

2. REQUIREMENTS
2.1. Quality Assurance
2.2. Service Requirements
2.3. Material

2.3.1. The materials for each component shall be in accordance with the requirements specified
oln the fabrication drawing.

3. TEST for H-309352 Latest Revision (Metal)
3.1. Coupons

3.1.1. The coupon for the metal seal will be H-309646 Latest Revision. The materials used in the
construction of the seal must be the same heat lots as that ofH-309352 latest revision.

3.2. Test Fixture and Installation
3.2.1. The test fixture will conform to the drawing in Appendix A.
3.2.2. Clean groove cavity with IPA and lint free towels.
3.2.3. Install Seal into groove cavity.
3.2.4. Torque bolts in star pattern. Torque guideline is 24 ft-lbs. Apply 7 ft-lbs in first pass, 16

ft-lbs in second pass, and 22 ft-lbs in 3 rd pass. Make one complete revolution of the bolt
circle at 24 ft-lbs to ensure even application.

3.3. Test Setup
3.3.1. The test equipment shall be setup as required in Appendix B.

*Added Appcndix B: Test Procedure



APPLIED TECHNICAL SERVICES, INCORPORATED

1049 Triad Court, Marietta, Georgia 30062- (770) 423-1400 Fax (770) 424-6415

MATERIALS TEST REPORT
Ref. Dl 14924 Rev. I* Date: September 10, 2007 Page 19 of 25

3.4. The tests are designed to establish leak tight capability of the seal in an environment ranging from
-40 'F to 800 'F with a pressure differential ranging from I to 2 atmospheres.

3.4.1. Qualification tests shall be performed and the results recorded on the Seal Environment
Test Record found in Appendix C. Tests should be conducted for the required test duration
as required by the following environmental conditions:

3.4.1.1 .NORMAL Environment
Temperature
Pressure
Media
Test Duration
Pass Fail Condition:

3.4.1.2.HOT Environment
Temperature
Pressure
Media
Test Duration
Pass Fail Condition:

3.4.1.3.COLD Environment
Temperature
Pressure
Media
Test Duration
Pass Fail Condition:

70 °F (+5 °F)
30 psi (+1 psi) across seal
Helium
3 to 5 minutes
2.0 x 10-7 cc/sec He @ 770 F

800 °F (+5 °F)
15 psi (±1 psi) across seal
Helium
3 to 5 minutes
3.1 x 10-7 cc/sec He @ 800' F

-40 -F (±10 °F)
15 psi (+1 psi) across seal
Helium
3 to 5 minutes
2.4 x 10-7 cc/sec He @ -40" F

4. TEST for H-309353 Latest Revision (Elastomer)
4.1. Coupons

4. 1. 1. The coupon for the elastomer seal will be H-309353-5 Latest Revision. O-Ring may be
spliced and vulcanized. O-Ring must be from the same lot of material as supplied/brt
Assembly H-309353 latest revision.

4.2. Test Fixture
4.2.1. The test fixture will conform to the drawing in Appendix A.
4.2.2. Clean groove cavity with IPA and lint free towels.
4.2.3. Install Seal into groove cavity.
4.2.4. Torque bolts in star pattern. Torque guideline is 18 ft-lbs. Apply 6 ft-lbs in first pass, 10

ft-lbs in second pass, and 16 ft-lbs in 3 rd pass. Make one complete revolution of the bolt
circle at 18 ft-lbs to ensure even application.

4.3. Test Setup
4.3. 1. The test equipment shall be setup as required in Appendix B.
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4.4. The tests are designed to establish leak tight capability of the seal in an environment ranging from
-40 OF to 400 OF with a pressure differential ranging from 1 to 2 atmospheres.

4.4.1. Qualification tests shall be performed and the results recorded on the Seal Environment
Test Record found in Appendix B. Tests should be conducted for the required test duration
as required by the following environmental conditions:

4.4.1.1 .NORMAL Environment
Temperature
Pressure
Media
Test Duration
Pass Fail Condition:

4.4.1.2.HOT Environment
Temperature
Pressure
Media
Test Duration
Pass Fail Condition:

4.4.1.3.COLD Environment
Temperature
Pressure
Media
Test Duration
Pass Fail Condition:

70 °F (±5 °F)
30 psi (±1 psi) across seal
Helium
3 to 5 minutes
2.0 x 10-7 cc/sec He @ 770 F

450 OF (±5 °F)
15 psi (±+ psi) across seal
Helium
3 to 5 minutes
2.6 x l0-7 cc/sec He @ 4000 F

-40 °F (+10 °F)
15 psi (±1 psi) across seal
Helium
3 to 5 minutes
2.4 x 10-7 cc/sec He @ -40' F

Reviewed and Approved:

Kevin Ezell
Sr. Applications Engineer

Date: Jim Powell
Quality Assurance Manager

Date:
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APPENDIX A: Test Flange
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Appendix B: Test Setup Diagram

I

/-OVEN I TEST CHAMBER

I-VACUUM BOX

AinaP9,OV~D.ORWOMtfl.N3Q~ft&WAfl~tNCrIa.WJ~GflatY, 4,flnhflCW~Ct~t(MCOrfltflft.AJOSWTflUWtLSThCI tCtflftfl tMC~

0

-PRESSURE GAGE

--HELIUM IN

B

-LEAK
DETECTOR
W/ VACUUM PUMP

~9C~FE~

CHELIC OFLEX

-Aý~ OUTLINE OF LEAK TEST
________ SETUP FOR H-309352 & H-309353

.03, **~ IY~.~IIEY 56257 rrlc~
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Appendix C: Seal Environment Test Record

SEAL ENVIRONMENT TEST RECORD

Serial or ID Calibration Due Date Performer QA Date
No Date Rep.

Equipment Calibration
Records
Torque Wrench
Pressure Gage
Thermocouple

Test Setup Records
Seal No.

Torque Value ft-lb
He Pressure Value psig
Seal Temperature Value

Results

Requirement
He Elapsed Time In: Test:

Leak Rate atm cc/sec

Remarks:

Name Initial

Performer
QA Representative



4.5.2 Analysis of Cask Closure Bolts by NUREG/CR-6007

PROGRAM MAIN
C
C ANALYSIS OF CASK CLOSURE BOLTS BY NUREG/CR-6007

C

C

C

C ********* DEFINITION OF VARIABLES *********

C

C AB - COEFFICIENT OF THERMAL EXPANSION FOR BOLT

C AC - COEFFICIENT OF THERMAL EXPANSION FOR CASK WALL

C ACCI - IMPACT ACCELERATION DUE TO CG/CORNER DROP

C AL - COEFFICIENT OF THERMAL EXPANSION FOR LID

C AVA - AXIAL VIBRATION ACCELERATION

C AVT - TRANSVERSE VIBRATION ACCELERATION

C ACCI - IMPACT ACCELERATION DUE TO CG/CORNER DROP

C BCF - BOLT CLAMPING FORCE

C BD - BOLT DISPLACEMENT

C BL - BOLT LENGTH

C BXA - BOLT X-SECTION AREA

C CET - CODE EVALUATION TYPE: 1-NORMAL, 2-ACCIDENT

C DB - NOMINAL BOLT DIAMETER

C DLB - LID DIAMETER AT BOLT CIRCLE

C DLI - LID DIAMETER AT INNER EDGE

C DLO - LID DIAMETER AT OUTER EDGE

C DPNB - DOUBLE PRECISION VALUE OF NB

C DYLF - DYNAMIC LOAD FACTOR (1.0-1.5)

C DLG - LID DIAMETER AT GASSKET

C EB - YOUNG'S MODULUS FOR BOLT

C EC - YOUNG'S MODULUS FOR CASK

C EL - YOUNG'S MODULUS FOR LID

C ELF - YOUNG'S MODULUS FOR LID FLANGE

C FAi - BOLT TENSILE FORCE

C FCF - FLANGE COEFICIENT OF FRICTION

C FFi - LID EDGE FORCE

C FSi - BOLT SHEAR FORCE

C FSO - FATIGUE STRESS FOR OPERATING CONDITIONS

C FSV - FATIGUE STRESS FOR VIBRATIONS

C GB - GASKET SEATING WIDTH (ASME BPV CODE, SECT III, APP E)
C GM - GASKET FACTOR (ASME BPV CODE, SECT III, APP E)

C GY - GASKET SEATING STRESS (ASME BPV CODE, SECT III, APP E)

C MFi - LID EDGE MOMENT

C NB - NUMBER OF BOLTS

C NTI - NUMBER OF BOLT THREADS / IN

C PCI - INSIDE PRESSURE AT CASK WALL

C PCO - OUTSIDE PRESSURE AT CASK WALL

C PLI - INSIDE PRESSURE AT LID

C PLO - OUTSIDE PRESSURE AT LID

C PUNC - PUNCTURE LOAD

C Q - PRELOAD TORQUE

C QK - NUT FACTOR FOR PRELOAD TORQUE

C SM - Sm STRESS

AOS Radioactive Material Transport Packaging System Safety Analysis Report 4-69
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C SY - Sy STRESS
C Su - Su STRESS

C TC - THICKNESS OF CASK WALL

C TEMPB - TEMPERATURE CHANGE ACROSS BOLT

C TEMPC - TEMPERATURE CHANGE ACROSS CASK WALL

C TEMPL - TEMPERATURE CHANGE ACROSS LID

C TEMPLI - TEMPERATURE AT INSIDE OF LID

C TEMPLO - TEMPERATURE AT OUTSIDE OF LID

C TL - THICKNESS OF LID

C TLF - THICKNESS OF LID FLANGE

C TMi - BOLT TORSIONAL MOMENT

C VTR - VIBRATION TRANSMISSIBILITY FACTOR BETWWEN SUPPORT & CASK

C WC - WEIGHT OF CASK CONTENTS

C WCK - TOTAL WEIGHT OF CASK

C WL - WEIGHT OF CASK LID

C XIB - BOLTS AREA MOMENT OF INERTIA / CIRCUMFERENCE OF BOLT CIRCLE

C XIDROP - ANGLE OF IMPACT (DEGREES) FOR DROP

C XIPUNC - ANGLE OF IMPACT (DEGREES) FOR PUNCTURE

C XNUC - POISSON'S RATIO FOR CASK

C XNUL - POISSON'S RATION FOR LID

C

C

IMPLICIT REAL*8(A-H,O-Z)

CHARACTER*80 TITLE

C

C

C OPEN INPUT/OUTPUT FILES

C

OPEN(5,FILE='CASKBOLT.DAT')

OPEN(6,FILE='CASKBOLT.OUT')

OPEN(1,FILE=TEMP.DAT')

C

C

C READ & ECHO DATA

C

READ(5,'(A)') TITLE

WRITE(6,'(/,A,//)') TITLE

WRITE(6,'(//,44H *************** INPUT DATA ****************))

C

CALL DATA(DPNB)

NB=INT(DPNB)

CALL DATA(DLB

CALL DATA(DLG

CALL DATA(DB

CALL DATA(DLI

CALL DATA(DLO

CALL DATA(TL-

CALL DATA(TLF

CALL DATA(TC

CALL DATA(BL

CALL DATA(XIB

C

WRITE(6, ' (IH )
WRITE(6,10) NB,DLB,DLG,DB,DLI,DLO,TL,TLF,TC,BL,XIB

4-70 AOS Radioactive Material Transport Packaging System Safety Analysis Report
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10 FORMAT(43H NUMBER OF BOLTS ...........

43H

43H

43H

43H

LID DIAMETER

LID DIAMETER

NOMINAL BOLT

LID DIAMETER

AT BOLT CIRCLE

AT GASKET ...

DIAMETER .....

AT INNER EDGE

AT OUTER EDGE

LID ..........

LID FLANGE ...

43H LID DIAMETER

43H THICKNESS OF

43H THICKNESS OF

........... (NB),112 /,

......... (DLB),E12.5,/,

.......... (DLG),E12.5,/,

........... (DB),E12.5,/,

.......... (DLI),E12.5,/,

.......... (DLO),E12.5,/,

........... (TL),E12.5,/,

.......... (TLF),E12.5,/,

........... (TC),E12.5,/,

........... (BL),E12.5,/,

......... (XIB),E12.5

43H THICKNESS OF CASK WALL ....

43H BOLT LENGTH ...............

43H BOLT MOMENT OF INERTIA / CII

C

CALL

CALL

CALL

CALL

CALL

CALL

CALL

CALL

CALL

CALL

DATA(EL

DATA(ELF

DATA(EC

DATA(EB

DATA(XNUL)

DATA(XNUC)

DATA(AL

DATA(AB

DATA(AC

DATA(FCF

C

WRITE(6,' (lH )')

WRITE(6,20) EL,ELF,EC,EB,XNUL,XNUC,AL,AB,AC,FCF

20 FORMAT(43H YOUNG'S MODULUS FOR LID .....

43H

43H

43H

43H

YOUNG'S MODULUS FOR LID FLANG]

YOUNG'S MODULUS FOR CASK ....

YOUNG'S MODULUS FOR BOLT ....

POISSON'S RATIO FOR LID .....

......... (EL),E12.5,/,

E ...... (ELF),E12.5,/,

......... (EC),E12.5,/,

......... (EB),E12.5,/,

....... (XNUL),E12.5,/,

....... (XNUC),E12.5,/,

......... (AL),E12.5,/,

......... (AB),E12.5,/,

......... (AC),E12.5,/,

N ...... (FCF),E12.5

43H POISSON'S RATIO FOR CASK ....

43H LID THERMAL EXPANSION COEFF

43H BOLT THERMAL EXPANSION COEFF

43H WALL THERMAL EXPANSION COEFF

43H FLANGE COEFFICIENT OF FRICTIOD

C

CALL DATA(PLI)

CALL DATA(PLO)

CALL DATA(PCI)

CALL DATA(PCO)

C

WRITE(6, ' (IH )')

WRITE(6,40) PLI,PLO,PCI,PCO

40 FORMAT(43H INSIDE PRESSURE AT LID .......

43H OUTSIDE PRESSURE AT LID ......

43H INSIDE PRESSURE AT CASK WALL

43H OUTSIDE PRESSURE AT CASK WALL

....... (PLI),E12.5,/,

....... (PLO),E12.5,/,

....... (PCI),E12.5,/,

....... (PCO),E12.5

C

CALL DATA(TEMPL

CALL DATA(TEMPB

CALL DATA(TEMPC

CALL DATA(TEMPLO)

CALL DATA(TEMPLI)

C

AOS Radioactive Material Transport Packaging System Safety Analysis Report
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WRITE(6,' (1H )')

WRITE(6,50) TEMPL,TEMPB,TEMPC,TEMPLO,TEMPLI

50 FORMAT(43H TEMPERATURE CHG ACROSS LID ......... (TEMPL),E12.5,/,

43H TEMPERATURE CHG ACROSS BOLT ........ (TEMPB),EI2.5,/,

43H TEMPERATURE CHG ACROSS WALL ........ (TEMPC),E12.5,/,

43H TEMPERATURE AT OUTSIDE OF LID .... (TEMPLO),EI2.5,/,

43H TEMPERATURE AT INSIDE OF LID ..... (TEMPLI),E12.5

C

CALL DATA(WC

CALL DATA(WL

CALL DATA(XIDROP)

CALL DATA(ACCI

CALL DATA(DYLF

C

WRITE(6,'(lH )')

WRITE(6,60) WC,WLXIDROP,ACCI,DYLF

60 FORMAT(43H WEIGHT OF CASK CONTENTS ...
43H WEIGHT OF CASK LID ........

43H DROP ANGLE OF IMPACT, deg

43H CG/CORNER IMPACT ACCEL, g

43H DYNAMIC LOAD FACTOR .......

........... (WC),E12.5,/,

........... (WL),E12.5,/,

...... (XIDROP),E12.5,/,

......... (ACCI),EI2.5,/,

......... (DYLF),E12.5

C

C

C

C

CALL DATA(PUNC

CALL DATA(XIPUNC)

WRITE(6,' (lH )')

WRITE(6,70) PUNC,XIPUNC

70 FORMAT(43H PUNCTURE LOAD ...................... (PUNC),EI2.5,/,

43H PUNCTURE ANGLE OF IMPACT, deg ... (XIPUNC),E12.5

CALL DATA(AVA)

CALL DATA(AVT)

CALL DATA(VTR)

WRITE(6,' (lH )')

WRITE(6,80) AVA,AVT,VTR

80 FORMAT(43H AXIAL VIBRATION ACCELERATION ......... (AVA),E12.5,/,

43H TRANSVERSE VIBRATION ACCELERATION ... (AVT),E12.5,/,

43H VIBRATION TRANSMISSIBILITY FACTOR ... (VTR),EI2.5

CALL DATA(Q

CALL DATA(QK)

CALL DATA(GB)

CALL DATA(GY)

CALL DATA(GM)

C

C

WRITE(6,' (lH )'

WRITE(6,90) Q,QK,GB,GY,GM

90 FORMAT(43H PRELOAD TORQUE ........................ (Q),E12.5,

43H NUT FACTOR FOR PRELOAD TORQUE ......... (QK),E12.5,

43H GASKET SEATING WIDTH ................. (GB),E12.5,

43H GASKET SEATING STRESS ................ (GY),E12.5,

43H GASKET FACTOR ........................ (GM),E12.5

I,
I,

I,

C
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CALL DATA(SM

CALL DATA(SY

CALL DATA(SU

CALL DATA(CET)

ICET=INT(CET)

C

WRITE(6, ' (IH
WRITE(6,93) SM,SY,SU,ICET

93 FORMAT(43H Sm STRESS ............................ (SM),E12.5,/,

43H Sy STRESS ............................ (SY),E12.5,/,

43H Su STRESS ............................ (SU),E12.5,/,

43H CODE EVALUATION TYPE ................. (CET),I12

C

CALL DATA(FSO)

CALL DATA(FSV)

CALL DATA(XTI)

NTI=INT (XTI)

C

WRITE(6, ' (lH
WRITE(6,92) FSO,FSV,NTI

92 FORMAT(43H OPERATING FATGIGUE STRESS (ksi) ..... (FSO),E12.5,/,

43H VIBRATION FATIGUE STRESS (ksi) ...... (FSV),E12.5,/,

43H NUMBER OF BOLT THREADS / INCH ........ (NTI),I12

N=0

C

100 CONTINUE

IF(N.NE.0) THEN

WRITE(*,110) N

110 FORMAT(///, ERROR IN INPUT DATA LINE',I3,//)

STOP

ENDIF

C

C

C FORCES & MOMENT DUE TO PRESSURE (TABLE 4.3)

C

PIE = 3.141592654

FA_1 = PIE*DLG**2*(PLI-PLO)/(4*DPNB)

FS_1 = PIE*EL*TL*(PCI-PLO)*DLB**2/(2*DPNB*EC*TC*(I.0-XNUL))

FF_1 = DLB*(PLI-PLO)/4.0

FM_1 = (PLI-PLO)*DLB**2/32.0

C

WRITE(6, '(/////,41H ******** BOLT LOADS & STRESSES *********)

WRITE(6,' (//)')
WRITE(6, '(43H BOLT FORCES DUE TO PRESSURE, TABLE 4.3 ) )

WRITE(6,120)

120 FORMAT(52H- ---------------------------------------------------

WRITE(6,'(37H AXIAL LOAD DUE TO PRESSURE ........... E15.5)') FA_1

WRITE(6, '(37H SHEAR LOAD DUE TO PRESSURE ............ E15.5)') FS_1

WRITE(6,'(37H EDGE LOAD DUE TO PRESSURE ............ E15.5)') FF_1

WRITE(6,'(37H EDGE MOMENT DUE TO PRESSURE ........... E15.5)') FM_1

C

C

C FORCES & MOMENT DUE TO TEMPERATURE (TABLE 4.4)

C
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FA_2 = 0.25*PIE*DB**2*EB*(AL*TEMPL-AB*TEMPB)

FS_2 = PIE*EL*TLF*DLB*(AL*TEMPL-AC*TEMPC)/(NB*(I.0-XNUL))

FF_2 = 0.0

FM_2 = EL*AL*TL**2*(TEMPLO-TEMPLI)/(12.0*(I.0-XNUL))

C

WRITE(6 , (//)')

WRITE(6, '(43H BOLT FORCES DUE TO TEMPERATURE, TABLE 4.4

WRITE(6, 120)

WRITE(6,'(37H AXIAL LOAD DUE TO TEMPERATURE......... E15.5)') FA_2

WRITE(6,'(37H SHEAR LOAD DUE TO TEMPERATURE ........ E15.5)) FS_2

WRITE(6,'(37H EDGE LOAD DUE TO TEMPERATURE .......... E15.5)) FF_2

WRITE(6,'(37H EDGE MOMENT DUE TEMPERATURE ........... E15.5)') FM_2

C

C

C FORCES & MOMENT DUE TO CG/CORNER IMPACT (TABLE 4.5)

C

XI = XIDROP*PIE/180.0

FA_3 = 1.34*DSIN(XI)*DYLF*ACCI*(WL+WC)/DPNB

FS_3 = DCOS(XI)*ACCI*WL/DPNB

FF_3 = 1.34*DSIN(XI)*DYLF*ACCI*(WL+WC)/(PIE*DLB)

FM_3 = 1.34*DSIN(XI)*DYLF*ACCI*(WL+WC)/(8.0*PIE)

C

WRITE(6, '(//)')
WRITE(6, '(43H BOLT FORCES DUE TO IMPACT, TABLE 4.5

WRITE(6, 120)

WRITE(6, '(37H AXIAL LOAD DUE TO IMPACT ............. E15.5)) FA_3

WRITE(6,'(37H SHEAR LOAD DUE TO IMPACT ............. E15.5)) FS_3

WRITE(6,'(37H EDGE LOAD DUE TO IMPACT .............. E15.5)') FF_3

WRITE(6,'(37H EDGE MOMENT DUE IMPACT ............... E15.5)') FM_3

C

C

C FORCES & MOMENT DUE TO PUNCTURE LOAD (TABLE 4.7)

C

XI : XIPUNC*PIE/180.0

FA_4 =-DSIN(XI)*PUNC/DPNB

FS_4 = DCOS(XI)*PUNC/DPNB

FF_4 =-DSIN(XI)*PUNC/(PIE*DLB)

FM_4 =-DSIN(XI)*PUNC/(4.0*PIE)

C

WRITE(6,' (//)'
WRITE(6,'(43H BOLT FORCES DUE TO PUNCTURE, TABLE 4.7

WRITE(6, 120)

WRITE(6, '(37H AXIAL LOAD DUE TO PUNCTURE ........... E15.5)') FA_4

WRITE(6, '(37H SHEAR LOAD DUE TO PUNCTURE ........... E15.5)) FS_4

WRITE(6, '(37H EDGE LOAD DUE TO PUNCTURE ............ E15.5)) FF_4

WRITE(6 '(37H EDGE MOMENT DUE PUNCTURE ............. E15.5)) FM_4

C

C

C FORCES & MOMENT DUE TO VIBRATION LOAD (TABLE 4.8)

C

FA_5 = VTR*AVA*WL/DPNB

FS_5 = VTR*AVT*WL/DPNB

FF_5 = VTR*AVA*WL/(PIE*DLB)

FM_5 = VTR*AVA*WL/(8.0*PIE)
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C
WRITE(6, '(//)')

WRITE(6,'(43H BOLT FORCES DUE TO VIBRATION, TABLE 4.8

WRITE(6, 120)

WRITE(6,'(37H AXIAL LOAD DUE TO VIBRATION ........... E15.5)) FA_5

WRITE(6, (37H SHEAR LOAD DUE TO VIBRATION ........... E15.5)') FS_5

WRITE(6, '(37H EDGE LOAD DUE TO VIBRATION ........... E15.5)') FF_5

WRITE(6,'(37H EDGE MOMENT DUE VIBRATION ............ E15.5)') FM_5

C

C

C FORCES & TORQUES DUE TO PRELOAD TORQING (TABLES 4.1 & 4.2)

C

FA_6 = Q/(QK*DB)

TM_6 = 0.5*Q

FA_7 = PIE*DLG*GB*GY/DPNB

TM_7 = 0.5*PIE*QK*DB*DLG*GB*GY/DPNB

FA_8 = 2.0*PIE*DLG*GB*GM*(PLI-PLO)/DPNB

C

WRITE(6, '(//)')

WRITE(6,'(43H BOLT FORCES DUE TO PRELOAD, TABLE 4.1, 4.2))

WRITE(6, 120)

WRITE(6, (37H AXIAL LOAD DUE TO PRELOAD ............ E15.5)') FA_6

WRITE(6, '(37H AXIAL LOAD DUE TO GASKET SEATING.....E15.5)') FA_7

WRITE(6, (37H AXIAL LOAD DUE TO GASKET OPERATION..,E15.5)) FA_8

WRITE(6 '(37H TORQUE DUE TO PRELOAD ................ E15.5)) TM_6

WRITE(6, '(37H TORQUE DUE TO GASKET ................ E15.5)) TM_7

C

C

C TENSILE BOLT FORCE (TABLE 4.9)

C

FA = FAI + FA_2 + FA_3 + FA_4 + FA_5 + FA_6 + FA_8

FAPT = FA_2 + FA_6

FAAL = FA_1 + FA_3 + FA_4 + FA_5 + FA_8

C

WRITE(6, '(//)')

WRITE(6, (43H TOTAL NON-PRYING BOLT FORCES, TABLE 4.9

WRITE(6, 120)

WRITE(6, '(37H TOTAL NON-PRYING AXIAL LOAD ........... E15.5)') FA

WRITE(6,'(37H TEMP & PRELOAD NON-PRYING AXIAL LD..,E15.5)) FAPT

WRITE(6, '(37H AXIAL LOAD LESS TEMP & PRELOAD ....... E15.5)') FAAL

C

IF(FAPT .GE. FAAL) THEN

FAC = FAPT

ELSE

FAC = FAAL

ENDIF

IF(FAC .LT. 0.0) FAC=0.0

C

FFC = FF_1 + FF_2 + FF_3 + FF_4 + FF_5

FM_C = FM_1 + FM_2 + FM_3 + FM_4 + FM_5

C

WRITE(6,'(37H TOTAL EDGE LOAD ...................... E15.5)) FF_C

WRITE(6,'(37H TOTAL EDGE MOMENT .................... E15.5)) FM_C

C
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C
C
C

PRYING TENSILE BOLT FORCE (TABLES 2.1 & 2.2)

Cl = 1.0

C2 = ( 8.0/(3.0*(DLO-DLB)**2)
* EL*TL**3/(I.0-XNUL) + (DLO-DLI)*ELF*TLF**3/DLB

*( BL/( DPNB*DB**2*EB ) )

C

C

C

B = FAPT

IF(FFC .GT. FAPT) B = FF_C

C

FAPC = (PIE*DLB/DPNB)

*( 2.0*FMC/(DLO-DLB) - C1*(B - FFC) - C2*(B - FAPT)

/(Cl + C2)

XKB = (DPNB/BL)*(EB/DLB)*(DB**4/64.0)

XKI = EL*TL**3/

3.0*DLB*( (1.0-XNUL**2) + (1.0-XNUL)**2*(DLB/DLO)**2

BMB = (PIE*DLB/DPNB)*(XKB/(XKB+XKI))*FM_C

C

C

WRITE(6,' (//)')
WRITE(6,'(43H PRYING ACTION FORCES, TABLE 2.1 & 2.2 )
WRITE(6,120)

WRITE(6,'(37H AXIAL LOAD DUE TO PRYING ............. E15.5)) FAP_C

WRITE(6,'(37H BENDING MOMENT DUE TO PRYING .......... E15.5)') BMB

C

C

C TOTAL BOLT LOADS

C

C

C

C

C

C

FAT

FST

BMT

BTT

FAT

FST

BMT

BTT

- TOTAL BOLT AXIAL LOAD

- TOTAL BOLT SHEAR LOAD

- TOTAL BOLT BENDING MOMENT

- TOTAL BOLT TORSIONAL MOMENT

FAC + FAP_C

FS_1 + FS_2 + FS_3

FMC + BMB

TM 6

+ FS_4 + FS_5

C

WRITE(6, '(//)')
WRITE(6, '(43H TOTAL BOLT FORCES

WRITE(6, 120)

WRITE(6, (37H TOTAL BOLT AXIAL

WRITE(6, '(37H TOTAL BOLT SHEAR

WRITE(6, '(37H TOTAL BOLT BENDIN

WRITE(6, '(37H TOTAL BOLT TORSIO]

C

C

C BOLT STRESSES

C

DBA=DB-0.9743/DBLE(NTI)

BXA=PIE*(DBA/2)**2

) I

LOAD ................ E15.5)

LOAD ................ E15.5)

G MOMENT ............ E15.5)

NAL MOMENT ........... E15.5)

FAT

FST

BMT

BTT
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XI=PIE*DBA**3/32

XJ:PIE*DBA**3/16

SIG_AO=FAT/BXA

SIG_AI=SIG_AO+BMT/XI

SIGA2=SIG_A0-BMT/XI

SIGA=SIG_Al

IF(SIGA2 .GT. SIGA) SIGA=SIGA2

SIGCS =DABS(FST/BXA)+DABS(BTT/XJ)

SIG_S0=DABS(FST/BXA)+DABS(BTT/XJ)/2

C

WRITE (6,

WRITE (6,

WRITE (6,

WRITE (6,

WRITE (6,

WRITE (6,

WRITE (6,

WRITE (6,

I (//) I)
'(43H TOTAL BOLT STRESSES

120)

'(37H TOTAL BOLT DIRECT STRESS (+MC/I) .... E15.5)

'(37H TOTAL BOLT DIRECT STRESS (-MC/I) .... E15.5)

'(37H AVE BOLT DIRECT STRESS .............. E15.5)

'(37H TOTAL BOLT SHEAR STRESS ............. E15.5)

'(37H AVE BOLT SHEAR STRESS ............... E15.5)

SIG_Al

SIGA2

SIG_A0

SIG_S

SIG_SO
C

C

C CODE STRESS EVALUATION FOR NORMAL CONDITION (TABLE 6.1)

C

IF(CET.EQ.1) THEN

SM=OO0.0*SM

RT=SIGAO/SM

RS=SIGS/(0.6*SM)

RC=RT**2 + RS**2

RB=SIGA/(I.5*SM)

SE=DSQRT(SIG A**2+4.0*SIG_S**2)

RV=SE/(l.35*SN)

C

WRITE(6, '(//)')
WRITE(6, '(43H CODE EVALUATION FOR NORMAL COND,

WRITE(6, 120)

WRITE(6, '(37H Rt (AXIALSTRESS/Sm) ...........

WRITE(6, '(37H Rs (SHEARSTRESS/0.6Sm) ........

WRITE(6, '(37H RtV+Rs'. ........................

WRITE(6, '(37H VON MISES EQUIVALENT STRESS (Se)

WRITE(6, '(37H Se/l.35Sm ......................

ENDIF

TABLE 6.1)')

..... E15.5)

..... E15.5)

..... E15.5)

.... E15.5)

..... E15.5)

RT

RS

RC

SE

RV

C

C

C CODE STRESS EVALUATION FOR. ACCIDENT CONDITION (TABLE 6.3)

C

IF(CET.EQ.2) THEN

SU1=700.0*SU

SYI=IOOO.0*SY

SA=SUI

IF(SA.GT.SYl) SA=SY

SUI=420*SU

SY1=600*SY

TA=SUI

IF(TA.GT.SY1) TA=SYI

RT=SIGAO/SA
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RS=SIGSO/TA

RC=RT**2 + RS**2

C

WRITE(6,'(//)')

WRITE(6, '(43H CODE EVALUAT. FOR ACCIDENT COND, TABLE 6.3)')

WRITE(6,120)

WRITE(6,'(37H ALLOWABLE TENSILE STRESS (Sa) ....... E15.5)') SA

WRITE(6,'(37H ALLOWABLE SHEAR STRESS (Ta) .......... E15.5)') TA

WRITE(6,'(37H Rt (AVE AXIAL STRESS/Sa) ............ E15.5)') RT

WRITE(6,'(37H Rs (AVE SHEARSTRESS/Ta) ............ E15.5)') RS

WRITE(6, '(37H Rt•'+Rs . .............................. E15.5) ') RC

ENDIF

C

C
C BOLT CLAMPING FORCE FAAL (APPLIED LOADS LESS TEMP LOAD & PRE LOAD)

C + FAPC (LOAD DUE TO PRYING ACTION)

C - FAPT (PRE LOAD & TEMP LOAD)

C

BCF = DABS(FAAL) + DABS(FAPC) - DABS(FAPT)

BD = BCF*BL/(BXA*EB)

BDA = 0.003

FF = FCF*BCF

C

WRITE(6, '(//)')

WRITE(6, '(43H FLANGE SEPARATION EVALUATION ) )

WRITE(6,120)

WRITE(6,'(37H BOLT CLAMPING FORCE ................. E15.5)) BCF

WRITE(6,'(37H DISPLACEMENT ACROSS BOLT ............ E15.5)') BD

WRITE(6, '(37H ALLOWABLE FLANGE SEPARATION .......... E15.5)') BDA

WRITE(6,'(37H FLANGE FRICTION FORCE ............... E15.5') FF

WRITE(6,'(37H TOTAL BOLT SHEAR FORCE ................ E15.5)') FST

C

C

C FATIGUE ANALYSIS

C

IF(CET.EQ.1) THEN

IF(FSO.GT.0.0 .OR. FSV.GT.0.0) THEN

R1 = SIG A/(1000.0*FSO)

R2 = (FA_5/BXA)/(1000.0*FSV)

R3 = RI+R2

C

WRITE(6, '(//)')

WRITE(6, '(43H FATIGUE EVALUATION

WRITE(6, 120)

WRITE(6,'(37H USEAGE FOR NORMAL OPERATION .......... E15.5)) R1

WRITE(6, '(37H USEAGE FOR VIBRATION ............... E15.5)') R2

WRITE(6, '(37H ACCUMULATIVE FATIGUE USEAGE .......... E15.5)') R3

ENDIF

ENDIF

C

C

END

SUBROUTINE DATA(X)

C
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C READ NEXT DATA ITEM ON INPUT FILE
C

REAL*8 X
CHARACTER*80 BUFFER

C
100 CONTINUE

READ(5, '(A) ',ERR=200,END=200) BUFFER
IF(BUFFER(I:1).EQ.'*') GOTO 100
BUFFER(1:43)=CHAR(32)
REWIND 1
WRITE(I,'(A)') BUFFER
REWIND 1
READ(1,*,ERR=I00,END=200) X
RETURN

200 CONTINUE
WRITE(6,210)
STOP

210 FORMAT(//' ERROR READING INPUT DATA FILE')
C

RETURN
END
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5 SHIELDING EVALUATION

Shielding Evaluation., Chapter 5_______,__

Source Term~s. Attenuation Dose Rate

" Gamma - 5.2.2 A*Material properties - 5. 1.1.2 Gamma - 5.4.4
" Neutron - 5.2.3 *Modeling - 5.3 *Neutron - 5.4.4

Shielding analysis - 5.4
VGamma
V Neutron

Package Operations

" Dose rates - T 7-5
" Streaming paths
" Pre-shipment tests

7.3.3

Acceptance Tests and
Maintenance Program

" Shielding tests
8.1.6

" Shielding material
specification
Table 8-3
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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.

5.1 DESCRIPTION OF SHIELDING DESIGN

This chapter identifies, describes, discusses, and analyzes the principal radiation shielding design of the
AOS cask, which is important to safety.

5.1.1 Design Features

5.1.1.1 Geometry

The cask is a cylindrical container, with a cylindrical cavity in which radioactive materials are placed.
Tungsten alloy or carbon steel shields for radiation attenuation are located on the top, bottom, and sides
of the cavity. Figure 5-1 illustrates the main cask components.

Cask components important to shielding, including the radiation shields and cask cavity, are discussed in
this section. For all shielding evaluations, the impact limiter is ignored. Other transport package design
features, such as the personnel barrier, securing lines, and internal structure, are irrelevant from a
shielding standpoint and are also not considered. The absence of these components in the shielding
model provides a more-conservative dose rate estimate. From a dose rate-point location, however, the
personnel barriers are important, because they move the normal shipping configuration-accessible surface
away from the cask surface. This distance is included in the dose rate point location selection; however,
the materials occupying the barrier space are treated as air. Further discussion regarding the barrier
dimensions are included in Paragraph 5.3.1.3.

Tests applied to the packaging and its contents, under Normal and Hypothetical Accident conditions
of transport, demonstrated that the cask components modeled can maintain their structural integrity for
all considered events. This allowed a single geometric model to be developed for each cask size
being considered.

Inside Cask Body - --

Outside Cask Body - -

Axial Shields

Cavity

Radial Shield

Figure 5-1. Cross-Sectional View of Cask Components
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Four cask sizes are under consideration. Table 5-1 lists the outside radius and half-height of each model's
cask components. The Half-Height is the distance from the center of the cask to the top of the component
(refer to Figure 5-2.) For example, the actual cavity height of the Model AOS-100 is 50.80 cm (20.00 in.),
and the height of its axial shield is 11.12 cm (4.38 in.). This is calculated using Equation 1.

h,-ial shield IHalfHeighta.,-il_,hield - HalJ eightne, •cask bodi.

(1)

Table 5-2 lists the cavity and axial shield heights for all four AOS Transport Packaging System models.
The base model (basic design) is the Model AOS-100 transport package. The other three models are
scaled proportionally to the Model AOS-100:

• Model AOS-025 is25% of the size of the Model AOS-100

• Model AOS-050 is 50% of the size of the Model AOS-100

* Model AOS-165 is 65% greater in size than the Model AOS-100
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Table 5-1. Cask Component Dimensions, Outside Radius and Half-Height - All Models

Outside Radius Half-Height 8

Model Component cm in. cm in.

Cavity 2.06 0.81 6.35 2.50

Inside cask body 2.59 1.02 7.41 2.92

AOS-025 Radial shield 5.03 1.98 6.90 2.72

Axial shield 3.15 1.24 10.19 4.01

Outside cask body 8.89 3.50 11.43 4.50

Cavity 4.12 1.62 12.70 5,00

Inside cask body 5.18 2.04 14.82 5.83

AOS-050 Radial shield 10.06 3.96 13.80 5.43

Axial shield 6.30 2.48 20.38 8.02

Outside cask body 17.78 7.00 22.86 9.00

Cavity 8.25 3.25 25.40 10.00

Inside cask body 10.36 4.08 29.64 11.67

AOS-100 Radial shield 20.12 7.92 27.59 10.86

Axial shield 12.60 4.96 40.76 16.05

Outside cask body 35.56 14.00 45.72 18.00

Cavity 13.61 5.36 41.91 16.50

Inside cask body 17.09 6.73 48.91 19.26

Radial shield 33.20 13.07 45.53 17.93AOS-165

Axial shield

Outside cask body

20.80

58.67

8.19

23.10

67.26

75.44

26.48

29.70

a. Axial distance from cask centerline.

Outside Cask Body

Axial Shield

Inside Cask Body

Radial Shield

Cavity

CASK CENTERLINE

Figure 5-2. Cask Component Half-Height - All Models
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Table 5-2. Cask Component Dimensions, Cavity and Axial Shield Height - All Models

Model ,.,Cmpnn rrl> -im

Cavity 12.70 5.00AOS-025A Cvt
Axial shield 2.78 1.09

Cavity 25.40 10.00AOS-050A Cvt
Axial shield 5.56 2.19

AOS-100A Cavity 50.80 20.00
AOS-100B

AOS-100A-S Axial shield 11.12 4.38

Cavity 83.82 33.00AOS-165A Cvt
Axial shield 18.35 7.22

Cavity 83.82 33.00
AOS-165B CaityAxial shield 18.35 7.22
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Table 5-3 lists the demonstration isotopes for which dose-rate limited source inventories are calculated, for
each model.

Table 5-3. Demonstration Isotopes Analyzed - All Models

Isotop ,-050. AOS-..00 AOS-1665'

Co-60 V V V V

Cs-137 V V V V

Hf-181 V V V

Ir-192 V V V V

Zr/Nb-95 V V

Ba-135 V V

C-14 V V

Fe-59 V V

Ho-166 V V

Na-24 V V

P-32 V

P-33 V

Sb-124 V V

Sc-46 V

Se-75 VV

Sm-153 V V

Sr-89 V V

Y-90 V V

Yb-169 V V

Yb-1 75 V V

0
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5.1.1.2 Materials

Table 5-4 lists the materials for each cask component that is important to shielding. Tungsten alloy is used
as the shielding material in cask models whose names include the suffix A. Carbon steel is used as the
shielding material in cask models whose names include the suffix B. Therefore, the only difference
between the Model AOS-100A and AOS-100B transport packages is the shielding material.

Table 5-4. Cask Component Materials - All Models

"' •. :i•,• ; ' I.I ' • ' , M odel. . . . . .. .
ModelDensity

Component Material ý suffix AOS-025 'AOS-050 AOS-100 AOS-165 (g/cm3 )

Cavity Air V V V V 1.29E-03

Shields' Tungsten Alloy A 17.8

Carbon Steel B V V 7.8212

Cask Stainless Steel V V V V 7.8

a. Shielding material is either tungsten alloy or carbon steel.
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5.1.2 Maximum Radiation Level Summary

Table 5-5 and Table 5-6 list the maximum dose rates for the activation product sources considered in this
report, for Normal and Hypothetical Accident conditions of transport, respectively.

Table 5-5. Activation Product Maximum Radiation Level Summary
for Normal Conditions of Transport - All Models

S

Package Surface 1 m from Package Surface

Activation Product (mRemlhr) (mRem/hr)

Radiation Axial Radial Axial Radial

Gamma 180 180 9 9

Neutron 0 0 0 0

Total 180 180 9 9

10 CFR 71.47(a) Limit 200 200 10a 10a

a. Transport index cannot exceed 10.

Table 5-6. Activation Product Maximum Radiation Level Summary
for Hypothetical Accident Conditions of Transport - All Models

1 m from Package Surface
Activation Product (mRem/hr)

Radiation Axial Radial

Gamma 19.31 22.87

Neutron 0 0

Total 19.31 22.87

10 CFR 71.51(a)(2) Limit 1,000 1,000
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5.2 SOURCE SPECIFICATION

Shielding analyses were performed for the activation products identified in Subsection 5.1.2. Because of
the penetration power of neutral radiation, such as gammas rays, these were the main concern for
shielding calculations. Charged particles, such as beta and alpha particles, are not able to penetrate the
cask's thick shield layers, and the assumption was made to ignore these particles for shielding evaluations.

To accurately model the activation products' sources, gamma particle energies and their corresponding
relative probabilities of emission are needed.

5.2.1 Gamma Source

5.2.1.1 Spectrum

The source description for activation products is obtained from isotope decay schemes, detailing the
gamma particle energies and their relative probabilities of emission per disintegration (decay). For sources
that emit gamma particles of multiple energies, the emission probabilities are normalized.

Some isotopes have multiple decay modes:

" Beta decay

" Internal conversion

" Electron capture

The relative emission probability for the i-th gamma particle emitted from the j-th mode of decay was
determined using Equation 2.

br. I11

= ZZ br Ii

(2)

where:

Pij Relative probability for the i-th gamma particle emitted from the j-th mode
of decay

bri = Branching ratio of the j-th decay mode

i = Relative intensity of the i-th gamma particle per disintegration

Particles with a relative probability of emission less than 0.001 are not included in the shielding
model. Particles with low relative probabilities are eliminated and the emission probabilities of the
remaining particles are normalized, so that these probabilities sum to unity.

Because charged particles do not have the same penetrating abilities as neutral particles, they are
neglected in the shielding models. The Sr-89 and Y-90 sources emit only beta particles and one gamma
particle, with a relative intensity of 9.56E-5 and 1.4E-06, respectively. Therefore, dose rates for the Sr-89
and Y-90 sources are not calculated, and there is no content limit based upon the shielding requirements
for AOS transport packages. In addition, the C-14, P-32, and P-33 sources undergo Beta decay to a stable
isotope; therefore, they also have no limits. The Ba-1 35 source is naturally stable, and therefore and does
not have a limit.
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Most of the isotopes emit more than one (1) gamma particle per disintegration. For example, Co-60 emits
two (2) gamma particles each time it decays. The definition of the source term, using the relative emission
probabilities in Monte Carlo N-Particle (MCNP), is only part of correctly defining the radioactive materials.
The MCNP results are normalized to the number of source particles. Each time MCNP simulates a particle
history, it samples only one (1) gamma particle. That is, an adjustment must be made to the source
strength, to correctly simulate the number of particles emitted per disintegration.

To determine the number of particles emitted per disintegration, it is necessary to manipulate the
decay data. The relative decay energy intensities are normalized to 100 disintegrations. The sum of all
relative intensities, divided by 100 and multiplied by the absolute intensity, yields the number of emitted
gamma particles.

Table 5-7 and Table 5-8 list the source spectra used in the shielding models.

Table 5-7. Isotope Photon per Decay - All Models

Model

Isotope Photons/Decay AOS-025 AOS-050 AOS-1 00 AOS-1 65

Co-60 2 V V V V

Cs-137 0.85 V V V V

Hf-181 1.46 V V V

Ir-192 2.16 V V V V

Zr/Nb-95 1.41 V ' V

Ba-135 Stable Isotope V V

C-14 Beta Decay V V

to a Stable Isotope

Fe-59 1.04 V V

Ho-166 0.08 V V

Na-24 2 V

P-32 Beta Decay V.

to a Stable Isotope

P-33 Beta Decay W V
to a Stable Isotope

Sb-124 1.91 V V

Sc-46 2 V V

Se-75 3 V V

Sm- 153 0.36 V V

Sr-89 9.56E-05 V V

Y-90 1.4E-6 V V

Yb-169 1.5 V V

Yb-175 0.118 V

0
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Table 5-8. Activation Product Gamma Spectra Used in Shielding Models - All Models

Energy 'Relative Model
Isotope (KeV) Probabilitya AOS-025 AOS-050 AOS-100 AOS-165

1,173 0.5
Co-60 V V V

1,332 0.5

Cs- 137 661 1 V V ,

133.0 0.2955

136.3 0.0399

136.9 0.0059

Hf-181 345.9 0.1031 V V V

476.0 0.0048

482.2 0.5492

615.2 0.0016

296.0 0.1381

308.5 0.1427

316.5 0.3978

416.5 0.0032
Ir-1192 V V VV

468.1 0.2299

588.6 0.0217

604.4 0.0394

612,5 0.0257

724.2 0.1372

Zr/Nb-95 756.7 0.1738 V V V

765.8 0.6891

Ba-135 Stable Isotope V V

C-14 Beta Decay to stable atom VV

142.6 0.01

192 0.03
Fe-59 V V

1,099 0.54

1,291 0.41

80.5 0.83

Ho-166 1,379 0.12 V V

1,581 0.02

1,368 0.500250125
Na-24 V V

2,754 0.499749875

P-32 Beta Decay to stable atom V V

P-33 Beta Decay to stable atom V V
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Table 5-8. Activation Product Gamma Spectra Used in Shielding Models - All Models (Continued)

.... °•Model
Energy Relative, , M

Isotope. (KeV) Probabilitya AOS-025 AOS-050 AOS-100 AOS-1 65

602 0.52

645 0.04

713 0.01

722 0.057
Sb- 124 V V

968 0.01

1,365 0.01

1,691 0.25

2,090 0.03

889.2 0.5
Sc-46 V

1,120 0.5

96.7 0.02

121.1 0.1

136 0.33
Se-75 V

264 0.33

279 0.14

400 0.05

69.6 0.13

73 0.01

83 0.005

Sm-153 89 0.005 V V

97 0.02

103 0.81

533 0.003

Beta Decay, with very
Sr-89 small (9.56E-05) probability VV

of a gamma emission

Beta Decay, with very
Y-90 small (1.4E-6) probability V V

of a gamma emission

0
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Table 5-8. Activation Product Gamma Spectra Used in Shielding Models - All Models (Continued)

Energy Relative Model
Isotope . (KeV) Probabilitya AOS-025 AOS-050 AOS-100 AOS-165,

63 0.3

93 0.02

109 0.11

118 0.01

Yb-169 130 0.07

177 0.15

197 0.23

261 0.01

307 0.07

113 0.16

144 0.03 V
Yb- 175

282 0.25

396 0.54

a. Adapted from KAERI [5.2].

Nb-95 is a daughter of Zr-95. Due to the similar and relatively short half-lives of the parent and daughter
isotopes, it is assumed that the Zr/Nb-95 source is in transient equilibrium. During transient equilibrium, the
activity ratio of the parent and daughter are determined by Equation 3.

A ,Vb - ANX = 2.40

Al, Z 'b - z,.

(3)

where:

ANb =

Azr =

kNb =

kZr =

Activity of Nb (daughter)

Activity of Zr (parent)

Nb decay constant

Zr decay constant

Therefore, the gammas emitted due to the decay of Nb-95 are approximately 2.4 times as frequent as the
gammas emitted due to the decay of Zr-95. Equation 3 is confirmed, using basic Bateman equations. This
is taken into account in the calculation of the relative emission probabilities of the more-probable gamma
particles and also the number of gammas emitted per disintegration.
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5.2.2 Geometry and Density

5.2.2.1 Source Geometry

All isotopes are modeled as point sources, located at the center of the cavity's top edge for axial cases
(Z axis, in positive direction), and at the center of the cavity's radial edge for the radial cases (Y axis, in
positive direction) for Normal and Hypothetical Accident conditions of transport. This is a more
conservative approach than modeling a point source at the center of the cask, or explicitly modeling the
internal source geometry and other internal structural components. Point sources do not account for
the self-shielding effects provided by the actual source geometry and density, nor for the shielding
provided by internal components, such as source racks. If the true source geometry is long enough that it
might be better represented by a line source, the error associated with the use of a point source may be
large, but it will always be in the conservative direction. These conservative approaches provide assurance
that the dose rate obtained from the point source models is over-predicted. Because the dose rate
obtained from point source models meets regulatory requirements, the transport packages meet regulatory
requirements in their as-shipped configuration. Also, by placing the point sources directly against the cavity
wall, the most likely source displacements are modeled. This source geometry and location represents the
appropriately conservative approach.

5.2.3 Neutron Source

Note: Not applicable. Neutron-emitting materials are not considered in this evaluation.

5-14 AOS Radioactive Material Transport Packaging System Safety Analysis Report
for Model AOS-025, AOS-050, and AOS-100 Transport Packages, Rev. CI



5.3 SHIELDING MODEL

5.3.1 Source and Shielding Configuration

An explicit 3D model of the cask, representative of the dimensions tabulated in Table 5-1 and Table 5-2,
was developed using the stochastic particle transport code Monte Carlo N-Particle (MCNP). The use of
these nominal values, to define the shield model, is consistent with standard engineering practices. The
increase in possible dose rates, due to the very small tolerances on these dimensions, is bounded by
the conservative 10% reduction in allowable dose limits described in Section 5.4.4.1. This code is
described in more detail, in Subsection 5.4.1. The impact limiter, personnel barrier, and any internal or
external components were modeled as air, for conservatism. A sketch of the cask components modeled is
provided in Figure 5-1. Tests applied to the packaging and their contents, under Normal and Hypothetical
Accident conditions of transport, demonstrated that the cask components modeled maintained their
structural integrity for all considered events. This allowed a single geometric model to be developed for
each cask size being considered.

The use of a stochastic method for the dose rate calculation requires the application of variance reduction
techniques, to obtain precise solutions in a timely manner. Correct implementation of variance
reduction techniques yields the same solution with a similar statistical variance as a basic stochastic
simulation, but in a shorter amount of computer time.

Application of variance reduction techniques requires the user to define an objective. The transport
package models are constructed according to this objective. Usually, in shielding calculations, the
objective is to transport more particles to the detection point, to reduce the statistical variance of the result.
To accomplish this objective, the natural behavior of the particles is altered, to "guide" the particles toward
the detection point. To preserve the physics of the problem, the particle weights are adjusted according to
the probability of each particle's mode of interaction and the outcome of such interaction among all
possible interactions and/or outcomes.

5.3.1.1 Importance Splitting

One of the variance reduction techniques used in the shielding model is importance splitting. This
technique divides the cask into regions, and assigns particle importance values to these regions.
The structure of importance regions can be determined by examining the average Mean Free Path of
source S (for example, the average distance that an average source particle travels before an interaction
occurs) in material M, as stated in Equation 4.

MFP-
PA! f1AIs

(4)

where:

MFP = Mean Free Path

PA! = Mass density of material M [g/cm 3]

Pvs = Total interaction cross-section (or attenuation coefficient)

of the average particle in source S for material M [cm 2/g]
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Each importance region is generally 1.5 to 2 Mean Free Paths thick. Table 5-9 and Table 5-10 list the
Mean Free Path for each isotope source, in each material.

Table 5-9. Mean Free Path of an Average Gamma Particle from Each Source,
for Each Cask Material - All Models

Mean Free Path in:Cask Material (cm)a'r Model

Tungsten Carbon Stainless
Isotope Alloy Steel Steel AOS-025 AOS-050 AOS-100 AOS-1 65

Co-60 1.0086 2.4033 2.3964 V V V

Cs-137 0.6087 1.7636 1.7683 V V V V

Hf-181 0.2508 1.3127 1.3176 V V V

Ir-192 0.2823 1.3544 1.3610 V V V v

Zr/Nb-95 0.6962 1.8803 1.8854 V V V

a. Based upon attenuation coefficients obtained from Reference [5.3].

Table 5-10. Mean Free Path of an Average Gamma Particle from Each Source -
Models AOS-025 and AOS-050

Mean Free Path in Cask Material (cm)a

Isotope Tungsten Alloy Stainless Steel

BA-135

C-14 - -

Co-60 0.85 1.9

Cs-137 0.48 1.4

Fe-59 0.78 1.5

Ho-166 0.86 1.6

Na-24 0.95 1.8

P-32 - -

P-33 - -

Sb-124 0.80 1.7

Sc-46 0.70 1.4

Se-75 0.25 1.0

Sm-153 0.38 1.1

Sr-89

Y-90 - -

Yb-169 0.15 1.0

Yb-175 0.24 1.0

a. Based upon attenuation coefficients obtained from Reference [5.3].

0

0

0
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Particle importance values are assigned to each importance region. Generally, the ratio of the importance
values between adjacent regions should be between 2 and 4. The importance value aims to maintain a
constant particle population in each region, between the source and detection points. One way to
accomplish this is to take an initial guess at the particle importance, examine the number of particle tracks
entering the importance region, and adjust the particle importance accordingly.

Because the dose rate is needed on both radial and axial cask surfaces, implementation of importance
splitting requires the separation of each transport package model into two cases - axial and radial. Doing
so simplifies structure of importance regions and assignment of importance values.

Due to symmetry, the dose rate at the top of the cask should be the same as the dose rate at the bottom.
Therefore, only the dose rate at the top was obtained. The model for the axial case is constructed with the

objective of reducing the statistical variance of dose rate at the top of the cask. Therefore, the importance
values increase as the particle moves from the source location to the axial detection planes. If a particle
travels in an undesirable direction (for example, away from the detection point), the probability that this
particle survives through the shields and scatters up to the axial detection planes is quite low. For the axial
case, an undesirable direction is included along the radial direction and toward the bottom of the cask.
After approximately 8 or 9 Mean Free Paths of travel in an undesirable direction, an importance value of
zero (0) can be assigned. This procedure terminates the history of a particle that would provide an
insignificantly small contribution to the dose rate in the axial direction. Because a computer is used to do
the calculations, this frees the computer from spending time tracking a particle that does not contribute to
the simulation's objective.

Similarly, in the radial case, the importance values increase as the particle travels from the source location
toward the cask's radial surface. The undesirable directions are toward the cask top and bottom. Due to
symmetry, the importance values assigned to the cask's top regions are the same as the importance
values assigned to the cask's bottom regions. Figure 5-3 illustrates a sample model that indicates the
importance regions.

AXIAL RADIAL

V
Y

Figure 5-3. Axial and Radial Shielding Case Importance Regions
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5.3.1.2 Source Biasing

SSource biasing is another variance reduction technique used in the shielding models. This involves
changing the source's emission angle. In radioactive decay, particles are emitted isotropically (that is, the
probability of emission for all angles is the same). As in many variance reduction techniques, when
the natural characteristics of the problem are altered, the particle weight is altered accordingly. For the
axial cases, particles are four times (4x) more likely to be emitted toward the cask's top (within a cone
angle of 450). In most radial cases, particles are four times (4x) more likely to be emitted in the radial
direction (within a cone angle of 900).

5.3.1.3 Dose Rate Points

All dose rate points were modeled as point detectors located on the cask's positive Y-axis for radial cases,
and the cask's positive Z-axis for axial cases. Simulations were run independently, to determine axial and
radial dose rates. These dose rate points were selected to allow for the minimum amount of shielding
material and distance to exist between the source point and point detector. The use of point geometries at
these locations provides for conservative estimates of dose rates from the radioactive sources being
transported. Due to this appropriate conservatism, no reduction in nominal shield thickness was made for
voids, streaming paths, nor irregular geometries. This choice is further justified by noting that an actual
radioactive load in the container would be distributed over significantly more volume than a point source,
even in Hypothetical Accident conditions of transport and, therefore, only a small fraction of source
radiation would directly penetrate through the shield depletions. Practically, any maximum dose rate from
streaming or localized source concentrations will be detected during the mandatory radiation surveys on
loaded containers, before shipment. The dose rates must comply with the appropriate transport limits.

Table 5-11 lists the distance from the center point of the cask to these dose rate location points. Figure 5-4
demonstrates that dose points at the personnel barrier and 1m from the cask surface are used for
all analyses, and that dose points 1 m from the personnel barrier are also used in Co-60 dose calculations
only.

Table 5-11. Dose Rate Measurement Locations from Center of Cask - All Models

Radial Case Axial Case

Shipping Shipping
Surface to 1m from Surface to lm from
Personnel 1 m from Personnel Personnel 1 m from Personnel Reference

Barrier Cask Barrier Barrier Cask Barrier Assembly
Surface Surface Surface Surface Surface Surface Drawing

Model (cm) (cm) (cm) (cm) (cm) (cm) Number

AOS-025 18.4 108.89 118.4 24.0 111.43 124.0 166D8142

AOS-050 41.4 117.78 141.4 41.0 122.86 141.0 105E9718

AOS-100 84.0 135.57 184.0 90.0 145.52 190.0 105E9711

AOS-165 118.0 158.67 218.0 151.2 175.50 251.2 105E9707
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Legend

184.0 cm (used for Co-60 only)

Figure 5-4. Sample Dose Rate Calculation Points - Model AOS-100
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5.3.2 Material Properties

Standard material compositions and densities are used to construct the shielding models. For the
A models, the shield is constructed of tungsten alloy. Pure tungsten is used in the models with a density
lower than the theoretical density of natural tungsten. This density is a conservative estimate of the
tungsten density in the shield. Table 5-12 tabulates the material compositions.

Table 5-12. Cask Component Material Specifications

Model Type Material Composition

Weight Density
Component Material A B, Element Fraction (g/cm 3)

Nitrogen 0.7454

Cavity Air Oxygen 0.2284 1.29E-03

Argon 0.0261

Tungsten Alloy V Tungsten 1.0000 17.8'

Shielda Carbon 0.0100
Carbon Steel V 7.8212

Iron 0.9900

Iron 0.7200
Manganese 0.0200

Cask Stainless Steel 7.8
Chromium 0.1800

Nickel 0.0800

a. The shielding material is either tungsten alloy or carbon steel, depending upon the model type.

b. The density used for tungsten alloy is conservatively assumed to be lower than standard. 0
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5.4 SHIELDING EVALUATION

5.4.1 Methods

5.4.1.1 General Description of Computational Tool

The dose rate is calculated using the stochastic particle transport code called Monte Carlo N-Particle
(MCNP), version 4A, with the ENDF/B-Vphoton library. MCNP is used because of its flexibility in modeling
all geometrical configurations and the majority of particle types, and for its use of continuous energy
libraries.

The Monte Carlo method involves tracking the interaction histories of individual particles. The behavior of
the source particles within the system is inferred, by taking a statistical average of all particle histories.
To achieve statistical significance, thousands or even millions of histories can be required, making this
a time-consuming modeling method.

Interactions experienced by the particle are sampled from a probability density function, with the help of
a pseudo-random number generator. This is similar to throwing dice to determine which type of interaction
occurs next in the particle's "random walk." Compared to deterministic methods in which solutions to
a governing equation are obtained, the Monte Carlo method is often viewed as a numerical experiment.

For detailed information regarding the simulation method and use of Monte Carlo N-Particle (MCNP), refer
to Reference [5.4].

5.4.1.2 Basic Input Parameters

The information required to use MCNP is the system description, which includes the cask's geometry and
material description, source biasing, source definition details, importance splitting values, conversion
factors, and point detector details. The point detectors are used to obtain the particle flux at the dose rate
points. The point detector units are in particles per square centimeter. In this analysis, gamma rays are the
particles of interest. The dose rate is determined by using flux-to-dose-rate conversion factors, which
convert the final MCNP tally to Rems per hour (Rem/hr). This can then be used to calculate the limiting
Curie content that maintains all dose rate values below the regulated values, at all surfaces.

Other input parameters are related to implementation of variance reduction techniques. The model
importance structure must be provided, which includes dividing each cask component into subsections and
assigning importance values to each subsection. These importance values are dependent upon system
geometry and materials, as well as source characteristics, and most importantly the location of the dose
rate points. Figure 5-3 illustrates the difference in importance structure between the axial and radial cases
for the same transport package model. Due to symmetry and separation of the models into two (2) cases -
axial and radial - the physical 3D system is converted into two quasi-one-dimensional models, which
makes the importance structure simpler to construct.

To implement source biasing in MCNP, the desired emission probabilities must be supplied for each
emission cone. The three inputs to be supplied are:

" Division of the emission cones
" Actual probability distribution function (pdf) of emission
" Biased (needed) pdf of emission
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The division of the emission cones was supplied as the cosine value of these cones. The pdf for the actual
emission angles is related to the angle cosines. In Monte Carlo N-Particle, the emission angle is
determined by sampling a number between -1 and 1, to determine the cosine value. Therefore, the actual

pdf of emission is the probability that the source particle is emitted in a certain cosine range. Particles from
radioactive sources are emitted isotropically (that is, all angles have equal probability). When translating
this information into a cosine range, the actual probabilities for each of the equally divided cone angles are
not equal.

The biased probabilities are relative to one another. These values are not required to sum to unity. Instead,

MCNP internally normalizes these values. In the models that implement source biasing, the desired
emission angles (that is, toward the axial or radial detection surfaces) are four times (4x) more likely to be
chosen. Figure 5-5 provides an example (from the Model AOS-165) of how to define the source in Monte

Carlo N-Particle.

sdef pos=0 0 0 erg=d4 vecO 0 1 dir=d5
c SOURCE SPECTRUM
si4 L 0.133021 0.13626 0.13686

0.47599 0.48218 0.61517

sp4 0.295469648 0.039926847 0.005876441
0.004794517 0.54920009 0.00159268

c SOURCE BIASING
si5 -1 -0.707 0 0.707 1

sp5 0 0.1465 0.3535 0.3535 0.1465

sb5 0 1 4 4 1

0.34593

0.103139777

$ gamma energies

$ relative probabilities

$ cosine bins
$ actual probabilities
$ biased probabilities

Figure 5-5. Hf-181 Point Source Definition with Source Biasing into Radial Direction
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5.4.2 Input and Output Data

The main differences between transport package models are the cask size, shielding material, importance
structure, and source specification. Examples of inputs and outputs representative of the Model AOS-1 OOA
and AOS-100B, and sources analyzed, are provided in Appendix 5.5.

5.4.3 Flux-to-Dose-Rate Conversion

Conversion factors from ANSI/ANS-6. 1.1 1977 American Nuclear Society are used to obtain the gamma
dose rate. These are located in Reference [5.6], Appendix H. The conversion is implemented in Monte
Carlo N-Particle, using the dose rate energy and dose rate function cards. Use of the conversion factors
provided in Reference [5.4] converts the Monte Carlo N-Particle point detector output of photon/cm 2 to

dose rates in units of Rem per hour (Rem/hr). Both the point detector flux and converted dose rate
calculated are normalized values per source particle emission, consistent with Monte Carlo methodology.
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5.4.4 External Radiation Levels

5.4.4.1 Maximum Source Strength Calculation

The bounding limit for an isotope is found by determining the Curie level that, if any greater, would just
exceed the regulatory limits at any one of the detection points. To add conservatism to this process, a
margin was added to the final dose rate limits. The process was as follows - all final values were
calculated for only 90% of the regulated dose rate limits:

* 200 mRem/hr limit at the shipping surface became a 180 mRem/hr limit

•1 m Normal conditions of transport limit became a 9 mRem/hr limit

1 1m Hypothetical Accident conditions of transport limit became a 900 mRem/hr limit

This conservative methodology provides additional margin, to ensure that the cask contents do not cause
dose rate limits to be exceeded.

For several of the isotopes, MCNP models were not run; instead, energy comparisons were made to other
cases that have been modeled in MCNP. These isotopes were then compared to another isotope with a
bounding gamma emission, and a conclusion was made as to the source strength of that isotope in the
specific transport package model. For example, isotope Yb-169 is bounded, energy-wise, by Yb-1 75. This
means that all the gamma radiation emitted by Yb-169 is of lower energy, and thus has less penetrating
power. Because this is the case, the same MCNP data is used to calculate a limiting dose rate for the
bounded Yb-1 69 source. The only difference between the two isotopes is the photon/decay values (listed
in Table 5-7), which can be applied to correctly determine the dose rate limited source strength.

This method of bounding a non-simulated isotope was done for Model
Yb-169, and Model AOS-050 isotopes Fe-59, Ho-166, Sb-124, Sc-46,
Table 5-13 lists the elements used to limit (bound) these isotopes.

AOS-025 isotopes Se-75 and
Se-75, Sm-153, and Yb-169.

Table 5-13. Bounding Sources - Models AOS-025 and AOS-050

Model

Isotope Bounding Isotope AOS-025 AOS-050

Fe-59 Co-60 V

Ho-166 Na-24 V

Sb-124 Na-24 V

Sc-46 Co-60 V

Se-75 Yb- 175 V V

Sm-153 Yb-175

Yb-169 Yb-175 V
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The maximum allowable Curie level for transport for each isotope modeled is calculated using
Equations 5, 6, and 7. First, the MCNP output [Tallyout] for each isotope and dose rate location is
converted to units of mRem/hr-Ci using Equation 5.

Dose[mREM] =Tallyo,,, [REM] * 1000[mREM] * [photons] * 3.7E10[Bq]

[hour - Ci] [hour - photon] [REM] [Bq] [Ci]

(5)

Additional conservatism is applied by applying a 2a adder to this term, as is done in Equation 6.

Dose+,2 ,[rnREM] Dose [mREM] Dose [mnREM]
+ *2o-

[hour - Ci] [hour - Ci] [hour - Ci]

(6)

The maximum source strength that will meet the regulatory dose rate limit at the location being analyzed is
then calculated using Equation 7.

0.9*DoseLIAIIT [nREM / hour]
Dose+,Sg [mREM / hour - Ci]

(7)

The maximum curie content of each isotope at each dose rate location is solved for using this approach.
Results are then tabulated, and the minimum of the source values obtained is reported as the maximum
source strength viable for shipment based on dose rate limits. The dose rates based upon these source
values for locations of interest are reported in Table 5-14 through Table 5-19.
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5.4.4.2 Radiation Analysis Results

A single model (identical geometry and source specifications) is used for both Normal and Hypothetical
Accident conditions of transport simulations. The dose rates reported are applicable to both scenarios.

The following dose rate limits are met for all isotopes, except Cobalt, in compliance with 10 CFR 71.47(a)
and 10 CFR 71.51(a)(2) (Normal and Hypothetical Accident conditions of transport, respectively):

" A surface limit of 200 mRem/hr (2 mSv/h) on the outside surface of the personnel barrier,
to comply with Normal conditions of transport limits.

" A limit of 10 mRem/hr (0.1 mSv/h), at 1m from the cask surface. This is conservative with
respect to the Normal conditions of transport limit, which is 10 mRem/hr, at 1 m from the
personnel barrier (farthest from source). It is also conservative with respect to the Hypothetical
Accident conditions of transport 1,000 mRem/hr limit, at 1 m from the cask surface.

For Cobalt, additional dose rate points were also considered to meet the 10 CFR 71.47(a) and
10 CFR 71.51(a)(2) (Normal and Hypothetical Accident conditions of transport, respectively) limits:

" A surface limit of 200 mRem/hr (2mSv/h) on the outside surface of the personnel barrier,
to comply with Normal conditions of transport limits.

* A limit of 1,000 mRem/hr (10 mSv/h) at 1 m from the cask surface, to comply with Hypothetical
Accident conditions of transport limits.

" A limit of 10 mRem/hr at 1 m from the personnel barrier, to comply with Normal conditions
of transport limits.

Note: For the activity limits of all isotopes (referenced in this report), refer to Table 7-5, "Activity Limits -
All Models."

Shipment Transportation Index (TI) can be calculated by using the highest dose (either radial or axial) at
1m from the cask, for each isotope and package combination, to define a conservative transport index.
The packages containing cobalt should define the transport index based upon the maximum dose rate at
1 m from the personnel barrier. These numbers are defined in Table 5-14 through Table 5-19. The dose
rates reported result in a single package always having a TI less than 10, allowing for non-exclusive
shipment of a single cask. If multiple casks will be shipped together, their respective TI values must be
summed, to determine whether their shipment must be exclusive or non-exclusive.

0
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Table 5-14. Maximum Radiation Levels - Model AOS-025A

Source* Radial Axial
Strength Photon/l, - Dose Rate Dose Rate. Limit

Isotope (Ci) '- Bq, Location (mRem/hr) (mRem/hr) :(mRemlhr), Comments

Ba-135 No Limit ..... Stable Isotope

C-14 No Limit -Beta 
Decay to

Stable Isotope
1 m Dose Rate from

Barrier Surface 180.00 125.95 200 Cask and I m Dose

Rate from Personnel
Barrier Considered

Co-60 2.36E-01 2 1 m from Cask 4.42 4.20 1,000

Tungsten alloy liner
thickness of 2.15 cm

1m from Barrier 3.73 3.36 10 axially and 1.397 cm
radially inside cavity

Barrier Surface 180.00 109.79 200 Tungsten alloy liner

Cs-137 3.45E+01 0.85 thickness of 2.15 cm
1lm from Cask 4.12 3.80 10 axially and 1.397 cm

radially inside cavity

Barrier Surface 180.00 124.29 200 Tungsten alloy liner

Fe-59 5.85E-01 1.04 thickness of 2.15 cm

lm from Cask 4.39 4.16 10 axially and 1.397 cm
radially inside cavity

Barrier Surface 180.00 126.35 200 Tungsten alloy liner

H0-166 2.74E+01 0.08 thickness of 2.15 cm
1m from Cask 4.45 4.09 10 axially and 1.397 cm

radially inside cavity

Barrier Surface 180.00 100.76 200 Tungsten alloy liner

Ir-192 1.48E+02 2.16 thickness of 2.15 cm
1 mn from Cask 4.09 3.40 10 axially and 1.397 cm

radially inside cavity

Barrier Surface 180.00 128.13 200 Tungsten alloy liner

Na-24 6.97E-02 2 thickness of 2.15 cm
1 m from Cask 4.59 4.30 10 axially and 1.397 cm

radially inside cavity

P-32 No Limit Beta Beta Decay to
Decay Stable Isotope

P-33 No Limit Beta Beta Decay to
Decay Stable Isotope

Barrier Surface 180.00 129.05 200 Tungsten alloy liner

Sb-124 3.13E-01 1.91 thickness of 2.15 cm

1m from Cask 4.51 4.32 10 axially and 1.397cm
radially inside cavity

Barrier Surface 180.00 120.12 200 Tungsten alloy liner

Sc-46 5.55E-01 2 thickness of 2.15 cm

1m from Cask 4.37 4.02 10 axially and 1.397cm
radially inside cavity

Gamma Energy
Se-75 1.47E+04 3 - - - Spectrum Bounded

by Yb-175

Barrier Surface 180.00 103.59 200 Tungsten alloy liner

Sm-153 1.36E+05 0.36 thickness of 2.15 cm
axially and 1.397 cm

1 m from Cask 4.06 3.63 10 adially inde ca
radially inside cavity

9.56E-5 Beta Decay with
Sr-89 No Limit p 5e5a - - - Very Low Gamma

per Beta Emission Probability
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Table 5-14. Maximum Radiation Levels - Model AOS-025A (Continued)

Source Radial Axial
Strength Photon/! Dose Rate Dose Rate Limit

Isotope (Ci) 'Bq. Location (mRem/hr) (mRem/hr) (mRem/hr) Comments

1.4E-6 Beta Decay with
Y-90 No Limit .. Beta Very Low Gamma

per Beta Emission Probability

Gamma Energy
Yb-169 2.94E+04 1.5 - - - Spectrum Bounded

by Yb-175

Barrier Surface 180.00 173.18 200 Tungsten alloy liner

Yb-175 3.74E+05 0.118 thickness of 2.15 cm
1lm from Cask 3.96 6.39 10 axially and 1.397 cm
m fradially inside cavity
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Table 5-15. Maximum Radiation Levels - Model AOS-050A

urSouje.-Radial, Me~dI
Strength:. Photni,, . Dose' Rate eDos Rate '-Limit

Isotope (!Ci) ~ Bq- - Location ReneiI/hri(m :

Ba- 135 No Limit Stable ---- Stable Isotope

0-14 No Limit Beta - Beta Decay to
Decay Stable Isotope

Barrier Surface 44.19 180.00 200 1 m Dose Rate from
Cask and 1lm Dose

Co-60 2.84E+00 2 1 m from Cask 4.29 11.78 1000 Rate from Pese
Rate from Personnel

lm from Barrier 2.91 8.66 10 Barrier Considered

Barrier Surface 7.84 101.46 200
Cs-137 3.46E+02 0.85

1m from Cask 0.72 9.00 10

Gamma Energy
Fe-59 5.46E+00 1.04 - - - Spectrum Bounded

by Co-60

Barrier Surface 0.79 90.31 200
Hf-181 1.69E+03 1.46

lm from Cask 0.08 9.00 10

Gamma Energy
Ho-166 1.05E+01 0.08 - - - Spectrum Bounded

by Na-24

Barrier Surface 5.98 98.75 200
Ir-192 9,81E+02 2.16

1m from Cask 0.56 9.00 10

Barrier Surface 41.07 138.43 200
Na-24 4.19E-01 2

1m from Cask 4.15 9.00 10

P-32 No Limit Beta Beta Decay to
Decay Stable Isotope

P-33 No Limit Beta Beta Decay to
Decay Stable Isotope

Gamma Energy
Sb-124 4.38E-01 1.91 - - - Spectrum Bounded

by Na-24

Gamma Energy
Sc-46 2.84E+00 2 - - - - Spectrum Bounded

by Co-60

Gamma Energy
Se-75 2.84E+03 3 - - - Spectrum Bounded

by Yb-175

Gamma Energy
Sm-153 2.36E+04 0.36 - - - - Spectrum Bounded

by Yb-175

9.56E-5 Beta Decay with Very
Sr-89 No Limit - - - - Low Gamma

per Beta Emission Probability

Beta Decay with Very
Y-90 No Limit 1.4E-6 a - - - Low Gamma

per Beta Emission Probability

Gamma Energy
Yb-169 5.67E+03 1.5 - - - Spectrum Bounded

by Yb-175
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Table 5-15. Maximum Radiation Levels - Model AOS-050A (Continued)

Surce'Radial Axial
SStrengthK ý'Phototn -,,Dose Rate, Dose Rate' Limit

Isotope (Ci) . Bq * Location: ((mRem/hr) (m Remr)r (nRemlhr) ,. Comments

Barrier Surface 0.10 89.76 200Yb-175 7.21E+04 0.118 lm from Cask 0.02 9.00 10

Barrier Surface 18.17 117.42 200
Zr/Nb-95 5.66E+01 1.4

im from Cask 1.68 9.00 10

0
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Table 5-16. Maximum Radiation Levels - Models AOS-100A and AOS-100A-S

Source Radial Axial
Strength Photon/. Dose Rate Dose Rate .Limit Shipping

Isotope (Ci) , q. Location (mReinlhr) (mRem/hr) (mRem/hr) Configuration
1lm Dose Rate from

Barrier Surface 56.09 13.06 200 CaskDand 1ameDose
Cask and 1lm Dose

Rate from Personnel

Co-60 2.02E+4 2 1 m from Cask 17.88 3.82 1,000 Barrier Considered

Axial tungsten alloy

1 m from Barrier 9.00 2.03 10 liner 3.56 cm thick
(top and bottom)

Barrier Surface 0.05 25.51 200
Cs-137 3.33E+06 0.85

lm from Cask 0.02 9.00 10

Barrier Surface 0.01 25.41 200
Hf-181 3.90E+07 1.46

im from Cask 0.01 9.00 10

Barrier Surface 0.44 26.23 200
Ir-192 1.14E+07 2.16

im from Cask 0.14 9.00 10

Barrier Surface 0.50 26.33 200

Zr/Nb-95 3.49E+05 1.4
1m from Cask 0.16 9.00 10

Table 5-17. Maximum Radiation Levels - Model AOS-100B

Source Radial Axial
Strength Photon/ Dose Rate Dose Rate Limit Shipping

!sotope (Ci) Bq Location (mRem/hr) (mRem/hr) (mRem/hr) Configuration
1 m Dose Rate

Barrier Surface 54.48 32.72 200 from Cask and 1 m

Dose Rate from
Personnel Barrier

Co-60 1.62E+02 2 1m from Cask 17.72 8.70 1,000 Considered

Axial tungsten alloy
1 m from Barrier 9.00 4.51 10 liner 3.56 cm thick

(top and bottom)

Barrier Surface 0.78 36.13 200
Cs-137 4.97E+02 0.85

1m from Cask 0.24 9.00 10

Barrier Surface 0.48 36.49 200
Hf-181 2.50E+03 1.46

im from Cask 0.15 9.00 10

Barrier Surface 0.64 36.25 200
Ir-192 1.56E+03 2.16

1m from Cask 0.20 9.00 10

Barrier Surface 1.07 35.70 200
Zr/Nb-95 1.01 E+02 1.4

m1 from Cask 0.34 9.00 10
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Table 5-18. Maximum Radiation Levels - Model AOS-165A

Source Radial Axial
Strength Dose Rate DoseRate Limit Shipping

Isotope (Ci) PhotonlBq Location (mRem/hr) (mRem/hr) (mRem/hr) Configuration

Barrier Surface 1.93 34.77 200 1 m Dose Rate from
Cask and 1lm Dose

Co-60 4.02E+07 Im from Cask 2 0.88 22.87 1,000 Rate from Pese
Rate from Personnel

1 m from Barrier 0.41 9.00 10 Barrier Considered

Barrier Surface 2.25E-03 12.34 200
Cs-137 4.75E+11 0.85

1 m from Cask 2.18E-03 9.00 10

Barrier Surface 0.01 12.22 200
Hf-181 1.58E+13 1.46

lm from Cask 0.01 9.00 10

Barrier Surface 0.05 12.39 200
Ir-192 9.21E+11 2.16

1m from Cask 0.02 9.00 10

Barrier Surface 9.34E-03 12.30 200
Zr/Nb-95 1.91E+10 1.4Ilm from Cask 4.87E-03 9.00 10

Table 5-19. Maximum Radiation Levels - Model AOS-165B

Source Radial Axial
Strength Dose Rate Dose Rate Limit Shipping

Isotope (Ci) GammalBq Location (mRem/hr) (mRem/hr) (mRemrhr) Configuration

1 m Dose Rate
Barrier Surface 41.48 31.29 200 from Cask and lm

Dose Rate from
Personnel Barrier

Co-60 3.70E+05 1m from Cask 2 19.31 19.90 1,000 Considered

Tungsten alloy liners:
1m from Barrier 9.00 7.49 10 5.41 cm axial,

0.67 cm radial

Barrier Surface 0.04 14.50 200
Cs-137 8.09E+05 0.85

1 m from Cask 0.02 9.00 10

Barrier Surface 0.02 14.56 200
Hf-181 1.02E+07 1.46

lm from Cask 0.01 9.00 10

Barrier Surface 0.05 14.48 200
Ir-192 2.96E+06 2.16

1 m from Cask 0.02 9.00 10

Barrier Surface 0.07 14.44 200
Zr/Nb-95 8.38E+04 1.4

1 m from Cask 0.03 9.00 10

0
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5.5 APPENDIX

This appendix presents the following information:

• AOS Cask Isotopic Heat Load for Numerous Isotopes Report
• Data CDs

5.5.1 AOS Cask Isotopic Heat Load for Numerous Isotopes Report

This appendix provides a copy of GE Hitachi Nuclear Energy's "AOS Cask Isotopic Heat Load for
Numerous Isotopes" report.
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GE Hitachi Nuclear Energy 7 oo00-0100-5259-R3 I
Title: AOS Cask Isotopic Heat Load for Numerous Isotopes Originator: E. Kirstein NACOE

DRF Number: 0000-0094-2960

Verified Final GEH External Date: 5/27/09 Sheet I of 4

0.0 Revision History

Revision 0 of this report determined the heat load for P-32, P-33, Sr-89, Ba-135, and Ho-166.

Revision 1 of this report determined the heat load for the following additional isotopes: C- 14,
Na-24, Sc-46, Se-75, Sm-153, Yb-169, and Yb-175. Section 3.0 was slightly modified to
consider frequencies above 1% (Revision 0 only considered frequencies above 10%), and a
sentence was added in this section to state that the gamma heat loads are conservative.

Revision 2 of this report incorporated an editorial change. The "GEH Proprietary Information"
designation in the header was deleted in order to be able to include this report as an appendix
to a cask safety analysis report (SAR).

Revision 3 of this report determined the heat load for the following additional isotopes: Fe-59,

Co-60, Sr/Y-90, Zr/Nb-95, Sb-124, Cs-137, Hf-181, and Ir-192. In addition, the heat load
values were determined using MicroShield instead of the formula used in Revision 2.

1.0 Purpose

The purpose of this evaluation is to determine the heat load (in units of W/Ci) for C-I14, Na-24,
P-32, P-33, Sc-46, Fe-59, Co-60, Se-75, Sr-89, Sr/Y-90, Zr/Nb-95, Sb- 124, Ba- 135, Cs- 137,
Sm-153, Ho-166, Yb-169, Yb-175, Hf-181, and Ir-192.

2.0 Analysis/Results

The following table below provides the heat load values generated from MicroShield Version 7.02.
It should be noted that MicroShield utilizes two different libraries to calculate the heat load: the

Grove and ICRP-38 libraries. The heat load is generated for each of the two libraries, then the
higher value of the two is provided in the table below for conservatism.
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GE Hitachi Nuclear Energy 1 0000-0100-5259-R3 I
Title: AOS Cask Isotopic Heat Load for Numerous Isotopes Originator: E. Kirstein NACOE

DRF Number: 0000-0094-2960

Verified Final GEH External Date: 5/27/09 Sheet 2 of 4

Isotope Heat Load
(W/Ci)

C- 14 2.93E-04

Na-24 2.77E-02

P-32 4.12E-03

P-33 4.54E-04

Sc-46 1.26E-02

Fe-59 7.74E-03

Co-60 1.54E-02

Se-75 2.41E-03

Sr-89 3.46E-03

Sr-90 1. 16E-03

Y-90 5.54E-03

Zr-95 5.06E-03

Nb-95 4.80E-03

Sb- 124 1.33E-02

Ba- 135 Stable isotope

Ba-I 37m 3.92E-03

Cs-137 1.11E-03

Sm- 153 1.94E-03

Ho- 166 4.29E-03

Yb- 169 2.51E-03

Yb- 175 1.00E-03

Hf- 181 4.38E-03

hr-192 6.13E-03

As can be seen in the table, Ba-135 is a stable isotope and does not decay.

In terms of Cs- 137, it is assumed that this isotope is combined with Ba- I 37m (due to the short

half-life of Ba- 137m). As a result, the heat load for Cs- 137 in Section 3.0 contains the heat load

from Ba-137m as well.

The value for Sr/Y90 in Section 3.0 is determined by conservatively summing the heat loads for
Sr-90 and Y-90.
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GE Hitachi Nuclear Energy 0000-0100-5259-R3
Title: AOS Cask Isotopic Heat Load for Numerous Isotopes Originator: E. Kirstein NACOE

DRF Number: 0000-0094-2960
Verified Final GEH External Date: 5/27/09 Sheet 3 of 4

Nb-95 is a daughter of Zr-95. Due to the similar and relatively short half-lives of the parent and
daughter isotopes, it is assumed that the Zr/Nb-95 source is in transient equilibrium. During
transient equilibrium, the activity ratio of the parent and daughter are determined by the equation:

ANb )Nb
= _ = 2.40

Azr 'Nb - 'Zr

where:

ANb `

A~r=

Activity of Nb (daughter)

Activity of Zr (parent)

2 Nb = Nb decay constant

2Zr = Zr decay constant

Thus, the gammas emitted due to the decay of Nb-95 are approximately 2.4 times as frequent as

the gammas emitted due to the decay of Zr-95. The equation is confirmed using basic Bateman
equations. This is taken into account in the calculation of the relative emission probabilities of
the more-probable gamma particles and also the number of gammas emitted per disintegration.

As a result, the Zr/Nb-95 heat load is calculated by taking the Zr-95 heat load value and adding
it to 2.4 times the Nb-95 heat load. The resulting value is 1.66E-02 W/Ci for Zr/Nb-95.
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II
GE Hitachi Nuclear Energy I 0000-0100-5259-R3 I

Title: AOS Cask Isotopic Heat Load for Numerous Isotopes Originator: E. Kirstein NACOE

DRF Number: 0000-0094-2960
Verified Final GEH External Date: 5/27/09 Sheet 4 of 4

1 3.0 Conclusions

The table below summarizes the results:

Isotope Heat Load

(W/Ci)

C- 14 2.93E-04

Na-24 2.77E-02

P-32 4.12E-03

P-33 4.54E-04

Sc-46 1.26E-02

Fe-59 7.74E-03

Co-60 1.54E-02

Se-75 2.41E-03

Sr-89 3.46E-03

Sr/Y-90 6.70E-03

Zr/Nb-95 I .66E-02

Sb-124 I .33E-02

Ba-135 Stable isotope

Cs- 137 5.03E-03

Sm- 153 1.94E-03

Ho- 166 4.29E-03

Yb-169 2.51E-03

Yb- 175 1.00E-03

Hl'- 181 4.38E-03

1r-192 6.13E-303
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5.5.2 Data CDs

All thermal input/output files, as well as all Autodesk Inventor files, are attached on the Compact Discs
(CDs), as listed below:

• CDs 1, 2, and 3 - All analytical files, including the LIBRA FE program

* CD 4 - Autodesk Inventor files
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6 CRITICALITY EVALUATION

Note: No content, other than the image below, is provided in this chapter. A criticality evaluation
is not applicable, because fissile material is not requested as content.

4,

" Fissile content
= Dimensions and toleranceý
" Neutron absorbers
" Moderating materials

Models
Computer codes
Cross-sections
Single-package analysis

" Array analysis (Normal c
of transport)

" Array analysis (Hypothelii
Accident conditions of tra

Re.<

" Biases
" Uncertainty
" K-effective
• Transport index
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7 PACKAGE OPERATIONS

Thermal Evaluation

" Temperatures
Table 3-4

" Pressures
Table 3-3
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7.3.4.3
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" Dose rates
5.1.2

" Streaming paths
" Pre-shipment tests
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Package Operations, Chapter 7
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• Preparation for loading - 7.3.3 * Receipt of package - 7.4.1 * Contamination limits - 7.5.4
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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.

This chapter summarizes instructions for AOS Transport Packaging System use. A more detailed
description of these instructions is included in the site-specific procedure developed by each authorized
packaging user to comply with their site programs. However, these site-specific procedures must comply
100% with this chapter's requirements. During actual operation, these procedures can be supplemented
with engineering personnel, training classes, and/or other site-specific procedures, as applicable.

Part of the operating procedure is a Pre-Shipment Engineering Evaluation, Paragraphs 502 [7.1],
71.87 [7.2], and 173.475 [7.3]. The evaluation is used to ensure that the packaging, with its proposed
contents, satisfies the applicable requirements of the transport package's license or certificate. This
evaluation includes, but is not limited to, review of the following:

* Proposed contents' isotopic composition, quantities, and decay heat

* Proposed contents' form, weight, and geometry

* Shielding requirements

* Structural requirements

* Thermal requirements

* Pressure requirements

• Shipping hardware (liners, racks, dividers, baskets, shoring devices, and so forth)

Figure 7-1 through Figure 7-4 provide isometric views of each model's packaging (Models AOS-025A,
AOS-050A, AOS-100A/AOS-100A-S, and AOS-165A, respectively).

Models AOS-025 and AOS-050 are transported vertically, using a pallet design, as illustrated in Figure 7-1
and Figure 7-2, respectively. Models AOS-100 and AOS-165 are transported horizontally, using a cradle
arrangement, as illustrated in Figure 7-3 and Figure 7-4, respectively. This distinction is due to the specific
package's size and weight.
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Figure 7-1. Transport Package, Isometric View - Model AOS-025A
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Figure 7-2. Transport Package, Isometric View - Model AOS-050A
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7.1 SUMMARY OF OPERATING REQUIREMENTS AND RESTRICTIONS

The following summarizes the operating requirements and restrictions:

a. Review all requirements imposed by the package's licensing agency certificate.

b. Ensure that personnel involved in Transport Packaging System operation are familiar with all
documents pertinent to the operation and maintenance of the packages, and that they have
received HAZMAT training, per Paragraph172.704 [7.9].

c. Review Table 7-1 (which lists the packages and their components weights), for the purpose
of selecting the proper handling devices.

d. Review Table 7-2, Table 7-3, and Table 7-4, to be apprised of the packaging surface
temperature and cavity pressures. These values represent maximum conditions.

e. Review the Activity Limits listed in Table 7-5. These values represent maximum conditions.

f. Review the AOS Transport Packaging System drawings listed in Table 7-6, in preparation
for Receiving Inspection.

Table 7-1. AOS Transport Packaging System Dimension and Weight Summary - All Models

Dimensions (cm / in.) Weight (kg /lbs.).
0
4. Packaging Cask Cavity

Limiter Conten
Model 0 GD Height OD Height OD Height Packaginga Cask s t

28.96 39.62 17.78 22.86 4.14 12.70 71.4 53.6 11 6.8
AOS-025A III

11.40 15.60 7.00 9.00 1.63 5.00 157 118 24 15

57.96 79.25 35.56 45.72 8.26 25.40 511 431.2 52.6 27.2
AOS-050A III

22.82 31.20 14.00 18.00 3.25 10.00 1,126 950 116 60

115.93 158.50 71.12 91.44 16.51 50.80 3,950 3,451 272 227
AOS-100A II

45.64 62.40 28.00 36.00 6.50 20.00 8,700 7,601 599 500

115.93 158.50 71.12 91.44 16.51 50.80 3,232 2,823 272 227
AOS-100B III

45.64 62.40 28.00 36.00 6.50 20.00 7,125 6,218 600 500

115.93 158.50 71.12 91.44 16.51 50.80 3,901 3,402 272 227
AOS-100A-S II

45.64 62.40 28.00 36.00 6.50 20.00 8,600 7,500 600 500

191.26 264.16 117.35 150.88 27.23 83.82 18,234 14,968 2,268 998
AOS-165A I

75.30 104.00 46.20 59.40 10.72 33.00 40,200 33,000 5,000 2,200

191.26 264.16 117.35 150.88 27.23 83.82 15,535 12,270 2,268 998
AOS-165B I

75.30 104.00 46.20 59.40 10.72 33.00 34,250 27,050 5,000 2,200

a. All AOS Transport Packaging System models have dimensions greater than 10 cm (4 in.).
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Table 7-2. Normal Conditions of Transport Temperature Summary - All Models

Maximum Temperatures

AOS-100A
AOS-025A AOS-050A AOS-100A-S AOS-100B. AOS-165A- A• OS-1 6513

Package Component oC OF °C °F °C OF °C OF T C OF. 'C OF

Cask Cavity 99 210 128 263 126 258 126 259 365 689 202 395

Shielding Material 98 209 125 257 121 250 122 251 329 623 187 369

Cask Seal Area 98 208 123 254 118 245 118 245 304 580 177 350

Cask Test Port 98 208 123 253 116 241 116 241 289 553 171 339

Cask Drain Port 98 208 124 254 116 242 116 242 290 555 171 340

Cask Vent Port 98 208 123 254 118 245 118 245 305 580 177 350

Cask Outside Surface 98 208 122 252 115 239 115 239 266 510 162 324

Impact Limiter Foam Material 98 208 124 255 119 246 119 246 311 592 180 355
Overpack Accessible OutsideOvrpack A .87 189 95 202 79 174 79 174 80 176 80 176
Surf acea

a. Listed temperatures are on the overpack and cask surfaces, and not at the personnel barrier surface.
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I Table 7-3. Maximum Cask Cavity Pressure Due to Normal Conditions of Transport - All Models

'Volume ' Temperaturea Pressureb Design Pressurec
Model . in 3r o °F, kPa psia . kPa psia

AOS-025 0.17 10 99 210 126 18 < 207 30

AOS-050 1.36 83 128 263 136 20 < 414 60
AOS-1 00AAOS-100A 11.21 684 126 258 135 20 < 1,931 280AOS-100OA-S

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

AOS-165A 49 2,978 365 689 209 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 is based upon the ideal gas law, where:

P_ _ P 2V_ = P1  _ P 2
T, T2 T, T2

Initial Condition Final Condition

P, = 14.7 psia P2 = ?

T, = 78°F T2 = 256°F

P=e (256 + 460) , 14.7 = 19.56 psia

(78 + 460)

c. Model AOS-100 and AOS-165 transport packages - Pressure value is based upon design conditions.

Table 7-4. Maximum Cask Cavity Pressure Due to Fire Conditions - All Models

Volume Temperature a Pressure Design Pressureb

Model I in3  °C °F kPa psia kPa psia

AOS-025 0.17 10 149 300 143 21 < 207 30

AOS-050 1.36 83 205 401 162 24 < 414 60
AOS- 100AAOS-100A 11.21 684 174 346 155 23 < 1,931 280AOS- 100A-S

AOS- 100B 11.21 684 183 360 155 23 < 1,931 280

AOS-165A 49 2,978 375 707 220 32 < 1,517 220

AOS-165B 49 2,978 232 449 220 32 < 1,517 220

a. Temperature listed is the maximum value obtained throughout Hypothetical Accident conditions
of transport events.

b. Model AOS-100 and AOS-165 transport packages - Pressure value is based upon design conditions.
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Table 7-5. Activity Limits - All Models

Model

AOS-025 AOS-050 AOS-100 AOS-165 .

A (1OW) A (100W) A,,A-S (400W) B (400W)- .. A (7 kW) _-B': (2.5 kW)

lsotopea Ci/Wattb TBq Ci TBq Ci TBq Ci -TBq .Ci TBq. Ci TBq Ci

Co-60 6.49E+01 8.73E-03 2.36E-01 1.05E-01 2.84E+00 7.47E+02 2.02E+04 5.99E+00 1.62E+02 1.68E+04 4.54E+05 6.01 E+03 1.62E+05

Cs-137 1.99E+02 1.28E+00 3.45E+01 1.28E+01 3.46E+02 2.94E+03 7.95E+04 1.84E+01 4.97E+02 5.16E+04 1.39E+06 1.84E+04 4.98E+05

Hf-181 2.28E+02 - 6.25E+01 1.69E+03 3.38E+03 9.13E+04 9.25E+01 2.50E+03 5.91E+04 1.60E+06 2.11E+04 5.70E+05

lr-192 1.63E+02 5.48E+00 1.48E+02 3.63E+01 9.81E+02 2.41E+03 6.53E+04 5.77E+01 1.56E+03 4.23E+04 1.14E+06 1.51E+04 4.08E+05

Zr/Nb-95 6.02E+01 - 2.09E+00 5.66E+01 8.92E+02 2.41 E+04 3.74E+00 1.01 E+02 1.56E+04 4.21 E+05 5.57E+03 1.51 E+05

C-14 3.41E+03 1.26E+03 3.41E+04 1.26E+04 3.41E+05 .

Fe-59 1.29E+02 2.16E-02 5.85E-01 2.02E-01 5.46E+00

Ho-166 2.33E+02 1.01E+00 2.74E+01 3.89E-01 1.05E+01

Na-24 3.61E+01 2.58E-03 6.97E-02 1.55E-02 4.19E-01

P-32 2.43E+02 8.98E+01 2.43E+03 8.98E+02 2.43E+04

P-33 2.20E+03 8.15E+02 2.20E+04 8.15E+03 2.20E+05

Sb-124 7.52E+01 1.16E-02 3.13E-01 1.62E-02 4.38E-01

Sc-46 7.94E+01 2.05E-02 5.55E-01 1.05E-01 2.84E+00

Se-75 4.15E+02 1.54E+02 4.15E+03 1.05E+02 2.84E+03

Sm-153 5.15E+02 1.91E+02 5.15E+03 8.73E+02 2.36E+04

Sr/Y-90 1.49E+02 5.52E+01 1.49E+03 5.52E+02 1.49E+04

Sr-89 2.89E+02 1.07E+02 2.89E+03 1.07E+03 2.89E+04 .

Yb-169 3.98E+02 1.47E+02 3.98E+03 2.10E+02 5.67E+03

Yb-175 1.OOE+03 3.70E+02 1.00E+04 2.67E+03 7.21E+04

Use of Axial Use of Axial
Shielding Plates Shielding Plates

Shipping Use of Liner No additional 183C8491 may 183C8491 may No additional Use of Liner
Configuration 183C8485 is required shielding is required be needed for be needed for shielding is required. 183C8499 is required

large-quantity large-quantity
shipments of Co-60 shipments of Co-60

a. Encapsulated solid material or solid metal that meets Normal or Special form criteria.

b. For detailed calculations of these values, refer to Chapter 5, Appendix 5.5.1, 'AOS Cask Isotopic Heat Load for Numerous Isotopes Report."
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Table 7-6. AOS Transport Packaging System Certification Drawing List - All Models

Model- Assembly Rev. Impact Limiter Rev. Cask -Rev., Liner/Plates .IReV.

AOS-025A 166D8142 B 105E9722 B 166D8143 B 18308485 B

AOS-050A 105E9718 B 166D8138 B 166D8137 B - -

AOS-100A 105E9711 B 105E9713 B 105E9712G001 B 18308491 B

AOS-100B 105E9711 B 105E9713 B 105E9712G002 B - -

AOS-100A-S 105E9711 B 105E9713 B 105E9719 B 18308491 -

AOS-165A 105E9707 B 105E9709 B 105E9708G001 B - -

AOS-165B 105E9707 B 105E9709 B 105E9708G002 B 18308499 B
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7.2 GENERAL INFORMATION

The following lists general information about package operations:

a. Transport package users must develop a detailed operating plan. This plan must include
handling and operating instructions based upon this section of the Safety Analysis
Report (SAR). The plan should include appropriate quantitative and qualitative criteria
for determining that important activities (those activities that demonstrate compliance)
have been satisfactorily accomplished.

It is recommended that the following outline be used in developing such plan:

1.0 Purpose

2.0 Tools and Equipment

3.0 Precautions and Limitations

4.0 Pre-shipment Evaluation

5.0 Procedure

5.1 Pre-lifting Checks

5.2 Packaging Dismantling

5.3 Preloading Checks

5.4 Packing and Assembly Procedure

5.5 Pre-shipment Checks

5.6 Methods of Securing Packaging for Transportation

6.0 Return to Normal

7.0 Records and Reporting Requirements

8.0 Reference

b. AOS can provide guidance in the development of such plan.

c. Review maintenance records, to ensure that maintenance and inspection of the packaging
are current.
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7.3 LOADING OF PACKAGING

Operations at the loading facility must include a span of activities, from receiving and inspecting the
package, to preparing the loaded transport package for shipment. Each loading facility must provide fully
trained personnel and detailed operating procedures to cover all these activities.

7.3.1 Receiving and Inspecting the Transport Package

To receive and inspect the transport package:

a. Position the transport vehicle in the Receiving Inspection area.

b. Visually inspect the transport package for damage.

c. Verify that the radiation and contamination levels are in compliance with regulatory
requirements - Paragraphs 508 and 530 through 532 [7.1], 71.47 and 71.87(i) [7.2],
173.441 and 173.433 [7.3], and 20.1906(b)(3) [7.4].

d. Record any finding(s), and notify the Job Supervisor for proper disposition of the finding(s).

7.3.2 Removing the Transport Package from the Transport Vehicle

To remove the transport package from the transport vehicle:

a. Position the transport vehicle, in the job staging area, for transport package removal.
This operation can be aided by use of an overhead crane or forklift truck.

b. Position the spreader bar or forks, then connect the appropriate slings and shackles
to remove the personnel barrier.

c. Depending upon site-specific issues, do one or more of the following:
" Remove the personnel barrier and tie down the hardware.
• Remove the impact limiters from the cask, then place the impact limiters in

temporary storage.
" Lift and remove the entire package from the transport vehicle, then set down the

package. Next, remove the impact limiters from the cask, then place the impact
limiters in temporary storage.

d. Remove the cask, using the appropriate rigging equipment.

e. Transfer the cask to the loading area.

Note: For the Model AOS-025A and AOS-050A transport packages, the upper impact limiter
can be removed only to gain access to the cask.
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7.3.3 Preparing for Loading

Note: Repairs and/or replacements require prior AOS notification and approval.

To prepare the transport package for loading:

a. Perform a visual inspection. Note any damage or unusual conditions. If part functionality
is impaired, repair or replace the part, as required, and document the repair or replacement,
then reinspect the part.

b. Depending upon the particular transport package model, remove the cask trunnions and install
a lifting device specific to the facility. If using a forklift to transport the cask, protect the cask
surface and secure the cask to the forks by straps. If lifting by crane, with or without a spreader
bar, the lifting slings must not make an angle of greater than 30', measured from the vertical.

c. With proper radiological protection and monitoring, remove the closure lid for visual inspection
of the cavity.

d. Record any finding(s), and notify the Job Supervisor for proper disposition of the finding(s).

e. Visually inspect the cask and lid sealing surfaces for damage or foreign material.
Repair or replace damage noted, as required, then reinspect.

f. Visually inspect the cask seal for damage. Repair any gouges or cuts in the seal area,
as required, then reinspect.

g. Remove the lid plug.

h. Replace the metallic lid seal, before loading.

i. Install the lid guide pins 900 apart. Use of the lid guide pins is mainly required for
underwater operation.

0
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7.3.4 Loading of Contents

7.3.4.1 Loading Irradiated Fuel into the Cask

Note: Not applicable. Fuel is not an authorized content for the AOS Transport Packaging System.

7.3.4.2 Loading Irradiated Hardware or Other Contents

To load irradiated hardware or other contents:

a. Place the hardware or radioactive material, including isotope sources, into a shoring
device (such as a rack, basket, or other such device).

The liner and shielding plates listed in Table 7-7 are used during the shipment
of radioisotope capsules, either in normal or special form.

b. Shore the load within the cavity, if needed.

c. Install the lid plug into the cask.

Table 7-7. Additional Required Shielding

Model Device Drawing No. Rev. Comments

AOS-025A Liner 183C8485 B

AOS-100A Plates 183C8491 B May be needed for large-quantity shipments
AOS-100A-S of Co-60.

AOS-165B Liner 183C8499 B

7.3.4.3 Installing the Cask Closure Lid

To install the cask closure lid, after verifying that the seal is properly installed, use proper rigging to slowly
lower the lid onto the cask, over the lid guide pins. Carefully monitor this operation, to ensure that the lid is
properly aligned.
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7.3.5 Preparing for Transport

7.3.5.1 Removing the Cask from the Loading Area

To remove the cask from the loading area in preparation for transport:

a. Carefully measure the cask radiation levels while removing the cask from the storage basin
or cell area.

b. Hand-tighten the lid bolts.

c. Decontaminate the cask to a level consistent with Paragraphs 508 [7.1], 171.87(i) [7.2],
and 173.433 [7.3].

7.3.5.2 Securing the Cask Lid

To secure the cask lid in preparation for transport:

a. Torque the lid bolts in a criss-cross pattern, with a final pass all the way around, to ensure even
seal compression. (Refer to Table 7-8.)

b. If the cask was loaded under water, drain the cask by removing the drain and vent ports cover
and threaded plug. To displace any remaining water within the cavity, flush the cavity with
dry air or nitrogen. After the cask is drained and most water has been removed from the
cask cavity, vacuum-dry the cavity until 1 torr pressure is obtained. The pressure within
the cavity must be maintained at or below 1 torr, for at least 30 minutes. The discharged
gas of the vacuum pump is filtered. Figure 7-5 presents a typical vacuum drying system
setup and the equipment to be used for this process.

If the vacuum pump used in this procedure is equipped with a "gas ballast" device,
turn off the device during the cask vacuum drying operation. The gas ballast device
is used to dry any moisture that may be trapped in the vacuum pump oil. If it is necessary
to remove water vapor from the pump oil during the vacuum drying operation, isolate the
system. Turn on the gas ballast device until the water vapor is removed from the oil, turn
off the gas ballast, then place the system back online.

c. Install the drain, port plugs, vent port plugs, and covers after the drying operation is complete,
as applicable. Prior to installation, apply pipe thread sealant on the plug thread areas.
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Table 7-8. Bolt Size and Pre-Torque - All Models

Pre-Torque

Model, Function 'B . - olt Size /IASME Standard.;' N-rn lbf-ft

Lid Bolt 3/8-16 UNC-1A / ASME SB-637 UNS N07750 TYPE 3 47 35

AOS-025 Trunnion Bolt 1/4-28 UNF-2A/ASME SA-193, Grade B6 47 35

Trunnion Screw 4-40 UNC-2A / ANSI B.18.3 HAND TIGHT

Lid Bolt 1/2-13 UNC-1lA/ ASME SB-637 UNS N07750 TYPE 3 85 63

AOS-050 Trunnion Bolt 3/8-24 UNF-2A/ASME SA-193, Grade B6 108 80

Trunnion Screw 5-40 UNC-2A / ANSI B.18.3 HAND TIGHT

Lid Bolt 7/8-9 UNC-1A / ASME SB-637 UNS N07750 TYPE 3 678 500

AOS-100 Trunnion Bolt 3/4-16 UNF-2A/ASME SA-193, Grade B6 407 300

Trunnion Screw 1/4-20 UNC-2A / ANSI B.18.3 HAND TIGHT

Lid Bolt 1 1/4-7 UNC-1A / ASME SB-637, UNS N07750 TYPE 3 1,356 1,000

AOS-165 Trunnion Bolt 1-12 UNF-2A/ASME SA-1 93, Grade B6 746 550

Trunnion Screw 3/16-16 UNC-2A / ANSI B.18.3 HAND TIGHT

vACuuu CAUGC C.atf

SK98031

Figure 7-5. Typical Vacuum Drying System Setup and Equipment
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7.3.5.3 Performing Assembly Verification Leak Testing
("Normal" Form Content Only)

Note: Repairs and/or replacements require prior AOS notification and approval.

To perform Assembly Verification Leak Testing in preparation for transport:

a. Perform leak testing of the cask closure seal, drain and vent threaded pipe plugs, with
a thermal conductivity sensing instrument or mass spectrometer device, sniffer method.
These types of instruments are sensitive to detect and quantify the presence of helium in a
gas stream. Pressurize the cask cavity with 104 kPa (15 psia) pressure (approximately the
same background pressure in the cask cavity, with helium present). Helium can be introduced,
using the "quick connect" fitting at the vent port. (Refer to Paragraph 7.3.5.2 for test setup.)

b. Set up the test instrument, in accordance with written procedures and the manufacturer's
instructions.

c. With the instrument calibrated to a sensitivity of at least 1 * 10-5 cm 3/sec (helium), check
the package containment by sniffing with the test instrument, through the test port, the volume
between seal cross sections and around the threaded joint area of the drain and vent pipe
plugs, for indications of leakage.

d. If leakage is detected in the checks performed in step c, repair or replace the malfunctioning
component(s) and re-test for leakage (repeat step c).

7.3.5.4 Preparing the Cask for Transport of Irradiated Fuel

Note: Not applicable. Fuel is not an authorized content for the AOS Transport Packaging System.
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7.3.5.5 Preparing the Cask for Transport of Radioactive Material

To prepare the cask for transporting radioactive material:

a. Transport the cask to the staging area.

b. Remove any site-specific lifting devices from the cask, then install the cask trunnions.

c. Models AOS-025 and AOS-050 - If the impact limiter was left on the pallet, place the cask
in the impact limiter/pallet assembly. If the complete package was removed, then place
the bottom impact limiter on the pallet and the cask in the impact limiter. Then, install
and secure the top impact limiter.

Models AOS-100 and AOS-165 - Position the spreader bar or forklift over the cask, for the
cask's placement into the shipping cradle, with the proper slings and shackles connected.

d. Models AOS-100 and AOS-165 - After the cask is properly positioned and secured within
the shipping cradle, install and secure the impact limiters.

Note: Models AOS-025 and AOS-050 require that one impact limiter be installed first on the pallet,
before inserting the cask into the pallet.

e. ADclv safetv wires and securitv seals to the latch oins and turnbuckles, as illustrated

f.

g.

in Figure 7-6 and Figure 7-7, respectively.

Install the personnel barrier, if required.

The transport package does not contain any parts nor devices that need to be rendered
inoperable, pursuant to Paragraphs 608 [7.1], 71.45(a) [7.2], and 173.410(b) [7.3].

h. Complete the radiological survey of the transport package and transport vehicle, consistent
with Paragraphs 508 and 530 through 532 [7.1], 71.47 and 71.87(i) [7.21, 173.441 and
173.433 [7.3], and 20.1906(b)(3) [7.4].

i. Apply the security seal to the overpack, as illustrated in Figure 7-8.
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0
URITY SEAL

2 LATCH PINS (MIN I

Figure 7-6. Latch Pin Safety Wire and Security Seal

Figure 7-7. Turnbuckle Safety Wire and Security Seal
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Figure 7-8. Overpack Safety Wire and Security Seal
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7.4 UNLOADING THE TRANSPORT PACKAGE

Operations at the unloading facility are largely the reverse of loading operations. Each unloading facility
must provide fully trained personnel, and will be supplied with detailed operating procedures to cover all
activities, as required by 10 CFR 71.89 [7.2].

7.4.1 Receiving the Transport Package from the Carrier

To receive the transport package from the carrier, repeat steps a through d in Subsection 7.3.1.

7.4.2 Removing the Contents

To remove the transport package contents, repeat steps a through e in Subsection 7.3.2.

7.4.2.1 Preparing to Unload Fissile Material

Note: Not applicable. Fuel is not an authorized content for the AOS Transport Packaging System.

7.4.2.2 Preparing to Unload Irradiated Hardware or Other Contents

Note: Repairs and/or replacements require prior AOS notification and approval.

To prepare to unload irradiated hardware or other contents:

a. Perform a visual inspection. Note any damage or unusual conditions. If part functionality
is impaired, repair or replace the part, as required. Perform a radiological survey of the
cask surfaces, in accordance with the user (site) procedure.

b. If the cask is to be unloaded in air at a waste disposal facility, prepare the cask for unloading,
following a procedure developed by the waste disposal facility and reviewed by AOS.

7.4.2.3 Unloading Fissile Material from the Cask

Note: Not applicable. Fuel is not an authorized content for the AOS Transport Packaging System.

7.4.2.4 Unloading Irradiated Hardware or Other Contents

To unload irradiated hardware or other contents:

a. Follow a disposal site procedure when unloading irradiated hardware in air at a disposal site.

b. If the irradiated hardware is unloaded underwater or in a hot cell, perform the work as specified
by the user (site) procedure.

7.4.2.5 Installing the Cask Closure Lid

To install the cask closure lid, use proper rigging to slowly lower the lid onto the cask, over the lid guide
pins. Carefully monitor this operation, to ensure that the lid is properly aligned.

Note: Verify that the cask contents have been removed and that the cask cavity is empty
of any material before placing the lid onto the cask.
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7.4.2.6 Removing the Cask from the Staging Area

To remove the cask from the staging area:

a. Install and hand-tighten the lid bolts.

b. Remove the cask to the storage area.

7.4.2.7 Securing the Cask Lid

To secure the cask lid, repeat steps a through c in Paragraph 7.3.5.2.

7.5 PREPARING AN EMPTY PACKAGE FOR TRANSPORT

This section describes operations that are typically performed after transporting radioactive material.

7.5.1 Inspecting the Cask Cavity

To inspect the cask cavity:

a. Remove the lid and lid plug from the empty cask.

b. Perform a radiological survey of the cavity, to determine the extent of any contamination,
in accordance with the user (site) procedure.

c. If the cask is shipped as an empty container, decontaminate the cavity to the limits defined
in Paragraphs 520 [7.1], 71.10(b)(1) [7.2], and 173.428 [7.3].

d. Visually inspect the cavity to ensure that all moisture is removed. If moisture is present,
dry the cask cavity. (The drying instructions provided in Paragraph 7.3.5.2, or other methods,
can be used.)

7.5.2 Installing and Securing the Cask Closure Lid

To install and secure the cask closure lid:

a. Using proper rigging, slowly lower the lid plug and lid onto the cask, over the lid guide pins.
Carefully monitor this operation, to ensure that the lid is properly aligned.

b. Torque the lid bolts in a criss-cross pattern, with a final pass all the way around, to ensure
even seal compression.

c. Inspect the cask to ensure that the drain port plugs, vent port plugs, and covers are
properly installed.

7.5.3 Leak Testing to Verify the Assembly

Note: Not applicable. Leak testing is not performed on empty containers.

7.5.4 Preparing the Empty Cask for Transport

Decontaminate the external surfaces of the cask, to a level consistent with Paragraphs 508 [7.1],
71.47 [7.2], and 173.441 [7.3].
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7.5.5 Records and Reporting Requirements

7.5.5.1 Records for Each Shipment

AOS Transport Packaging System users must maintain records of their shipments, per the requirement of
10 CFR 71.91 [7.2], for at least two (2) years. In addition, shipment radiological surveys and monitoring
must be recorded, per 10 CFR 20.401(b) [7.4]. All records must be maintained, as per requirements
documented in 10 CFR 21.51 [7.5].

7.5.5.2 Records for Package History

AOS maintains all historical records of the AOS Transport Packaging System, at their headquarters
QA office. These records fulfill the requirements of 10 CFR 71.85 [7.2], and are available to the NRC for
inspection, upon request.

7.5.5.3 Reports

All notifications shall be as required by the applicable portion of 10 CFR 21 [7.5] and 10 CFR 73 [7.6].

Report all incidents that involve any significant reduction in package effectiveness during use, as well as
any defect of safety significance, found after the first use of the package and thereof, any loss or theft of
licensed material, radiation exposure to personnel or to the public above the limits specified in
10 CFR 20.403(b) [7.4], contamination or suspected contamination, and any fire, spillage or breakage, as
required by 10 CFR 71 [7.2], 10 CFR 20 [7.4], 49 CFR 171 [7.7], and 49 CFR 174 [7.8].

7.5.6 Other Operations

No other operations are identified at this time.
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7.6 APPENDIX

7.6.1 Typical Operating and Maintenance Procedures
(for Illustrative Purposes Only)
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1. PURPOSE/SCOPE

To provide instructions for handling the GE-2000 transportation package (ref. Fig. 1, Model-2000

Transport Package) at HFEF in accordance with the General Electric-Vallecitos Nuclear Center

(GE-VNC), Operations and Maintenance of Model 2000 Transport Package Spe i/at•n

Document. The GE-2000 cask is licensed by the Nuclear Regulatory Comm/ ion RkJuider

the licensing certificate USINRC USA/9228/B(U) F-85. The general sequl ncef1r an•i_ e

GE-2000 cask at HFEF is described in drawing Dwg. W7520-0600-ED, Op ational ScIlen

GE2000 Cask Handling at HFEF. The general handling steps for receipt, unload, L. i

of the GE-2000 cask are summarized as follows:

" Receive the trailer with the GE-2000 7A equipmen box an stage lated quipment.

" Receive and stage the cask shutter shie d, shield ig, d cask- art a apter in the

truck lock. )

* Install the cask-cart adapter on te cask"artnd r move the h0g'h-bay hatches.

* Receive a dry (empty or loadd) G' -2000 cas , vertically tied down within its

assembled overpack into the truk- locl.

* Stage the trailer with ca k art loosen the tt cables prior to disconnecting the

transport tractoifr'om theaile d pla . e 6 x "-in. blocks under the front of the

trailer.

Remove the overpac \-downs, unbolt the overpack, and lift the overpack cover off

the verpack ba se

0 stall four-auxiliary ifting ears on the cask and hoist the cask onto the cask cart.

S Vent ,tthe cask toh'e-cell"exhaiust system and remove the cask-lid bolts.

* Install he shutter shield and remove the cask lid.
\ V ,/

- install the basket guide and the transfer-lid assembly on the cask.

• 2 Reinve the shutter shield and install the shield ring.) e
* Move he cask under the main cell and bag-in the cask to cell penetration I Ml.

.-- Lift the inner transfer lid and shipping basket into the main cell.

* Replace the inner transfer lid and bag out the cask.

<-- ý Remove the shield ring and place the shutter shield oni the cask.

* Remove the transfer lids, shipping basket, and basket guide from the cask.

* Remove the shutter shield.

* Using the elephant trunk and Tygon tubing, evacuate the argon from the cask; then

perform a contamination survey, decontaminate as necessary, and verify the internal

contaminations limits are within specification.
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* Reinstall the cask lid, pump down the cask, and return the cask to the overpack base.

* Remove the auxiliary lifting ears and reinstall the overpack cover.

* Install the overpack bolts and tie-downs and remove the cask and trailer from the

truck lock.

Receive the GE-2000 7A equipment box trailer; reload related equip nt ship the

GE-2000 7A equipment box.

Replace deck plates and transfer the cart adapter, shutter shiel a s el in

storage.

Since the cask will be shipped empty from the Materials and F els Complex (MF I it i not

necessary to leak test and vacuum dry the cask prior to ship .,en.

2. SYSTEM DESCRIPTION

2.1 GE-2000 Cask

The GE-2000 cask (ref. GE Dwg. 105SE 207 dcl 'hipping Cask and Fig. 2, GE-2000

Cask) is an NRC approved, steel-enes/ed, ead-sh'lded shfip ping cask owned by GE-VNC, who

holds Certificate of Compliance.( , UA/9'228,/BiJ)F-85. he cask is designed to transport

muu d, rodu, source, or special nuclear materialsmultiple payloads including,,iiradiat ; souce

(SNM): irradiated Highý- l(uxIbo opeA ac'X , --R) uel assemblies, irradiated
tre e m•rý

Tower- Shi elding-React TSR eit irradiated Materials Test Reactor (MTR)-type fuel

assemblies: and Training, Rs anzrc,•l ,1.sotop> General Atomics (TRIGA) fuel elements. The

GE-2000 cask/weighs 23,750 lb Overall, the transport package (with overpack) is 131.5 in. long
by 72-in. diameter (ref Ir. Du'ringipment, the cask is enclosed within the overpack, which

diaete~rf.Fi . 6 W D l,
provides im act I1nnitr on the top nd bottom ends of the cask. The cask with its 10,200-lb

overpack, has a gross/ackageshipping weight of 33,950 lb with maximum payload. The

rmaximum removable wýight allowed within the cask cavity (including shoring, baskets, spacers,

/and radioact~iye materials) must be <5,450 lb.
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The cask body consists of two concentric, l-in.-thick, 304-stainless-steel cylindrical shells

(ASTM 240) joined at the bottom end to a 6-in.-thick 304-stainless-steel forging. The annulus

between the two shells is filled with lead approximately 4-in. thick. The cask external dimensions

(without overpack) are 71 in. long by 38.5-in. outside diameter (OD). The cask intern 1 cavity

dimensions are approximately 54 in. long by 26.5-in. diameter. The cask lid is 8.6 in. t ick with

a 34.75-in. OD and is made of 304 stainless steel and filled with lead; it haae and

is fully recessed into the top flange. The lid weighs 2,000 lb and contains r n

1-in.-diameter, U-shaped, lid handle welded to the top of the lid for lid rei val 1T lid

secured to the cask body by 15 1.25-in.-diameter socket-head screws. The cas` Is saeb

elastomeric O-rings bonded to a thin aluminum disc-shaped rin•. The cask is equipettwi as eal

test port (located on the side of the cask body), a vent port ,!ated'in the cask lid) anda drain

port (located at the bottom of the cask on the side). Each poi onfsist• an inner pip plug and

an outer plug cover with an 0-ring used to seal the co r.r !! 4

The cask is equipped with three types of pree gineered sk iiting ears'V andard, auxiliary,

and optional (or trunnion). For lifts at HFE lthe cak\uses tbefour auxiliary ears that are bolted

to a permanent mounting plate wel dedtolth~etop end of the cask. Each auxiliary ear

(weight 40 lb) is attached to the c k using fo'u.r bolts .The ears must be removed prior to placing

the cask within the overpack. The li ing rs, GEshandling equipment, leak.,
test, vacuum drying equipl .'isceeulanu's tools,'and supplies are shipped separately from the

(/n - \ p n box
cask on a second traile iacked within 'XDOT\7XeQynpment box.

2 .2 O v e r p a c k 
k r e .

The GE-2 00-cask overpack.. ref. Dwg. 105E9521, Model-2000 Cask Overpack) is a

two-piece ii pact kmitej that completely encloses the GE-2000 cask. A 304-stainless-steel

toroidal shell mpac6\Amite is.•ttached to each end of the overpack. The overpack is constructed

of 0 5 in.-thick, 304 stainless steel in concentric cylindrical shells and has an overall length

<ofl -~-5. •Ihe-' ilpactlimiter has a maximum diameter of 72 in. Gussets on the upper and base

~sections of the overpack sections provide features for lifting and tie down. The overpack cover is

bo ted on just above the lower impact limiter (overpack base) to allow access to the cask. The

ov0efpaet boltsare installed horizontally into the side of the overpack. The two sections of the

,rpackare joined together using 15 1-3/8-in.-diameter shouldered screws. The total weight of

the overpack is 10,200 lb.
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2.3 Double-Drop Low-Boy Trailer

The GE-2000 transportation package is shipped over the highway using a special double-drop

lowboy trailer, which has 10-ft-long front and rear decks, and a 26-ft-long dropped center deck.

Clearance between the trailer and roadway is approximately 6 to 8 in. Travel of the ailers

carrying the GE-2000 cask and equipment within the MFC site will require esc V-1 onn 1to

ensure that the trailer does not come in contact with the pavement. Once tha as at

HFEF, it will be inspected to ensure it is undamaged.

The overpack uses eight tie-downs. Each tie-down consists of a turnbuckle and eel t

shackle on the outer ends of the tie-down. The bottom shacklh ttached to the lo oy traler

D~ring and the top shackle attaches to the gusset eye on th veiUa. Four of the ht -downs

attach to the gussets on the base section of the overpac nd th emai o wns attach

to the gussets on the upper section of the overpac Asa"nt r codate the

low-boy trailer fifth wheel. However, due to thde thc t iler ti ns are torqued only

after the tractor used for transport off site iath o -boy to acc mmodate trailer

flexing.

The low-boy trailer arrives at MF with&1G -200 ask wi lin its overpack and tied down in

the vertical mode. The tratler-c0ntal etpl andrapped down to the trailer, which is

used during unloading t 46rJ\•c.vea c .eThoverpack base rests on a 54-in.-square

transport base plate tha a ,ý -----fall by 2.-5-i(n.diameter cylindrical ring welded at the

center and serves to ce uter eovpac c-bi s othe trailer bed. The baseplate is permanently

bolted to thetr afler-bed. The ou of the trailer uses 1-1/4-in.-diameter curved bars welded

to a 6-in.-quare late attached to thýe~ier=s outer I-beams.

2.4 Clean-EquiMpent\n 'o
t Bk 

h)cr 1 1 t n h
The clean-equipment býx is included with the cask shipment and is located on the rear of the

0 boy trale Irhis x uses a thumbwheel security lock and contains equipment for installing or

remwov gtie-down and installation of the cask lifting ears. The clean-equipment box contains a

reset-0- 100ft- /lb torque wrench, 0-800 ft-lb torque wrench, 0-250 ft-lb dial torque wrench

rspare), 1/2-in.-drive breaker bar with a socket and Allen wrench, two 1-1/2-in, open-end/box

wrenches, turnbuckle ratchet wrench, l-in.-drive breaker bar, pump oil, and NUPRO 5000

anti-seize compound.
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2.5 7A Equipment Box

The GE-2000 7A equipment box is shipped in a DOT-Type 7A box on a separate trailer from the

GE-2000 cask. The equipment box contains seven individual item boxes that include a 375 lb

auxiliary lifting ear box, 380-lb standard lifting ear box, 235-lb chain hoist box, 40- ench

box, 375-lb drying box, 10-lb spare bolt box, and a 30-lb leak detection box (re. -357 7A

Equipment Box Checklist, Fig. 1, 7A Equipment Box Storage Locations). Te e 'pm t bo

also includes a 40,000-lb-rated GE-2000-cask spreader bar weighing 1,37tý INb.,

accessories drum weighing 268 lb, an optional spare cask seal, and a drum sp i ghi

28 lb.

Prior to use and shipping, an inventory is taken of the equi ent bo and the equiu3nIen

certifications (calibration and load test) are reviewed and yen d to be irren(Tlie OT 7A
equipment box is required to be tied down on theiort iit In a i dition identical

pih•3aio/er~s*~i ace'iedn
to the as-received condition. The equipment b wil be rece ed I dvance of the

GE-2000 cask on a separate trailer. Prior to andlin E-2)00 caskýae),quipment serial

numbers, certification tags, and load testand c ibration records related to equipment used at

MFC must be reviewed and evaluat/d for acepta• e and readiness for use by MFC personnel.

2.6 Spreader Bar

The GE 2000 spreader ar un rkin loamnuimit (WLL) 40,000 lb]

(ref. GE Dwg. 105E9510, 20 peader Br) is a symmetrical X-shaped, four-point lifting

bar specificalLyfdesigned for lifýing th GE- •0 0-overpack cover and the GE-2000 cask. The

spreader b r has a 3-1/2-"in center ift pin that attaches to the overhead crane hook at the center of

the lift bar7.Ee four lift points lcated at the outer ends of the spreader bar) provide for

shackle attachmenuts\,$ack~~ locatcd at each of the four comers of the spreader bar are used for

Connee/ting the teel cables that are connected to the cask lifting ears or overpack gussets with

ateinig-shackl 's . The shackles, steel cables, and spreader bar have been designed specifically

Qby'GE-VNC f&r lifig the GE-2000 cask and overpack. Certifications and load-test records are

i.nh clude h GE-2000 7A equipment box and are shipped with the cask. The spreader bar is
sipp o ýet FC within the GE-2000 7A equipment box.

c t/ /
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2.7 Cask-Cart Adapter

The GE-2000 cask-cart adapter (ref. Dwg. W7520-0602-EE, GE-2000 Cask Operations) is used

to support the cask on the cask cart. The adapter is 26.625-in.-long cylindrical-body container

with a rectangular-cart mating plate at the top that weighs 6,400 lb and has a 46.25- . and an

inside diameter (ID) to accommodate the cask by resting the base of the cask o ide ottom

of the adapter. The bottom half of the adapter ID is tapered and reduces the pro a ly

39.5 in. to accommodate the GE-2000 cask. The adapter lowers the botto fth -2 cas

approximately 2 ft below the cask-cart personnel-floor level. The adapter has e

permanently-installed polyethylene guides that are spaced 120' apart on the insi e r,

they act to guide the cask into the adapter. After the cask ha e loaded into the a M t the

cask cart, technicians must manually place three large 10-in. ong p urethane a ocks (as

needed) between the cask and the inside diameter of da tcete t

During handling operations, a stainless-steel n ot: I dn d of the adapter for

the cask to rest on. There are two 1-in.-8 C .itiI nts n the top ohe adapter to allow

installation of 1-in. swivel eyes to be thefaded oles of the 1.5-in.-thick stock plate.

2.8 Shutter-Shield Assembly

The shutter shield (ref. D A7 -72-) 0609 EE Shutt Shield Assembly) is an MFC-designed

manually-operated 7,0 lb _ is. paced over the top of the cask to shield

personnel from additional•datlio, ng lidc ange-out operations in the HFEF-truck-lock

hatch. Because'th cask cavitye n t us internal shield plug, the cask lid must be removed

and replac• dwith an MC•-design d two-piece concentric lid. The shutter shield is designed for

placement top e cask an-has a manually-operated sliding shield and a bagging ring built

into the top shutter sh lId. A1 n.-thick neoprene gasket, 39.5-in. OD by 35.25-in. ID, is placed

bet"e-0i the bom fthe shutter shield and the top of the cask to provide a seal. The shutter is

6eq~p'ped... ith a manua~handwheel that moves the shutter door open and closed. A manual stop is
Cincluded to preen overdriving the door in either direction. A handle with a chain loop (for

posit orfing the locking handle) is also provided. The shutter is lifted and handled using three,

permaenely-i nstalled, 3/4-in.-l0 UNC swivel eyes, each rated for a minimum WLL of 5,000 lb.

remova le brace is included with the shutter shield to steady the shutter when the shield door is

opene on the cart. The brace is bolted to the cart adapter using the 1-in.-8 UNC bolt hole on the

east end of the cart. The brace extends up under the shutter crossbar and is locked into position

using jam nuts (ref. Dwg. W7520-0676-ED, GE-2000 Shutter Shield Brace Assembly).
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Following cask venting, the cask-lid bolts are removed and the shutter shield is placed on top of

the cask. Rigging is then attached between the crane and the cask lid, and the lid removal bag is

installed. The shutter-shield door is then slid open using three to four rotations of the hand wheel.

The cask lid is raised just above the shutter door and the shutter door is immediately closed

providing shielding for the cask. The cask lid is then lifted high enough to seal the hagom the

cask and remove the lid from the area. A new bag is installed, the old bagginbt rmove and

the operation is reversed to reinstall the inner- and outer-transfer lid. When e inner- d

outer-transfer lid is in place, the shutter shield is removed and replaced wikt I e hiI1d g. n/

this condition, the cask can then be mated and bagged to the HFEF main-cell p ntFrati a the

inner transfer lid pulled up into the main cell, allowing access t the shipping bas t

2.9 Cask Shield Ring

The cask shield ring (ref. Dwg. W7520-0624-EEield Plu ma s thettp of e cask to

main-cell penetration lMI, it has a 1/4-in.-thi K, 50 to7 durometer, neopre gasket that ismaincel peetrtio IM1 ithasa a~t •, The/shield ring provides personnel

glued to the bottom of the shield ring to sea it to th cask. Te s

with radiation-shielding protection and'payloa containment. The top of the shield ring has

a 23 in. ID bagging ring welded to he top o\f'the shield; it i~used to bag-in the cask to cell

penetration 1M1. The shield ring w ighn,,,75\0\1band as three 3/4-in.-10 UNC, 1.5-in.-deep boltholes for lifting and placingifn top f thc k. The s trin ha I 9i.O n
is 15.625 in. high. The ~to -"s [v•e

is 1.625in. igh of the Meld rii~gg Kikqupped with a two-piece circular,
1k.5-in.-thick, polyethyle casktpr ctor that i used to guide the shield ring onto the cask.

7.-n-hcplehlh s
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2.10 Transfer-Lid Assembly

A transfer-lid assembly designed by MFC replaces the cask-supplied lid to provide additional

shielding during cask handling and bag-in operations. A two-piece concentric lid assembly

consisting of both an outer- and inner-lid plug make up the assembly. The inner tran r lid

(ref. Dwg. W7520-0604-ED, Inner Transfer Lid Weldment) is a 1 7-in.-OD by 5 D,

7.5-in.-thick, 304-stainless-steel, flanged cylindrical plug. The inner transfe ifte into e

hot-cell allowing for the shipping basket to follow. The inner lid has a 1-i - ý8 he ed htl

in the top center of the lid for screwing in a standard HFEF-waste-can screw al e Ir

transfer lid weighs 600 lb and rests on top of the outer transfer lid. A 1/4-in.-thic -

by 16-in.-ID neoprene gasket is glued to the underside of th -lid flange. The Oud*r'4

replacement transfer lid (ref. Dwg. W7520-0603-ED, Lid e flang in.-OD
plug with a 16.25-in.-ID opening to accommodate h t fransfer lid is

made from 304 stainless steel and weighs 750 lb e o e e casks existing

double O-ring seal. The outer transfer lid has / - C l;ift 'es. During lid

changeout (at the truck lock hatch), both tht ne a uoer lids are assembled and rigged for

loading onto the cask as one unit.

2.11 Shipping-Basket and Guide

During shipment the casaviy 011ta'l a hippIg basket (Dwg. W7520-0607-ED,

Shipping Basket Weldm nt) aa baslgt guide (Dwg. W7520-0608-ED, Guide Basket). The

basket guide is used only to enter ane-spae payload shipping basket within the cavity of the

GE-2000 ca Vk/ e"-basket gui weigh 4ý'5 lb. The shipping basket weighs 35 lb empty.

The payloa a overa assembled height of 53.463 in. and an OD of 15 in.
The outer pnher,. elr as

T oue sp i - g basket contains 17 cylindrical slots for loading samples and

shippig basket is fitted with standard pole piece at the top center of the basket for

grpplingl.and Ii ing. thý basket between the cask and main cell. The basket guide has an overall

Ctleinth of 52.5 . and a4maximumn OD of 26 in. The top of the basket guide is fitted with movable

a 0.75--il-diameter bail for lifting the basket. Both the bottom and top of the basket guide is open

to ne shipping basket to pass through. The bail on the basket guide is rotated to one side at

the top Of the basket during shipment and can be rotated up for lifting the basket guide.
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2.12 Cask Bag-Out and Lid Removal Sleeves is

GE-2000 cask handling operations use three different bags - a clear 10-mil-thick polyurethane

bag (ref. Dwg. W7520-0606-EE, 114-in. Long-Sleeve, Bag Out), a clear 10-mil-thick

polyurethane half-size bag (ref. Dwg. W7520-0636-EE, Sleeve, Half-Size Bag Ou a an

8-mil-thick yellow PVC bag (ref. Dwg. W0147-0619-EE, Bag, Containment). e l bs are

used at the truck-lock hatch; they are placed on the sliding shield door for c ha uand

removal of the empty baskets from the cask cavity. These two clear-pol eThane gse

contain three sleeve arms and are open at the bottom and closed at the top. T y1w V a

uses hoops installed on the outer perimeter of the bag connected by dowels to m& t the

inflated, it is used between the upper bagging ring on the ca kbtd ring and main-c 1

ceiling-penetration-IMI bagging ring during bag-in operatisathemlai cell.

3. ES&H REQUIREMENTS

3.1 Radiation/Contamination

3.1.1 A Radiological Work Permit (RWP) •'Žrluired perfo this procedure.

3.1.2 When venting the cask to the cell ex ahU3yste ust wear respiratorI protection (as

a minimum) until contamin ha ebeen delenrined, unless otherwise specified on the

RWP.

3.1.3 Use of the shutter shield dooion the GlV-2000 cask when a payload exists in the cask requires

continuous Hlea~lth--'hysics-Tech ician PT) coverage.

3.1.4 Prior to using the el]phant trunk (vented to the cell exhaust system), it must be verified that the

black flexible vent ho e is eculy clamiped to the metal extension on the elephant trunk to
preveNt the hose from being disconnected and releasing contamination.

3.1.5 GT;ýe cavity mayb pressrized due to a change in altitude during shipment. Therefore, the cask

must be-vented to the cell exhaust system (using the elephant trunk) prior to lid removal to avoid

pers onne)conta mination.

3.2 Electrical Safety

The electrical-related activities covered by this procedure must only be performed by qualified

electrical workers (or personnel that have received qualification-exemption approval) following

the guidelines of, and using appropriate personal protective equipment (PPE) as specified in, the

LRD- 14113, Electrical Safety.



Form 412.09 (Rmv. 09)

Idaho National Laboratory
Identifier: HFEF-OI-6210

GE-2000 SHIPPING CASK Revision: 2

Effective Date: 1/9/07 Page: 10 of 58

3.3 Elevated Work

3.3.1 To prevent personnel injury, all personnel standing in the deck-plate area within 6 ft of a removed

deck plate must be wearing a fall-restraint device (ref. LRD-14111, Fall Protection) attached to

an eyebolt in an adjacent deck plate. The operators must be anchored in such a ma er -at the

restraint device will prevent them from crossing the threshold of the removed d.

3.3.2 When the cask-tunnel hatches are open, the safety railings and toe board us r

approved fall protection used by personnel within 6 ft of the opening.

3.3.3 Personnel entering the opened deck-plate area of the high bay, nst don a fall-restr e 7 and

attach it to an adjacent deck plate prior to entry.

3.4 Hoisting and Rigging

3.4.1 The crane and all rigging and tackle (ref. Subs c 1F. used must have

certifications meeting the requirements of I -650 iti g and Rigging at the INL.

3.4.2 All rigging tackle must be examined Cfreuse. R i a kle that does not meet the rigging

examination requirements must b a usd. Rejted MFC equipment is returned to

Materials Handling-ServiceF. Y• 11 .

3.4.3 The cask lifts eerforme ii tclassified as critical lifts all other lifts are

i-in-charge (CLPIC) must be

designated i

3.4.4 All pi the cask or overpack.
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4. PRECAUTIONS/LIMITATIONS

4.1 Summary of specifications, operating limits, and weights are as follows:

Parameter Specification/I

Overpack (w/o cask) Weight: Gross

Dimensions: Length

Diameter (max):

GE-2000 cask Weight: Gross shipping:

Lid:
+

External dimensions: Length:

Diameter:

Internal dimensions: Length: 54fri
ý'i nLength:

Diamet :in.
Spreader-bar weight: t,,,3• 0 lb

Shutter-shield weight: y"• 7 ,000 lb

Cask-cart-adapter weight: 6,400 lb

Cask-shield-ring weight: ., 4,750 lb

Outer-transfer-lid weight: , . 750 lb

Inner-transfer-lid weight: \ \ 600 lb

Basket-guide weight: \. \ . 45 lb

Shipping-basket (empty) weighJ/ ? K \ .7 35 lb

Cask liner 4,500 lb

Maximum internal cavity weight (spa`'ers, paýload'baqset,- payload, <5,450 lb
shielding, etc.)___

Overpack and cas%(loose DO-Tergulato•\<,tnteror/exterior loose <2,200 dpmr/l00 cm2 beta-gamma
surface contamination -surface conta'mi on limits and < 220 dpmi/100 cm2 alpha
lim-its, empty cask)*\ (4 ""

(4,,9CFR173.493 and Spec. 22A9380, (based on an average surface area
__ _ •Sectio.n/6"3.3 (c)* of 300 cm 2)/ /

GE-.VNC shipping Additional GE-VNC, GE-2000 cask <100 cpm beta/gamma and
contamination imits exerior limits <200 dpimlft2 alpha

iRef Spe622A9380, 3 (These limits meet the GE-VNC
ection6.3.definition of Aclean@ or Anon

smearable.@)

* The listed.0T1'i•mits fo/r contamination reflect regulatory limits that may be received with the GE-2000 cask and overpack.
For shipments fi-oMFC, the overpack surfaces and the exterior of the shipping cask should be free of loose surface

radioaccvie-contamination
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___________________ Pramter ~. ~ ~'4specitl ationILimilu/Wkighti

Overpack and cask DOT Exclusive-use-only shipment: 1,000 mR/hr beta-gamma on the
direct radiation limits surface of the overpack.

Any shipment: 200 mR/hr beta-gamma and
neutron at the exterrp4 ick
surface (vertical 1n he
truck). _ -,

10 mR/hr be ra
neutron a eve ca
plane of the ,l

2 mR/hr beta- a utr
,at any normally oc UZ s4"•

4.2 Major sections of this procedure may be performed in differ *t OVMUrwith step' tep userequiredwithin each maorsection.
4.3 The double-drop low-boy trailer clears the pa eme y pp-r imatel n herefore, the path

of travel between the MFC gate to HFEF •at the time theshipment is

received to ensure no obstructions exish wo i result in the trailer not clearing the pavementduring travel. 01,

4.4 Prior to unhooking the tract& from t e a uerop owboy trailer, the overpack tie-downs
must be loosened. Thi'sj4R I , .,j kl Iqs•reeps including weekends and
back-shift. •

4.5 HPT coverageWl l-b- requirec J e 7 equipment-box inventory. The 7A Equipment Box

Checklist Je 1. Fv 1 ileted upon receipt of the equipment box and also just

before the r 1 ',,1111mn) nt to veri1al components and contents are accounted for and equipment

box internal idx ena!surffu eet the contamination limits of49CFRI 73.443.

4.6 F FRM-3s 5 GE-2000 Cask Receipt Checklist, and FRM-359, GE-2000 Cask Shipment
stmut bcompleted for receipt/shipment of the cask. Any unsatisfactory results should

be c-d ribed'in the Comments Section of the applicable form. Completed forms (with applicable

" lipping,docurnents) must be forwarded to the systems engineer for retention and copies sent to

4.7 Only the approved products listed in Appendix A, List of Approved GE-2000 Cask Products, are

allowed to be used in the operation of the GE-2000 cask. Products other than those listed require

special written permission prior to use from GE-VNC.
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4.8 Personnel handling the cask must be trained and qualified in accordance with LWP-12003,

Individual Training Plans. Initial training is also required by the GE Representative prior to the

first use of the GE-2000 cask.

4.9 Before performing venting operations at the truck-lock hatch, it must be verified th a vacumn

pump is vented to the cell exhaust system. N

4.10 No labels are allowed to be placed directly on the base metal of the cask., ffliX a m lae

GE-VNC supplied 3M white scotch tape (No. 483) must be applied to the slcc c oCati

first and then the label may be applied on top of the 3M white scotch tape.

4.11 When removing the penetration- IM I outermost floor plug fnothaeady remove dhefl nel

must be removed from the plug at a safe distance from the pe < tration d as lose to he cell

floor (as possible) to prevent the funnel from fallin into the'open enetra•t'i1n

4.12 The GE-2000 cask is a quality assurance ( e I1B system Therefore,,eplacement parts

require written concurrence from GE-VNC;1qkd iie dendeperification by the Work Supervisor
or systems engineer to ensure that co tarts are install6 d (ref. AWP 2.12, Identification andor~~ ~ system eniertoesr\ta~
Control of Items). This verificatio of replacement rts mus, e documented in FRM-358.

4.13 The 1-in, diameter lid handte/Ae ded th t p oft GE- 000 cask lid is designed by GE-VNC

to lift the cask lid only

4.14 As the cask is owned and mantkae bC, all scheduled cask maintenance will be

performed[ by GE p-rsonnel. I\roblenm with the cask arises while the cask is at HFEF, the

systems eninee. ust be n t •icidimmeaiately to obtain concurrence from GE-VNC personnel

regarding pr blemres, lution. Replacement of parts on the GE-2000 shipping package or cask

re uire prior ntte h"utho n GE-VNC.

5 P-REREQUJSITIES

.1 Planningand Coordination

,] W/ rk supervisor - Perform the following:

[a] Loosen the tie-downs on the cask trailer prior to either hooking up or removing the

tractor from the trailer.

[b] Obtain and initiate a copy of FRM-357.
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[c] Initiate a work request for Materials Handling- Services personnel to perform the

following:

* Unloading and staging the GE-2000 7A equipment box upon arrival

* GE-2000 cask-cart adapter placement

* Transferring the shutter shield

" Shield ring lift

" GE-2000 spreader-bar lifts and moves

" GE-2000 overpack lift

* GE-2000 cask lifts
" Moving the overpack onto the rear oj ,lerwith tie-do•s c

hand tightened.

e and

[d] Verify the appropriate RWP is in

[e] Conduct a prejob briefing with th

operations crew, and HPT, inclul

requirements for all cask n

[f] Inspect work areas in ..r.c.k.l.

the GE-2000 cask traile a

5.2 Approvals and Notifite tons

[11 Notify the Facility Ar Spe s

cask anýtha eask-handlinK oner ions

Crew 'isor, process

le proper PPE equipment and RWP

area to ensure readiness to receive
p

quipment set down.

1;that the elephant trunk will be used to vent the

will be commencing.

deck

I WARNING
aI ~ersonnel standing in the deck-plate area within 6 ft of a removed

.st be wearing a fall-restraint device (ref. LRD- 14111) attached to an
plate. The operators must be anchored in such a manner that the
them from crossing the threshold of the removed deck plate.

[2I/>NotifS tlhe FAS that the high-bay deck plates will require removal prior to receiving the

C GE-2600 cask trailer in the HFEF truck lock.

131 Notify the CWI Transportation Group that the tractor/trailer path from the MFC entry gate

to HFEF must be examined and verified to have sufficient trailer clearance.
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[41 Notify the CWI Transportation Group, HFEF FAS, and Materials Handling Supervisor, that

prior to removing or connecting a tractor from or to the cask double-drop lowboy trailer, the

tie-downs must be loosened and 6 x 6-in. blocks placed under the front of the trailer to

allow tractor installation/removal and prevent torsion on the trailer body.

151 Notify the HPT that the special low-boy trailer will require a contamination

bringing the GE-2000 7A equipment box and trailer into the truck lock./

161 Materials Handling-Services, Systems Engineer, and Work Supe asor 0tiam d

review (for proper certification) the GE-2000 cask-equipment certifibatlows m(] ual

inspection records prior to using the GE-2000 7A equipment box handlinip

[7] Work Supervisor - Verify that technician training has been satisfactorily mpleted r

all personnel using the GE-2000 cask and handling eq ipment.

[81 Systems Engineer -Review the shipping papers pro 6di b tbhe CWI ans rtation

Group.

5.3 Special Tools and Equipment; Parts and ýS pplies

NOTE Step 5.3[1] must be independefi"verifil • by the Crew Supervisor or systems engineer.
Independent verification ocuiente inFR/I,-358.

[11 Obtain the following' '.t ( with current calibration stickers, where applicable), and

document mecha cal andtest e eht(MT~jEinFRM-358:

* GE-2000 ca cart dap er. iýth the stainless steel plate in bottom of adapter

S GE-200. cask shkelda g with neoprene gasket

Sh ttr shiel w.i ith ieoprene gasket

1 I wrench with 3/4- to 5/8-in. adapter

* Outer transferlid (ref. Dwg. W7520-0603-ED) containing the inner transfer lid

with neoprene gasket (ref, Dwg. W7520-0604-ED)

* aket guide (ref. Dwg. W7520-0608-ED) (if required)

* Three-legged wire rope bridle (minimum WLL 7,000 lb at 450) (for handling the

shutter shield, shield ring and transfer lids) (for crane hook to spreader bar)

_ One basket-hitch or vertical sling (minimum WLL 40,000 lb)

Four 11-ft-long (minimum) nylon slings (minimum WLL 17,000 lb) (for lifting

the cask)

Four shackles (minimum WLL 17,000 lb) (for cask auxiliary-ear attachment to

lift the cask)
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" Two 1-in.-8 UNC swivel eyes (minimum WLL 4,600 lb) (to lift the GE-2000

cask-cart adapter)

* Three, 3/4-in.-1O UNC swivel-eyes (minimum WLL 3,400 lb) (for lifting cask

adapter, shield ring, and assembled inner and outer transfer lids onto the cask in

the truck-lock hatch) ý&

* Preengineered T-bar screw grapple and sling (minimum WL 1, lb

(ref. Dwg. W0066-0383-ED) (for lifting the 600-lb irnne rans li nOE e

outer transfer lid in the truck lock)

" Torque wrench (0 to 300 ft-lb) (for installing swivel eyes on c adapt h3ea

ring and outer transfer lid)

" Chain fall (minimum WLL 2,200 lb) (for e r the cask lid d t

assembled inner and outer transfer lids)

* Dynamometer or load cell [0 to 200 lbmni(fo ig the cask lid)

* 8-ft step ladder (to access theop an••ak)

* Two nylon slings, 4-ft mi mu g m mum WL ,600 lb) (for lifting

the cart adapter)
(min imu L 4600 b) or lifting the cask cart adapter)Two shackles(, rMLM V

4 by 4-ft, 3/4-in- wod to' I" the sk Ii "down in the HFEF truck lock)

* Chocks f&ifl b 'racingtrai'•, whee'in the FEF truck lock)

* One 6-in._ 5ft-ýb "or ox " >. 1-ft-long wooden block(s) (to place

undert t fronteid•t the dou le-drop low-boy trailer to maintain trailer height

for tractor c n n o e. th wheel).

121 Obtan the ite s:

\ 9-rn._-tal -lsb ped lid removal gauge

• Baggingsleeve (ref. Dwg. W0147-0619-EE) with hoops and dowels

ef. gs. W0213-0171-EC and -0172-EB) or the SLSF bag-in sleeve

(iepeywg. W0093-0107-DE, SLSF Bagging Sleeve) (for cask bag-in to

main-cell penetration 1MI)

* ,Bagging sleeve (ref. Dwg. W7520-0606-EE - Sleeve, Bag Out) (for removing

the shipping basket and guide from the cask)

* Sleeve, bag-out half sleeve (ref. Dwg. W7520-0636-EE - Sleeve, Half Bag-Out)

(for removing the shipping basket and guide)

* Varian vacuum pump (Model No. SD-201) (for removing argon from the cask

cavity following bag-out operations, using a filter, vacuum gauge, and hoses)

6
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* KWIK-flange connections with flex hose (for adapting the GE-2000 three-way

leak test/ evacuation tool to the Varian SD-201 vacuum pump)

* Three cask-cart polyurethane stabilizing blocks from the Transnuclear Fort St.

Vrain (TN-FSV) storage box (ref. Dwg. W0147-0678-EC)

* HPT decontamination and smear materials from the list of approe erials in

A p p e n d ix A . U UZ

Wire rope sling (minimum WLL 100 lb) (for lifting the - ha ke rom

the cask after bagging out from the main-cell penetration o '

[3] Stage the following MFC equipment at main-cell penetn

* Blotter or plastic paper (to place under 1I

* 83-in. waste-can screw grapple (ref IFwg W

(for removing the inner transfer id)

" Standard 85-in.-long latchg r, wg.

Assembly Waste Can Hand r(fo AIc

* Square polyvinyl chi V(%( r bl

transfer lid at maln-cell ZonedM)
Outer floor-plug spor a in'er (avain le

[4] Identify the folio. Vingg GE-VN sipp-ied ctka. andling

* 40.000-1b snreader bar *-tored in its GE-2000

Grapple)

W0147-'•0O-DE - Grapple

rane lifts of the shipping basket)

otter paper (to set down the inner

in zone IM).

items:

) 7A equinment box) with four

ta~hed at each comer

ndard ears and ear-attachment bolts

lifting cables with 1-3/8-in. shackles attached (for lifting

/4-in. tie-down cables (for lifting the overpack cover to the overpack

K

* Four 1-3/8-in. shackles attached to overpack cover gussets (for lifting the

overpack cover to the overpack stand)

Eight tie-down turnbuckles (for connecting tie-down cables)

* Eight 7/8-in. cables (for overpack tie-down to trailer)

* Cask-lid handler and shackle (for lid removal at the truck-lock hatch)

* Torque wrench, capable of 0 to 800 ft-lb, with 48-in. extension handle (for

tightening cask auxiliary ear bolts)
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Torque wrench (0 to 250 ft-lb) with a gear-head torque multiplier and reaction

bar to obtain 690 ft-lb (for tightening the cask-lid bolts)

Torque wrench, capable of 50 to 250 ft-lb [for tightening the overpack bolts

(preset to 100 lb)]

Gear-head torque multiplier (4x) (for removing and tightening c h nd

auxiliary-ear bolts)

* Reaction bar (for use with the torque multiplier)

* Breaker bar, 1/2-in. drive (for removing the overpack bolt

* Turnbuckle ratchet wrench (for loosening or tightening the tie o a .1 . s)

• Extension, 1-in.-square driver to clear the auxiliary ear

2-in. combination wrench (for tightening e-1b ckle nuts)

• 3/4-in. to 1-in. drive adapter (to conne the t ,ue wench admu tplier to the

cask lid and auxiliary-ear bolts)
* 1-5/8-in. socket with 7-in. ex nii I n the a *li -ear bolts)

. 7/8-in. hex-head drive (foh

* 5/8-in. hex-head driv or the verpck olts)

* 3/8-in. Allen wr cheo r th(ý ck- en po lug and port cover removal and

installation)

GE thlree-ak\tte c ation dapter (Cross fitting) with red

vent- o ý'tCplu c onn *6 i d gre and blue hand valves attached (for

installati 0 n ,t e I id n port during pump down of the cask)

* el-Pro N-500 Niickel(raphite (for lubricating cask lid and auxiliary-ear bolts)

Vibra-'Tite bolt cnm tound (for overnack bolts)

)

or-use n cask lid vent port)

y-lSe'cotch brand (Nos. 226, 480, 483, 850 or 5413, 3M Corp.

(for taping down or closing bagging materials).

3E/-NC MT&E have unique identification numbers, unbroken seals on the

es, and proper documentation for certification and/or calibration and load

6 Verify/fhat all MFC-supplied slings, shackles, swivel eyes, torque wrenches, load cells, and

wire rope bridles intended for use on the GE-2000 cask have current certification.

171 Record the torque-wrench and dynamometer serial numbers and calibration data in

FRM-358.
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5.4 Field Preparations W

[11 Prior to positioning the trailer with the GE-2000 cask and overpack in the truck lock,
perform the following:

[a] Move the overpack storage stand to the rear of the cask trailer and st wn to the

trailer to secure it from movement.

[b] Clear the high-bay area and truck lock (as needed) to handle t e

overpack, spreader bar, and equipment box.

[c] Materials Handling-Services/OPS - Obtain wheel chocks for use

wheels prior to unloading the cask from the traile! i'

[d] Materials Handling-Services/OPS - As need, tage GE-200 e pment

box in the truck lock or on the trailer.

[el Notify Operations personnel to remove Igh -are dec1k plat in preparation

for lifting the GE-2000 overpack I IF17 r L Operation).

[I] If used, obtain the equipment bph e s lock the box(es). Give the

equipment box key(s) oroto to the FAS for storage in the facility key

cabinet. n s a o the 7A equ,

[g] HPT - Perform a conniA~ia inIs eyrt& emal surfaces of the 7A equipment
box; verify resu1s'are a ta:ompletion in FRM-358 (ref. limits

for; overpac anecsk loos'e N\c C'
for a c.an urf\,ceb lnation limits of precaution/limitation 4.1).

[hi Materials •HI S .vices....S Remove the GE-2000 cask rigging equipment

from the equipmet,, b,\n stageit> in the norh end of the truck lock.

Iij 4T - Perform con amina•on survey internal of 7A Equipment box, and record

Sresults-in FRM-b3

[jI P-repar, the ask cart to/receive a standard length cask (ref. HFEF-O1-3 130, Cask

Tunnel and Cartl peration).

[ki Materials Handling-Services/OPS - Install the cask-cart adapter on the cask cart

(ref. Fig. 3 .Rigging Diagram for GE-2000 Cask-Cart Adapter, and HFEF-OI-3130,

Cas k Tunnel and Cart Operation).

IlI Materials Handling-Services/OPS - Install the GE-2000 40,000 lb spreader bar and

rigging on the high-bay crane (ref. Fig. 4, Rigging Diagram for the GE-2000-Cask

Overpack Cover).

[m] Verify the elephant trunk is functional and the metal extension is securely attached.

In] Verify the main-cell storage location for the shipping basket is ready to receive the

basket.

1ol Review the shipping papers to verify cask contents.
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6. FACILITY CONDITIONS

[11 FAS - Verify that the building-laboratory and cell-exhaust systems are operating properly.

7. PERFORMANCE SECTION - CASK RECEIPT AND SHIPMENT

7.1 Cask Receipt

7.1.1 Preparatory Procedures

[11 HPT - Perform detailed radiation and contamination surveys of the ove k and e

for loose-surface contamination and direct-reading rad* No levels (including -t

radiation for irradiated-fuel shipments), acceptable le -ls ari ntified in

precaution/limitation 4.1. Document survey cop*m i n R a complete

the incoming truck survey map.

[2] Examine the following items and docum-n Its -358:

Trailer and overpack nd s age

Overpack for gen alde d obi damage

* Tie-downs for ge a aed .al...e. stallation.

131 Open the cask lo oTmaller ea tn b•. Inventory and perform contamination

surveys, as neede tag t forre ov of the cask from the trailer. Use FRM-357 to

record the items store in the clean-equip ý ent box.

141 Materia s Handling-Seice S Open the truck-lock south roll-up door and move

the tiler1 Ctanin•ig he GE-m 1 cask into the truck lock.

CAUTION

J5] Materials Handling-Services - Lower the trallerjack stands and chock the trailer wheels.

161" Fith•trailer will remain in the truck lock, with the tractor still connected to trailer, place the

6>6-in. timber blocks under the front end of the low-boy trailer between the bottom of the

trailer and the truck-lock floor.

[71 Materials Handling-Services/OPS - If the trailer will remain in the truck lock, separate

the tractor from the trailer and exit the truck lock (leaving the trailer in the truck lock).

[8] Close the truck-lock roll-up door.
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7.1.2 Unloading GE-2000 Cask from Trailer

[1] If the cask contains a payload, examine the tamper-indicating-device (TID) for tampering

and record the identification number(s) in FRM-358.

121 If not already completed, using the turnbuckle ratchet wrench, loosen and se lathe top

four turnbuckles from the overpack. Leave the turnbuckles attached to th (T e cab

ends will remain attached to the overpack cover.)

[3] Using the turnbuckle ratchet wrench, loosen the tension on the tie-d wns at Ie ee

the overpack base and the trailer, leaving the tie-downs attached betweeth v ac .S

and the trailer.

[4] Prepare the overpack stand for receiving the top overp t for storage a it

down on the rear of the trailer. A&

le

If radiation s ev
wrench should

WA
are excessive (ref. the RWVP),
used to complete bolt remnov,

f the to
I fromr, 7,an impact

on exposur

[51 Using the 5/8-in. hex-head

torque and remove the 5 ove

box for later remsta441tonh

drive breaker bar), break the

e the bolts in the clean-equipment

i
NOTE To ensure the crane 0

centeri.& rings may b5
d on the spreader-bar load pin, spacers or

ry.

[61 Mater

crane,

/(0PS - Install the GE-2000 spreader bar on the high-bay

for the overpack cover (ref. Fig. 4).

r
W WARNING.c4op section from shifting and/or binding, the ball detent must be verified

y and as close to the lift plate as possible, prior to lifting the overpack top
*I~l

[71 Material Handling-Services/OPS - Lift the overpack cover and transfer it to the

overpack storage stand on the trailer (ref. Fig. 4).

181 Secure the overpack cover on the storage stand by attaching the long turnbuckles between

the existing cables on the overpack cover and the swivel eyes on the stand. Do not torque

the tie-downs.



Fom 412.09 (Rmv. 09)

Idaho National Laboratory
Identifier: HFEF-OI-62 10

GE-2000 SHIPPING CASK Revision: 2
Effective Date: 1/9/07 Page: 22 of 58

[91 Record the date the cask was received and the cask serial number in FRM-358.

1101 HPT/OPS - Perform a contamination survey of the 16 auxiliary-ear bolts and if installed,
remove the white tape over the bolt holes and then survey the bolt holes on the cask.

[11] Inspect, clean, and lubricate the 16 auxiliary-ear bolts with Fel-Pro N-5000 Nic el Graphite

and clean the bolt holes on the cask.

[121 Using the ratchet wrench, 1-5/8-in. socket with the 7-in. extension, and i1 4- drive

adapter, install the four auxiliary ears on the cask (four bolts per ear)

[13] Torque each cask auxiliary-ear bolt (using a crisscross pattern) to 60fl -lb

increments, record torque-wrench serial number and document torque co o

FRM-358.

[141 Materials Handling-Services/OPS - Install the ri g ifting the GE-20

(spreader bar on high-bay-crane hook with four 11-ft-1 (ini um) sli s ched using

shackles to the cask) (ref. Fig. 5, Rigging Diaamf GE- 0 s. the spacers

as needed on the spreader bar to center th ra , ok.

[15] Verify the stainless-steel plate is insta I e bo f cask-ca apter.

[161 Clear all unnecessary personnel from t ak-lock hatch.

[171 If not previously opened, ope e c-lo rHFEF-OI-2131.

To prevent possible injury to at oime hlII person place any part of their body
under a suspended load. To Io nswipes nder a suspended load; a reach stick
must be used. If decontamin tii a e load must be placed in a safe configuration
where no hazard t~ sonnel eIxist

[181 Mate lals l Seces/OPS - Using the high-bay crane, lift the cask just above the

overp ai ip I rt-adiation and contamination surveys, as directed by the HPT.

Docimecit Plction ofthe surveys in FRM-358.

Ii: 9 ,Crew Suiperviskoik- Review FRM-358 to ensure that it is complete. Maintain the form

withtle 0 Er-"2000 transport-package documents until the package is ready for

shipipnent-or as directed by the systems engineer.

2 _L / he cask over the cask call
1/21f, Materials Handling-Services/OPS - Slowly lower the cask down towards the cask-cart

adapter, stop lowering the cask when it is just a few inches above the bottom of the

cask-cart adapter plate.

1221 Rotate the cask, so that the auxiliary ears are properly oriented (ref. Fig. 5).

1231 If needed, place the three cask polyurethane stabilizing blocks at approximately 120E apart

between the cask and the top edge of the cart adapter.
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[24] Raise the cask cart up until the cask is resting in the cask-cart adapter; then remove and

store the rigging from the cask and crane.

125] Materials Handling/OPS - As determined by the HPT, either place a tarp over the open

base (for outside storage) or return the top overpack section to the base. A minimum of six

overpack bolts must be installed and hand tightened to secure the overpack t sec ion to

the base.

[26] If the overpack top section is returned to the base, a minimum of six ollts ust ins lied

and hand tightened (while the overpack top section is still supported \th lcrae. o

properly support the overpack top section.

1271 If needed, remove the trailer from the truck lock and plac in a storage locatw. n.

7.1.3 Venting GE-2000 Cask and Replacing Cask Lid

11] HPT - Temporarily cover the cask lid and area Wi P shetig lea ing access to

the cask-lid vent port.

[2] Notify the FAS of the intent to open tl e exhaut n the elephat trunk.
elephant vent-port cover;thnoete

[31 Position the elephant trunk dir"e t th, castrn d rc •qnex' tte cis• Jt e h

elephant-trunk exhaust valvo the middle poition.

141 Don PPE and res iratoi proectiob. as di'i•.ted I the HPT and specified on the RWP.

15] Using a 3/8-in. hex-he/ddr-ive, emove the k-lid vent-port cover.

[61 Using a 3/8-in. hea- drive, I wlyloo n thcask-lid vent-port plug and allow the caskt ovent to the elp t tr
71 Went tled the1 c.gornplete removal of the cask-lid vent-port plug.[ ] W hen the cask has co ml ete en i 9 , p

[8] HPT /Surv-ey-the cask-li\d vent-port plug and top of cask, decontaminate as necessary.

191 If thlHPTdetermines that the etphant trunk is no longer necessary, the elephant trunk may

be rem-\oved.

0_1.OPl~ace tlvent-poretf/uprug cover, and O-ring in a labeled bag for later reinstallation

following ag out from the main cell.

111-Care -1'lI, rdmove all of the contamination-control materials from the top of the cask lid;

ensure no contamination-control materials remain on the cask.

1[J-21 Using a ratchet wrench, 7/8-in. hex-head drive, and 1- to 3/4-in. adapter, remove all

15 cask4lid bolts, place the bolts in a labeled bag for later reinstallation.
I/

[113-3].J-efify the shutter shield door is properly secured in the closed position and the chain

restraint is routed through the shutter-shield-door handwheel and attached to the chain

restraint tab.

[141 Install the shutter-door bagging sleeve with the rod tabs located upward.
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[151 Align the cutouts under the shutter with the auxiliary ears, then install the shutter shield on

the cask (ref Fig. 6, Rigging Diagram for Shutter Shield), verify that the neoprene gasket is

in place, prior to lowering the shutter onto the cask.

[16] Using a level on top of the shutter, install the brace on the east end of the cask-cart adapter

under the shutter crossbar and then secure it using a 1-in.-8 UNC bolt.

[17] Remove the chain restraint from the shutter-shield-door hand wheel.

[181 Verify the shutter-shield door operates satisfactorily and then leave t ot int

position.

[19] Remove the GE-2000 cask lid as follows (ref. Fig. 7, Rigging Diagram ( 0a

Lid):

[a] Mark the orientation of the cask-lid orientation t shutter to 10-lw or proper

alignment of the transfer lid and reinstallatfio ef t he k I

[b] Install the GE-2000-cask lid handler

[c] Cut a hole in the top of a bagging eev ad en t read tel Ig t"hrough the top of

bagging sleeve and attach it to t Chain- fa Ihoo ; attach the upper half of the

chain-fall rigging to the c ne;

[d] Connect the sling to th(ýckf o the i hahlnle nd take up the slack.

[e] Place decontaminationm 1 agg eg e~Th~o. bggi~l6~ ve.

If[ Install the ba sh l r b'g ing ring, secure and seal the bag against the

ring.

[g] As directed by e HPent e the to d of the clear bagging sleeve around the

riggin (as close ýaossible to he shackle).

[hi on PPE and.•pLseirat r ction, as directed by the HPT and specified on the Job

NOTE -"WlWhen 4 3/4-in. of the cask lid is visible above the top of the shutter bagging ring and the
top of tholid is even with the top of the 9-in. tall L-shaped gauge, the shutter-shield door

/" can bRe clo \ed asthe cask lid will have cleared the door.

i Irected by the HPT and while using the chain fall, slowly and carefully raise the

eask lid into the bagging sleeve until 4-3/4-in. of the cask lid is showing above the

shutter-shield bagging ring and the lid is even with the 9-in. tall L-shaped gauge

(maintains a minimal gap between the cask lid and shutter shielding). Maintain the

cask-lid level as it is being raised through the shutter shield.

[j] Close the shutter shield to the full-closed position; using the chain restraint, secure the

shutter shield door.
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[k] Continue to raise the cask lid into the bagging sleeve. Raise it sufficiently high to 1W

allow heat sealing or taping the bagging sleeve below the lid.

[1] Heat seal or tape the bag between the shutter shield and cask lid.

NOTE he cak lid(if uncovered) must be set down on plywood or other appr - .. N4tbeMral~o• as

listed in Appendix A. •

[m] Examine the bottom of the cask lid for condition and then translr the bagged cas ,d

to the setdown area on the truck-lock floor.

[20] If the guide basket is to be installed in the cask, perfo the >ollowing:

[a] Attach a wire rope sling (minimum WLL L,00-1b) to e wr bail n the ide basket.
[bi Place the guide basket in a new 11 4-in,/cleýar p1'h e gng seeve.

[c] Cut a hole in the top of the baggingAdeeye an thre, the ~tlpthrough the top of

the bag (to allow attachment of .he wirero.p to e crane), sea the bagging-sleeve

opening with tape.

[dl Attach the new bagginm sleeve and baslt guide t the crane and position it over the

shutter shield.

[el Install and sealA, tbot tor of the ew ba ging sleeve on the shutter-shield bagging

ring (over the old bagging-s'eeve /u

f Removete o o4baggins leeve stub from the shutter-shield bagging sleeve.

[g] Open the shutter sheld &rbo.

[hi Ising the -ane, lower the b)ket guide into the cask.

[i] Unhok the wire -ai, fromthe guide basket.

U ing the crane, raise the rigging away from the shutter shield.

21C2et he shutte eld door.

nRemove the rigging from the crane and decontaminate, as directed by the HPT.
/111ý,kk Cl ve the, sutr1silor

21J Clean the uner of the transfer lid, then (if needed) assemble the inner and outer transfer

lid.sin_ the preengineered waste-can shield plug T-bar grapple and sling (minimnum WLL

;000 -b' (ref. Dwg. W0066-0383-ED), place the inner transfer lid inside the outer transfer
....lid.

0
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[221 Install the transfer-lid assembly on the cask as follows (ref. Fig. 8, Rigging Diagram for

Transfer-Lid Assembly)

[a] Install the rigging on the assembled inner- and outer-transfer-lid assembly and crane

hook.

[b] As directed by the HPT, place a new bagging sleeve over the transfer'ha tr:s -lids ly;

seal the bagging sleeve opening around the rigging with tape.

[c] Place decontamination materials into a bagging-sleeve arm.

[d] Using the crane, raise the transfer-lid assembly and position it o

bagging ring.

le] Using the level, level the transfer-lid assembly (thransfer lid must be Il etprbr to

lowering it onto the cask).

[f] Loosen the banding on the shutter-shieldh r.,Mbag ri1 11.4 sfi n rolling the

rubber band up to provide room to install the newA ag ai banding.

[g] Install the new bagging sleeve b•e oldh agggg sleeve\,then secure the banding

over the rubber band, ensuring tSh b snding secure and will not pull away from the

bagging ring.

[hi Remove the old bag s

Ii] Using the crane, lower t e tra'fer-li \aserblyas close as possible to the top of the

shutter shield /d ithou toueh'" the sield door.

UI Remove th chain t ftr m lthe snui er-shield-door handwheel.

[k] With the brace plac under the sihtter and as directed by the HPT, slowly open the

shytte shield door o allo the T obtain a radiation survey.

Cen direc . bthe T, 'Ily open the shutter shield door (approximately 3 to 4

rns to open).

Im] Using the crane and chain fall, lower the transfer-lid assembly onto the cask.

NOTE _ he swivl eyes~will remain on the transfer-lid assembly until after the shutter shield is
r'•emoved forom the cask.

, A)sdirected by the HPT, remove the rigging from the transfer-lid assembly; ensure/A/

•!týat the swivel eyes are not sticking up (could prevent the shutter door from closing).

1231 As directed by the HPT, decontaminate and remove bagging sleeve from the shutter-shield

bagging ring.

[241 Close the shutter shield door and secure the handwheel with the chain restraint.

1251 Using the crane, remove the shutter shield from the cask (ref. Fig. 6).
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[261 As directed by the HPT, perform a contamination survey and decontaminate the shutter

shield.

1271 Using the crane, move the shutter shield to the setdown area on the truck-lock floor; place

three wood blocks under the shutter-shield cutouts and rear crossbar to support the shutter

shield on the floor (ref. Fig. 6).

1281 Remove the swivel eyes from the transfer-lid assembly.

[29] Using the crane, align the cutouts under the shield ring with the aux s and

install the cask shield ring on the cask (ref. Fig. 9, Rigging Diagram ield

Ring).

1301 Remove the rigging from the crane.

1311 Close the truck-lock hatch.

7.1.4 Bagging Cask at Penetration iM1 and Unloadin hipp

[1] Move the cask-cart with the cask under am6- e ,l tio 1 FEF-OI-3130).

[2] Position the cask to allow bagging op rionsw itI cllIpenetration I'M1

(ref. HFEF-OI-3410, Cask-Tunnel>Traiis Pcne taiions).

131 Prior to starting the bagging oeiration, lrailcal&. the penetration and verify a proper

fit up.

Care must be taken to ensure aba sleeve s are laying flat and well sealed against the
penetration- M1 I bagging ring main7 c ellor bagging ring. If the bagging sleeve is not
tight, thesleevear into Ie l f" ntamination into the cask tunnel.

NOTE Whennstall10u~the bag.i'g sleeve, the bagging-sleeve may be folded down, as

necessarK, to aid in/a proper fit on the 19-in. cask-bagging ring and penetration bagging
ring.\

1[41 stall the bagng sleeve with associated dowels and hoops (ref. Dwg. W0147-0619-EE)

ovei)the cask-shield bagging ring and to the penetration-IMI bagging ring

(ref FEF-OI-3410).

15]--ernove the bagging-sleeve stubjs} from the cask-shield bagging ring and seal into one of

the bagging-sleeve arms.

161 Raise the cask cart up to penetration 1MI, while simultaneously removing pressure from

the bagging sleeve (ref. HFEF-OI-3410).

171 Purge the bagging sleeve three times (ref. HFEF-OI-3410).
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[81 If required by the systems engineer, wrap the interface between the cask and shield ring

with PVC and Scotch 3M tape (ref. Appendix A). Seal the bagging-sleeve (as necessary) to

prevent air in-leakage to the main cell.

191 Verify that the cask is properly sealed to main-cell penetration 1Ml.

NOTE All accountable material transfers are to be Derformed in accordance
HFEF-OI- 1302, "Mass Tracking System."

h

[10] Verify that both floor-plug storage containers are available in zone IM. I
[11] Verify that the screw grapple (needed for removal of the 'iner transfer lid')an

grapple (needed for removal of the shipping basket) ea a'ble in zone lMU

CAUTI(
If the funnel is installed in the 1M I penetration (out
attached using magnets and is not permanently atti
funnel is installed it must be supported to keep iM
once the floor plug is transferred away from the op
dropping the funnel or other items down tfhugjh(

M1Uvg), it Be removed as it is
'lving the floor plug and if the
WThe funnel can be removed
I. Care must be taken to avoid
ation.

II

112] Remove all penetrati6n l'M fib rý prg) e. H- EF-01-341 10) and place them on blotter

paper. If the funn Is i 'Ied 1 C o teCmI1 - lug, then after moving it away from the

penetration opening ,eov t ( fnm'il u ing a master/slave (M/S) manipulator. Set the

floor plug-down out of e way

1131 Using irror andilght vi the pen floor penetration to ensure that a clear path is

available tf6rorei~mo, ML'glm ie" ransfer lid.

1141 Install ýstiandardz83,in. waste-can screw grapple (ref. Dwg. W0147-0253-DD) on the

----electromnchanamcal manipulator (EM).

/15]/Using the M , perform the following:

[a Lo r t e screw grapple into the penetration and attach it to the inner transfer lid.

lb 0 Remove the inner transfer lid from the cask.
I. Lift the inner shield plug into the cell and place It on the prepared square of plastic or

<_•blotter paper.

[161 Remove the screw grapple from the EM and store it.

[171 Install either a latch grapple (ref. Dwg. W0147-0064-EE) or a screw grapple on the in-cell

crane or EM.
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[181 Using the in-cell crane or EM, lower the grapple into the penetration and attach to the

shipping basket.

1191 Using the in-cell crane or EM, lift the shipping basket into the main cell and transfer it to

the unloading station.

1201 Reattach the screw grapple onto the EM and inner transfer lid.

[21] Using the EM, lower the transfer lid back into the penetration and replac e In e-

outer transfer lid on the cask.

1221 Raise the EM back into the cell.

1231 Remove the screw grapple from the EM and store it.
[1241 Replace all penetration-IM floor plugs in the penetratio,(ref. HFEF 01 6).

1251 Bag-out the cask from penetration IMi (ref. HFEF-O-3••410 0)

[26] Return the cask to the truck-lock hatch he -

7.2 Cask Shipment

7.2.1 Replacing Cask Lid

[11 As directed by the HPT, perfbr ta co at h tion su ey and decontaminate the cask lid (as

needed), to enable removing heba ging leeve',from th cask lid in preparation for

reinstallation. 4
121 Clear all uninecessa personne om h e ea o h e truck-lock hatch.

131 Open the truck-lo~k hatc'hý\er HF F-0'N 13

[41 Notify the FAS of th"ntent pe theAephant-trunk exhaust valve.

151 Position1 i elephant trun opemhg directly next to the top of cask; open the elephant-trunk

exhaust valve to the middle p "t11on.

161 Instai)a ne 'bagging sleeve, econtarninate the shield ring, and remove stub as directed by

the HPI\

[71 's irected by the/HPT, complete decontaminating the shield ring and top of cask and
pply-tape ver the inner-transfer-lid screw hole. Shut down and store the elephant trunk.

1-'81 Using the craanefrmove the shield ring and place it in the storage location in the truck lock.

[99 -4shutterlshield is not required,/ /
/ T-HEN 2o to Step 7.2.l[15]_.

'0 Install a contamination bag (with rod tabs) over the door end of the shutter shield (if

necessary).

[111 Verify the shutter shield door is properly secured in the closed position and the chain

restraint is routed through the shutter-shield-door handwheel and attached to the chain

restraint tab.
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[12] If removed, reinstall the three 3/4-in.-10 UNC swivel eyes on the outer transfer lid

(ref. Fig. 8) and torque to the value specified on the tag.

[131 Reinstall the rigging on the shutter shield and crane.

1141 Using the crane, reinstall the shutter shield on the cask (ref. Fig. 6). Verify that the

gasket on the bottom of the shutter shield is in place prior to lowering the sh ler

cask.

[151 Remove the chain restraint from the shutter-shield-door handwheel, Tii rop

shield door operation, and then leave the door in the open position.

[161 Install a bagging sleeve between the shutter-shield or top of the cask (

the crane hook by performing the following:

neoprene

nto the

[a] Place decontamination materials into a bagging

[b] Secure the bagging sleeve to the shutter-shiel

bagging sleeve is properly secured.

[c] Cut a hole in the top of the bagg s et

[d] Install the rigging, through the hei

the transfer-lid assemblyr g

[e] Position the bagging seev, enear ct e shuterSh

bagging sleeve to the rl

eensure the

the rigg•r~hif pass through.

sleeve top, between the crane and

-cask (as applicable) and tape the

vjy raise,\he ntransfer-lid assembly into the clear polyurethane bag

heat sealing of the bagging sleeve. Verify that the lid seal on the cask is

.e shutter-shield door, secure the hand wheel with the chain restraint.

bagging sleeve between the shutter shield or cask and transfer-lid

121] As directed by the HPT, perform contamination surveys and decontaminate the transfer-lid

assembly (as needed) to remove bagging sleeve; then remove the bagging sleeve.
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[221 Install a new bagging sleeve on the shutter-shield or cask as follows:

[a] Obtain a bagging sleeve.

[b] Insert a sling (minimum WLL 100 lb) through a hole cut in the top of the bagging

sleeve to allow rigging installation on the crane.

[c] Tape the bagging-sleeve to the sling.

[d] Install the new bagging sleeve over the old bagging stub.

[e] Remove the old bagging-sleeve stub.

[f] Attach the sling to the basket guide and the crane.

[231 Notify the FAS of the intent to open the elephant trunkAaust valve.

[241 Position the elephant trunk opening directly next to th cakliopen the elephan tunk

exhaust valve to the middle position.

1251 Using the crane, carefully raise the basket cade fronmteca6 Mto the bagging sleeve and

then heat seal or tape the bagging slee e

[26] Using the crane, place the bagged basýet guid et on he setdown area on the truck-lock floor.

[271 If required by the HPT, install a e hal ength or 4 -in.-long bagging sleeve over the

shutter shield or cask ais aoteaicabe e).

[28] HPT - Perform an initial coitanfi ation urve freaohable portions of the cask cavity.

[29] As directed by the HPf', decon mi mt eachable porions of the cask cavity and/or shutter
shield. (Acceptan e riteriap mc'0 b) ta-gamma and <220 dpm/cm2 alpha.)

1301 When contaminao. leveilofxeachable portions of the cask cavity and/or shutter shield

have beei verified to b <2,2ý0 dpmizc eta-gamma and <220 dpmlcm2 alpha, then

continue with Ste 7.2.1 [3 \,,
[31 Attac4 a Tygon tube to the e tepn trunk, place the other end of the Tygon tube near the

bottom of thl cas -cavity to remove any gases and particulate from the cask cavity.

1321 With the Tygon hose in place exhausting the cask cavity, carefully remove the bagging

S"sleeve and\then decontaminate reachable portions of the shutter shield to <2,200 dpm/cml2

/ ta-gamma and '220 dpmlcM2 alpha.

1331 Remove the Trgon tube from the cask cavity and elephant trunk.

134 Remo.ve the elephant trunk.

[3 5]•-f used/close the shutter shield and secure the handwheel with the chain restraint.
/ ,
[36.JJf-ued, lift and remove the shutter shield firom the cask.

137] Replace the elephant trunk on the top of the cask.
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[38] IF the GE-2000-cask liner is to be removed and/or decontaminated,

THEN perform the following:

[a] HPT - Perform a contamination survey of the top of the liner and liner cavity.
(Acceptance criteria: <2,200 dpm/cm 2 beta-gamma, <220 dpm/cm2 alp .

[b] If decontamination of the top of the liner and/or liner cavity is nece an

decontaminate the top of the liner and/or liner cavity, as directe PTo reent, injury to finge rs or hand, do not place finger rhnsudrtessed.lnr

reach stick must be osedrtO decontaminate or take swipes on tye andtop of the linfesr

[c] Using the crane, slowly raise the cask li te WskZ,•:7 he sides and

bottom of the liner to <2,200 dpm ca ' et ance alpha
(ref, Fig. 10, Rigging Diagram fTtTb E ine r)."•

[d] When the cask liner is clear do the'hotce liner on plywood or plastic that has

been positioned on the and t a at n

[391 HPT- Perform contamlnat1 aora S () fr adio i and top of the cask. If necessary,

decontaminate the cant . (Acceptance criteria: <2,200 dpd.Cln2

beta-gamma and t c i cs i i n contamli natin sufvey results in

FRM-359 and pro"M-359n ei,. c ir th a copy of thes
140] Veri that no baggingmaterials or o the hot-cell, then obtain cask-vid and -cavity

o40] P fet in deand anal
cont ri sk1vipes foi- I'l Oni n tritium anlssand imm-ediately transfer tie

smear!- to...... tfcAiltca ,br r (AL) for radionuclide and tritium analysis. Document

Iconpl~etiani~ FA-359/."
te:elephant-tu a~te• vav nd eove the elephant trunk.

14ASSbt the k5xastvle 0n e
1442]JZnforin ..... 'tatt elephant trunk is nolonger being used.

Exmn be/s'ýid sa n giepn for cleanliness and saifcoycondition and

Gia if necessary. Verify that there is no debris relmaining on the seal. Document

44-_c~ompletioin in FRM-359.
14"~yi lat no bagging materials or other debris remains in the cask cavity. Document

"'"-copleionin FRM-359.
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NOTE' To determine if the GE-2000 cask interior has been decontaminated sufficiently for
over-the-road shipment. The sample results of the radionuclide swipe analysis must be
compared with the requirements of with Code of Federal Regulations Title 49,
Section 173, Subpart 428, Empty Class 7 Radioactive Materials Packaging requirements.

[451 Systems Engineer - Verify that the radionuclide swipes taken in Step . th

requirements for empty cask over-the-road transport. Document com e n

[46] If removed, return the cask liner to the cask cavity (ref. Fig. 10).

[471 Using the crane, replace the previously decontaminated cask lid on the c a

properly align the cask lid.

NOTE Subsection 7.2.2 is only performed if required. A
7.2.2 Pumping Argon from CaskTs

[11 Apply Teflon tape to the threaded pip'c,]1' into the cask-lid vent port; hand

tighten the pipe flange into the Il( ))11

121 Install the GE three-way lea test/Cvac ation apter oss fitting) red end towards the

pipe flange, by securely clamiy flange (ref. Fig. 11, Varian

SD-201 Pump-Doww•)Cmh•p.

131 Connect the Varia.. SD - 1acuum pM p d hose with matching KF flange to the top

(green end) of the Crs-iI t nI

[41 Connect the Varian-pup outlet h~os '(he cell-exhaust-system elephant truck.

[51 Conne/th einlerand outle ose c nections to the Varian pump.

[6] Info• theTAS that the Iephan trunk will be used.
171 Place the elephant-trunk exhaust valve in the mid position.

e xhalllse must be verified to be connected to the elephant trunk prior to
•lm.••!ti ,iii '"!npump p owersit rvent co ntaminating the cask cart and dpersonn elin

[81]-Verify the Varian-pump power-supply switch is turned off.

191 Plug the Varian-pump power cord into a standard 1 10-V receptacle.

110] Verify the outlet to the vacuum pump is exhausting to the elephant trunk.
[11] Verify that all hand-operated valves (both green and blue) on the Cross fittings are shut.

112] Place the power switch on the Varian pump in the ON position.
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[131 Open the green/purple valve (attached to the cask) and then observe the vacuum-gauge

reading.

[14] When the gauge indicates <5 torr, allow the Varian pump to run for 1 min longer.

[151 Place the Varian-pump power-supply switch in the OFF position.

[161 Shut the green valve on the Cross fitting (attached to the cask).

[171 With an HPT present, loosen and remove the top (green) butterfly clam

1181 Open the green/purple valve on the Cross fitting and allow the cask t re, fro a

negative pressure to atmospheric pressure, by allowing air to enter t ask.
[19] With an HPT present, remove the Cross fitting and pipe flange.

[20] As directed by the HPT, perform a contamination surveyand decontaminate e ss

fitting and pipe flange, bag the items if necessary.

[21] Remove the inlet and exhaust hoses from the Varian purp

[221 Shut the elephant-trunk exhaust valve.

[231 Remove the exhaust hose from the elepha un

[241 As directed by the HPT, perform a contami'•ation se and d n hinate the inlet and

exhaust hoses, bag them if necessary.

7.2.3 Final Cask-Lid Installation

[11 Apply Teflon tapeth k- p .
121 Using a ratchet w, ii wd ilen wrench, install the cask-lid vent-port

plug and tighten ufti I snug.

[31 Examine the cask-lid v, rt-po-t co\v amage and remove, examine, clean, and reinstall

the co e 0mocurlc ion in FRM-359.

[4] Usin aratchet wrciland 3/ ;4nV. hex-drive Allen wrench, reinstall the cask-lid vent-port

cover ith 0 tring;itenul snug. Document completion in FRM-359.

5.Using a patcnet wrencfi-and 3/8-in. hex-drive Allen wrench, remove the leak-test-port cover

/ (located the topside of the cask) and verify that the O-ring is present and in goodoiln.h \

ondfitibn. Document completion in FRM-359.

16] Using a-ra]tch-t wrench and 3/8-in. hex-drive Allen wrench, reinstall the leak-test port

ove . Docurment completion in FRM-359.

17,1 Using el-Pro-N-5000 graphite or equivalent bolt compound, lubricate the 15 cask-lid bolts

--- and then reinstall the bolts.
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NOTE Using the torque multiplier requires dividing the 690 ft-lb torque value by the multiplier
value (mv) or 690/mv = final torque. Each 230 ft-lb increment is determined by dividing
the final torque value by the following: first torque by 3, second torque by 2, and the last
torque by 1.

181 Using a 0 to 250 ft-lb torque wrench with the gear-head torque multiplie ndreactionbar,
torque the cask-lid bolts using a crisscross pattern in 230 ft-lb incre" t Ito r e

value of 690 ft-lb (ref. Fig. 12, Cask-Lid Bolt Torquing Sequence). R c -ordlt

torque-wrench serial number and torque completion in FRM-359.

[91 As directed by the HPT, decontaminate (as necessary) th cask exterior to odpyi

alpha/ft2 and <100 cpm beta-gamma.

110] HPT - When the cask exterior has been decontamina d to O2, dpm/f alp

and <100 cpm beta-gamma, document decont nmaon coionIn"1K1RM- '59 and

provide the systems engineer with a copy the s m on ation results.

[11] Apply 3M white scotch tape (No. 483_ ver the pot, cov rs (vent ar4seal test).

7.2.4 Replacing Cask into Overpack

[11 Materials Handling Servic /OP - Ing th high- ay-area crane, perform the

following:

[a] If necessary, ovelhie cask railer e truck lock.

[b] Transfer the cas to t\he ov rpack be on the trailer.

Icd S/wly-ol~wer th cas just"nside e overpack base positioning the auxiliary ears in

lMe with the tfailer le

[21 Reo the drain.-port cover'and verify that an 0-ring is installed and examine for

ýry condition, replace the drain-port cover and apply 3M white scotch tape

)ýver the-cover. Document completion in FRM-359.

the xourauxiliary ears; properly store the ears in the auxiliary-ear storage box and

I white scotch tape (No. 483) over the bolt holes.

tie slings from the spreader bar.

the top overpack-cover turnbuckles from the slings.
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[61 Materials Handling-Services/OPS - Using the high-bay-area crane, perform the

following:

[a] Position the spreader bar over the overpack cover, and attach the slings and shackles

to the overpack (ref. Fig. 4).

[b] Slowly lower the overpack cover over the cask, using care to ensure lo "n pins

are properly aligned. A&

[71 Obtain a torque wrench capable of 100 ft-lb for torquing the overpackT s

[81 Clean and apply Vibra-Tite compound to the 15 overpack bolts.

[91 With the crane supporting and steadying the overpack c install the 15 ol

by hand (no lubrication). Do not force the bolts.

[10] Using a torque wrench, torque the overpack bolts a R mlr pa t 00

the torque-wrench serial number and docu t .torqq omTi p ti in F

[11] Remove the crane and spreader bar from ,e o erp c k.

[121 Install the eight tie-down wire ropes, bIuc' k nd ackles on the overp•

(ref. Fig. 13, Overpack-Cover Tje•DovwI iag1)1 '

. Record

59.

ick as follows

[a]

[b]

[cl

Attach one end of an

Attach the oppo ite e

Using a shacxe•, ttaia

tlqe overpack cover.

to the 60-in.-long wire-rope sling.

sling to the outside trailer tie-down

[dl

- ýhik3t eg ln\ie overpack base and cover ratchet tumbuckles with the turnbuckle ratchet wrench

(ýý until all slaci\ $been removed from the wire ropes.

4._4] Materials Handling-Services/OPS - Perform the following:

[a] Using the crane, as needed, remove the overpack storage stand from the cask trailer

and transfer to the 7A equipment box trailer, and then strap it down to trailer.

[b] Connect the tractor to the trailer, raise the trailer jack stands, and remove the chocks.

[c] Remove the 6 x 6-in. timber from under the front end of the trailer.
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NOTE Hand-held bars should be placed through the ends of the tumbuckles to keep the
wire-rope slings from twisting from the torque being applied to the turnbuckles.

[d] Tighten the overpack-base-cover ratchet turmbuckles with the tumbuckle chet

wrench until all slack has been removed from the wire rope.

[e] Using the turnbuckle ratchet wrench, socket adapter, and a torqu ,rn h, (c€ aH$

of 165 ft-lb), tighten the overpack-cover tumbuckles using a c

in 40 ± 5 ft-lb increments to a final torque value of 160 to 165 ft- Reqord e :

torque-wrench serial number and document torque completion in FF-359.3

1151 Tighten the locknuts on the overpack-base and -cove ratche tmbuckles and se reithe

shackle pins with wire or tie wraps. / >

116] Move the truck approximately 10 ft and usin g e

Step 7.2.4[14][e], recheck that the torque -n the.oyerpacý o I urnbucle tie-downs has

not changed (160 to 165 ft-lb). If nec sary, l()sethe lock nuts andretorque the
turnbuckle tie-downs to obtain thepro torque valhe.

117] Document completion of ove ack \tidown *istallatLn in FRM-359.

[18] Install a TID through the ho~n te flan'e betw ten thop and bottom impact limiter.

Record completion in .R-359. W
[191 Strap down miscell neous itemýs'(•suclcas adder clean box, blocks, etc.) on the trailer.

[20] Set (spin) the co -ination, ck t••o o th-e white clean box prior to shipment.

7.2.5 Final ShippingP eparations

[11 HP "/- Perform a finalradiatibn survey of the cask and trailer; record survey results in

FRM-359 an c/mplete a outgoing truck and trailer survey map provide the systems

engineer with a co y/ot e survey maps.

C [2] HPT - Survey tZe cask (ref. precaution/limitation 4.1). Obtain the transport index (TI)
r" eading at 1metein3. ft) from the surface of the pay la i oddadrcr h

location and maximum TI reading; document completion in FRM-359.

1-] CW• Transportation Group - Perform the following:

-•_aj Record the criticality safety index (CSI) (fissile shipments only) and TI reading in

FRM-359 and affix the label(s) on the cask, as appropriate.
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NOTE Labels, tape or markings must not be placed directly on the cask body or overpack
surfaces. Labels must only be applied to the Aapproved tape-on area@ over 3M white
scotch tape (No. 483). Appendix A must be referred to for an approved list of materials,
tape, etc. for use on the GE-2000 cask package.

[b] Remove all old shipping labels and install new shipping labels on pakg00,ask

package.

[c] Complete a manifest using the radiation survey information re e .2.5

[d] Notify the TriState driver that the trailer must be blocked using 6 -

the tie-downs loosened when hooking up or unhooking from the cask e Ib

trailer.

14] Crew Supervisor- Verify all steps of forms 5RM 8 d F 5 av been

completed and signed off. Document com tionin F -35

151 Materials Handling-Services/OPS -- pen e1r'l1-Lpdoors anr\.e ove the tractor and

trailer from the truck lock.

8. PERFORMANCE SECTION - bADINGTV E-7A EQUIPMENT BOX

[1] Materials Handling-ýeryices \0 the trfor the 7A equipment box into the

truck lock.

121 Inventory the

individual eqt

131 HPT --/Fe-rf(. ?nsurvey of the GE-VNC equipment and decontaminate

fýr repackaging the equipment. Verify that the

within acceptable limits (precaution/limitation 4.1);

-357.
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NOTE All boxes and components are to be strapped down inside the 7A equipment box as
originally packaged to prevent any shifting of the load (ref. FRM-357, Fig. 1). Uni-strut
racks are fastened to the inside of the equipment box; they are intended to serve as
tie-down strap attachment points.

[41 Materials Handling-Services/OPS - Perform the shipment ch verifc y tIo W

reloading the GE-VNC equipment and document completion in F 57. nitia in

FRM-357 as each item is returned to its correct storage-box location ef. F - ,AFg.g•

7A Equipment Box Storage Locations):

[a] Verify that the spare cask seal security seal on thp4A\\equipment box is ,"Is 11 iCt.

(The spare cask seal, if provided, normally remai s inith A equipm&tbox unless it

has been required for use.) //1

[b] Using the crane, move the spreader ba (with shac les a, achedand umed upward)

into the 7A equipment box onto itsood adle. ecure sre ader bar with its

tie-down straps. d

[I] Using the crane, carefully mve the tandard ear box into the 7A equipment box
corer designated for . Work thxtandd-ear bx into the comer as far as possible;

then secure it with tie-d wn l'&ps.

[d] If present, using/tbeorane, car'c-ul4Y mov the drying box (orient the drying-box lid

handle to th6'ijnside&.bbefore 1 ,wering itnt the 7A equipment box). Position the diying

box across fromthe spp eader bar against the wall of the 7A equipment box. Secure the

dryin box with tib-dow trap

[e] (arefulyplace the rigigacessories drum on its side and then move it into the 7A

\equip tbobetweegn s(preader-bar lifting points and the side of the 7A

e' uipmnenox. Strap down the rigging accessories drum.

If removed fon the 7A equipment box, replace the drum spreader into the 7A

equip•nent box between the spreader bar and the drying box. Secure the drum spreader

with tie doxw4n straps.

.g] Carefully move the auxiliary-ear box into the corner of the 7A equipment box. Work

Tthe auxiliary-ear box into the comer as far as possible. Secure the auxiliary-ear box

wlith tie-down straps.

[hi Place the wrench box into the 7A equipment box between the spreader bar and the

drying box. Secure the wrench box with tie-down straps.

[i] Carefully move the leak-detection-equipment box into the 7A equipment box between

the spreader box and 7A equipment box wall. Secure the leak detection equipment

box with tie-down straps.
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UJ Carefully move the chain-hoist box (latches to the inside) into the 7A equipment box

between the spreader bar and the 7A equipment box wall. Secure the chain-hoist box

with tie-down straps.

[k] Place the bolt box on top of the chain hoist box. Secure the bolt box with te-down

straps.

11] Strap down and prepare the equipment box for transport in its stora e I ion . the

trailer. Document completion in FRM-357.

15] Crew Supervisor - All items have been accounted for and properly s i

equipment boxes. Document completion in FRM-357.

9. EMERGENCY PROCEDURES

9.1 Fire Alarm

[11 IF there is a fire in the imnmediate vici

THEN immediately evacuate the area

[2] IF there is not a fire in the area nd. r

THEN place the cask/paylodd in1 a sA

[3] Notify the HFEF Building Em

9.2 Radiation Alarm

[1] IF an HPT is not presen,

nbly area.

i ,id -',o the assembly area.

(BfI,D).)of cask/payload status.

ie area anOgo t6,the assembly area outside of HFEF.

,nt and monitpmndia'toi~pon pem,

falrowimng:

ýarea and go to the assembly area outside of HFEF.

directed by the HPT.

is present and monitoring

here is not a radiation problem,

perform the following:

[a]

[b]

Place the cask/payload in a safe condition.

Evacuate the area and go to the assembly area outside of HFEF.

141 Notify the HFEF BED of cask/payload status.



Form 412.09 (Rev. 09)

Idaho National Laboratory
Identifier: HFEF-OI-6210

GE-2000 SHIPPING CASK Revision: 2
Effective Date: 1/9/07 Page: 41 of 58

9.3 Criticality Alarm

9.3.1 Criticality in HFEF

[11 Stop all operations and evacuate HFEF, bypassing the personnel radiation m

relocate to the Bldg.-713 Conference Room (primary) or Bldg.-710 Confe

(secondary).

[21 Notify an HPT that personnel monitoring was bypassed while exiti °

[31 Potentially-Contaminated Personnel - Go to the EBR-II Health Ph is

Office.

[4] Notify the HFEF BED of cask/payload status.

9.3.2 Criticality in Another Facility

[1] Place the cask/payload in a safe condition igth in i a b

9.4 Site Alert

[11 Place the cask/payload in a sa f ton and z, t6 the in-building assembly

9.5 Site Evacuation

, and
)om

area.

area.

[11 Immediately sbust-wi hout passing through the personnel

a-Go to the west side of the gate at the Security

a whole-body survey before boarding the bus.

status.

121

131
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Fig. 1. Model-2000 Transport Package
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LIFTING EAR SCREWS

]-IN UNC 24 X 1 25-IN LONG
(TYPICAL 16 SCREWS)

CASK-LID SCREWS
1,25-IN-7 UNC 2,
rYPlrCAL 15 SCREV

-ONC

PLUG COVER

'LIU 0-RING

-VLU 0
_ID VENT FOR

LID

) SEAL

TANDARD EAR -

LEAD FILLED CAVI

NAME PLA IE

DRAIN PFR-I

LU I F

ATTACHELATE
(TYPICAL Z- PI_,CES)

NV

ALYL!II ANV EAR

.- P L U

PIrUG0 C PIN C
lACK CODY

I/E, -~5__2 x
N[ v 2 E/-C5

-CAVO Y
-PLUG COVEI

Fig. 2. GE-2000 Cask
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:K OR
E HOOK

M INIMUM)
•,O LB)

ý2REW-PIN SHACKLE
INIMUM WLL 4,U10 IB)

--- IN. SWIVEL HOIST RINC
(MINIMVU WILL 4.,00 LB)
(TORQUE 5WIVEL ['=E bOLTL 10 THE
VALUE INDICATED ON THE SWIVEL EYE)

7C IN. SQUARE

NOTE: A STAINLESS STEEL PLATE
SH•)JID HE _CCAIED IN THE
DOTTUM OF THE ADAP-IER.

T/P 1154-0-X
REV, 2, 3/05

Fig. 3. Rigging Diagram for GE-2000 Cask-Cart Adapter
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HIGH-P-AY CRANE

10 TDN

GE(- I OL S-REAW
(MINIMUM WILL ltý

ASSUME TWO LEE

FOUI
(MIMI

50 00 I-

VERTICAI_

5.100 LB
SIN 4E'-

7,214 LB

10,200 LH

,2_1' LE 7,214 LE'

-IýAL VFEUTIR

S)LINGLn)

"' I /Iivý-I S-ALXILoRS
(V\NVJUM \NLL 26,000 LEI

#_/

)

I'/P ,54'7 X
RFV 3, 0/'E-

4. Rigging Diagram for the GE-2000-Cask Overpack Cover
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Fig 5 Rigging Diagram for GE-2000 Cask
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H
3.500 L

45
ROM

iD RI ZCON IAL

A5SSUME- IWO LE(S

SIN\ 45'

7,00(, LB

4,'90 L13 0 0 LO

LUAD VELTOR

HFEF VRUCK-LOCK OR
HIGH-BAY-CRANE HOEOK

(MINIMUM

.3 EACH'
- 4,955 L

CKLES (.3 EAE/)-
V WLL L D5 E)

IN 'SHA-ILE (201 OINAII
U M W1L 4`150 JLF,

3/1-1N.-iU !N'_ SWOVEL "EYE
IV'NJVLJM V'k L .EzO= Sý)

'\NFC OAT 7 000 2
(W 7 520 -ý- ,050- E)E

NOTE: ADJLJ=T T ,F T5 ONRUCKL
7/I77LUH- P WIT', 'IE LELVL

F71 4E0 -N THE ýý-jN7- R -0
P0>\/Ft - SlHIF lA-H
LCMVERINF )N '> [II CAECIL.

T/F- 1150! X

Fig. 6. Rigging Diagram for Shutter Shield
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'- TRUCK-LIOCK CRANE

(OPTIONAL) SLING OR ARE RP
(MINIMUM WILL 2,D00 LE)4

-SHACKLE (OPTIONAL)
I(MINMUM WLL 2,000 LB)

- DYNAMOME
(NOTE DO N(

(WINWU.

LOAD CELL
_,D 2,000 LB)

1,O9D LB

1,00D LB

j'MANLIAL ýý, Z-CTRIC)
)M WLL1 2,066'L13)

9ADCING SLEEVE
_EAR POL YUR'THAN E

SLING OR WIRE ROPE (OPTIONAL
(VINIMUM ALL 2.000 -B)

-SHACKLE (OPTIONAL)
(VINIMULM WLL 2,000 LB)

GEF_- 2000-CASK
LID ADAP-ILR (OP1IONAL)
(MINIMUM WLL 2,000 LE)

SHU TTER SHIELD

T/P H542-X
REV. ý, 3/06 AUXILIARY LIFTING LAPS

GE-2000 CASK

Fig. 7. Rigging Diagram for GE-2000 Cask Lid
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NOTE: ROTATE BRIDLE SLINGS
UNTIL THE LID ASSEMBLY
IS SUFFICIENTLY LEVELED.

675 LB %H

4Y-

H Z-67 LB
5IN 415ý

H= 955 2B

955 LB S55 LB E

DAD VECTOR,

IWO PIECE TR

TRiUCK-LOCK CRANE

-- (OPTIONAL) SING OR VVIR
(MINIMUM WLL 1,400 L

SHACKLE (OPTIONAL)
(MINIMLJM WLL 1400 LB)

- DYNAMON
(NOTE: DO

(MINIM

OAD CELL
LOCI9L

N A.

,100 LB)

SiLE
F'•' OLYUSK
-HAND, 10
'520-0506

E VE
E [H A NE

-ES)

M 01 WIRS POPES
..M WlIl. ",45O IB)

WITH2 DPDTIO\AL
[V NIIKUM NVq

I,'ý ! !J N A I -
JRN3UCKLEI

A1_ ,4 K [.52)

_R S-IFI

AjNX:LIAFY, FTI\C -ARK

(;F 2990 (IASq2
2. 3/o6

Fig. 8. Rigging Diagram for Transfer-Lid Assembly
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CR4ANEHOCK

2,375 LBI H!

AýU)MCE IWO LECG

H 2,37S L1
SIN 45"

H = 3.3•-3 L3

4,750 LB

TAL

~'IRE HOPE 13IDLF

WE-I AIDD ILE 0 4ff I

EKLES (OPTICNAL)
WLL Z.400 LB) (EACH1)

-0/4l-IN,-iD UNC SWIVEL I-ISDT RINCO,•
(MINIVUH WILL ],400 LE) (EACH)

(10RCDUE SWIVEL H-IIC RINC5 TO i-IE VALUE
INGICAfD FIN 7-HE SWIVEL ki.12-7 RING )

S-HLD KING
(.7'.2C, [0•4-EE)
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B.!) IN. ID0
4-9 IN DD-

T/' H544-X
R/V. 2-, B/06

Fig. 9. Rigging Diagram for GE-2000 Shield Ring
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'R WIRE ROPE
-.DOD LB)

UV V\LL 3,420 LEý

'1 "EO LE)

Km B -

26.2-5 IN.

Fig. 10. Rigging Diagram for GE-2000-Cask Liner
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(GREEN/PURPLE) V1O

ICONNECT

VENT-PORT PIPE

VENT PORT
iq

GAUGE

CASK CAVITY
CELL EXHAUST
_PHANT TRUNK)

VARIAN SD-201
VACUUM PUMP

I
T/P H548-X
REV. 1, 8/04

11. Varian SD-201 Pump-Down Setup

0
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i;IL4WYON TOP OF CASK
'LT TICHTENING SEQUENCE.

12. Cask-Lid Bolt Torquing Sequence
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1 0QUANITY I ITEM NO. NAME QUANITY ITEM NO. NAME I
I 1 ITRAILER ITRUCK(ING INC TwAUnM.-AR9 I

I 26 IBREAKER BAR 1/2-IN. DRIVE
1 27
1 28.
1 29
1 30
1 31
1 32
3 33
1 34
1 35
1 36
4 37

I_ _ [1/2-IN. DRIVE
Ikl 1/2-IN. DRIVE. 4-IN. LONG

1/2-IN. DRIVE, 3/4-IN. 6 P(
12-IN. CRESENT
7/16-IN. OPEN/BOX END

4 38 SUNG 2-IN. BY B-FT NYLON
NUCLEAR GRADE MARKi

4-LEG, 1000 LB CAPA(

1O TAIERPC TRCKNGDN
1 2 ARRANGEMENT SEE G.E. DRAWING 101E8756, GROUP 1
1 3 TRA-NSPORT

STAND SEE G.E. DRAWING 101E8761. GROUP 1

4 11E-DOWN SEE G.E. DRAWING 183C8136. GROUP 1
2 5 11E-DOWNI

BRACKET SEE G.E. DRAWING 183C8336, GROUP 2

12 6 SHACKLE 1-38--IN. SCREW-PIN2HAULE
4 7 WIRE ROPE "PT No. 1
B 8 WIRE ROPE SEE G.E. DRAWING'21 81D61PT NO. 2

RATCHET DURBIN PT NO. -CJD "8.DO BARREL
11JRNBUCKLE LENGTH X 1.25-IN. DIV. THREAD E UIV.
RATCHET DURBIN PT O. •D••2.00 BA-RREIT0 URNBUCKLE LENGTH ý(.2-IN'-.%%D A. THR fD!OR EQiIUIV.

S 11 OVERPACK SEE G.F.l DRAWING 1,.OROUP 3l
COVER OR GSEEG.E. DRA WING • E•19C .- GROIJP'4
OVERPACK SEE 'G,-N 12 DRAWIN5G!N- OCERH749 HAND

1 212 TBASE OR GC.• ..DR PN 55A19 GREOUPI2
1 13 7A CONTAINER SEE G.E.•ORAWINGJOLE9547ý GROUP I./,
6' 14 4=n.-I. TRAP •,ppE BYCRIR '4 IT •
4 22 WRE ROPE 2 SI. OEN ED 0.

1TE-DOWN GR AWIN 105 GROUP I2 17 BRACKET SE G.E. DRWN"0 3........V
2 18 BRA•(ET • SEE G.E. DRAWING 11&3Cqi8 • b; ý

19 JAM NUT - 1.25-1N,- AME THEADS. RGHT HAND
8 2 0 , H U . 5 1 . 4 A C M E ' T H -R E A D S 'E F H A N D

1 1 TOCIL CHEST ',McMASTLR PiNoG7,5dA13 OR EQUIV.
2 2 WRENCH -2-IN. OPEN END ' )

1 1,23•P--RTCHTURNBI'WKEUT "E Sti1G.E.)FA•INO 166D860511, GROUP I

LY

T' T -IfIl T
I 5/LC4

~1~

II I 1

- - ii...

Eli ---- 
--- IC -- D

0

019 9 01/

L [_ T/P H550-X

4 REV. 0, 6/04

ig. 13. Overpack-Cover Tie-Down Diagram
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Appendix A

List of Approved GE-2000 Cask Products

ILST OF APROE GE20 CAS PRDCS

This appendix provides a list of approved products that can be used during GE-2000

activities. Use of these materials on the packaging will not adversely affect the pac.e4

Vequipment and systems in contact with the packaging. Only these materials that hav-

used. The use of other materials may be allowed, provided written permission is obta

# Never-Seez Nickle Special (Bostik Div., Black & Decker Co up, C o

# Fel-Pro N5000 (Fel-Pro Inc., Skokie, p1.) n
THREAD SEALANT COMPOUNDS- t
I Vibra-Tite (Oak]land Corporation/NO Industries -TV

# 12467, IC2417 (International Chemical ••al• ,op'Chcgo I.

#Van Straaten VLN Van Straaten Div,,_ -@ r• olN st l NN tminster, Chiag,1.)

# Turco 4521, Turco 4324, Truce 4324nýý,•r[• 1 es istr a

# Radclean RC-8, RC-9, RC-1O ( In- i e

# Tergitol NOT

# Crystal Green
MARKERS •l' "

# Marks-A-Lot blcl•iily (Carter-\s"4'Ik'C0• Waltham, Md)

# Sharpie TEL Car.e'r a, blac) (S-a-iifor d~oorporatlon, Bellwood, 11)
ADHESIVE TAPESA 41

#Scoh-No/ 226 (black), Scotch No 480 (clear)

# Scotch No. 483 (bla k white, or blue)

# W~YeAd~vhi-•X0 tei or black)
rSCt~oh T0.--5•4!3 (QM Co., St. Paul, MN)

WSj•D RMATERIAL
# What~man Filter/Paper Cat. No. 1001 -042 (Whatman International Ltd., Maidstone, England

# WYPA-L-L-'X60 Teri Reinforced Wipers (Kim-berly-Clark)

Appendix A
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#, Plwo forp cas and lida set dow

# TYVEC labcoat coveralls, Style 01101 (Lakeland Industries Inc.

# Yellow rubber gloves, (Marigold Industrial, LRC Surety Products)rt n

# Polyurethane, 8-10 mil clear bagging sleeves (FabOhio, Inc.)

# PVC, 8-mil bagging translucent and clear bagging sleeves (FabOhio, Inc.)

VHENTDRAING A-ND: CSEA SUPR

# Plywood for cask and lid set down
# Polyethylene Strip Lennite CN-P UHMW static control, guide• sk adapter(B -dc------

Inc.) -- I l• k

# Stainless-steel A240 and 304 (ASTM A240 and 304), comlti rI IntIa F adapter

# Neoprene gasket material to support cask shiel r*, lp
# Cask/cask cart polyurethane stabilizing blocks I

SHIPPING CONTAINERS A

# 6061 l-T6 aluminum basket guide

# 696 1-T6 aluminum basket
VENT, DRAIN AND SEAL PORTMS [VN 1_P 1'EIOU IG'

# Telntape

Appendix A



7.7 REFERENCES

[7.1] International Atomic Energy Agency (IAEA) Safety Standards Series No. TS-R- 1
(IAEA TS-R-1), "Regulations for the Safe Transport of Radioactive Material," 1996 Edition
(as amended 2003).

[7.2] U.S. Nuclear Regulatory Commission (NRC), Title 10, Code of Federal Regulations, Part 71
(10 CFR 71), "Packaging and Transportation of Radioactive Material," January 26, 2004.

[7.3] U.S. Department of Transportation (DOT), Title 49, Code of Federal Regulations, Part 173
(49 CFR 173), "Shippers - General Requirements for Shipments and Packagings," Latest.

[7.4] U.S. Nuclear Regulatory Commission (NRC), Title 10, Code of Federal Regulations, Part 20
(10 CFR 20), "Standards for Protection Against Radiation," 2005.

[7.5] U.S. Nuclear Regulatory Commission (NRC), Title 10, Code of Federal Regulations, Part 21
(10 CFR 21), "Reporting of Defects and Noncompliance," January 1, 2003.

[7.6] U.S. Nuclear Regulatory Commission (NRC), Title 10, Code of Federal Regulations, Part 73
(10 CFR 73), "Physical Protection of Plants and Materials," January 1, 2002.

[7.7] U.S. Department of Transportation (DOT), Title 49, Code of Federal Regulations, Part 171
(49 CFR 171), "General Information, Regulations, and Definitions," Latest.

[7.8] U.S. Department of Transportation (DOT), Title 49, Code of Federal Regulations, Part 174
(49 CFR 174), "Carriage by Rail," Latest.

[7.9] U.S. Department of Transportation (DOT), Title 49, Code of Federal Regulations, Part 172
(49 CFR 172), "Hazardous Materials Table, Special Provisions, Hazardous Materials
Communications, Emergency Response Information, and Training Requirements," Latest.

7-92 AOS Radioactive Material Transport Packaging System Safety Analysis Report
for Model AOS-025, AOS-050, and AOS-100 Transport Packages, Rev. C



8 ACCEPTANCE TESTS
AND MAINTENANCE PROGRAM

Thermal Evalit n

* Temperatures
T 3-4

* Pressure - T 3-3
* Heat transfer

features

Containment

" Fabrication
verification leakage
rate - (Table 1-4)

" Periodic verification
leakage rate - 4.4

Shielding Evaluation

" Shielding test
" Shielding material

specification 5.1.1.2

Criticality Evaluation
NIA

• Dimensions and
tolerances

o Neutron poisons

Package Operations

. Periodic testing
(8.2.1.2)
Replacement
component testing

I I F

Acceptance Tests and Maintenance Progr'am, Chapter 8

Acceptance Tests Maintenance Program

* Visual and measurement • Components and * Pressure and structural - Components and
841.1 materials - 8.1 8.2.1 materials - 8.2.3

* Weld examination * Shielding - 8.1.6 * Leakage - 8.2.2 • Thermal - 8.2.5
8.1.2 • Thermal - 8.1.7 * Miscellaneous - 8.2.6

• Pressure and structural
8.1.3

. Leakage - 8.1.8

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

8-1



Note: Unless indicated otherwise, all information related to the Model AOS-100A is also applicable
to the Model AOS- 1OOA -S.

The test program required by 10 CFR 71, Subpart G [8.1], is prescribed to verify construction materials,
fabrication processes, and package design adequacy in meeting the regulations. This chapter discusses
the acceptance tests and maintenance program for the overall AOS Radioactive Material Transport
Packaging System (AOS Transport Packaging System), with emphasis on the Model AOS-165
transport package, because it was the model that was fabricated, and thermal and drop tested.

Table 8-1 through Table 8-3 provide general information of the AOS Transport Packaging System related
to their dimensions; the Codes and Standards applied to their design, fabrication and testing; and their
components' materials of construction, respectively.

Table 8-1. AOS Transport Packaging System Dimensions and Cg Location - All Models

-Dimensions
0 ____.. ... . (cm in.) P

S Packaging , - Cask.. .Cavity gbkaging
Pad :Weighta Cg Location

Model OD 1"Height OD Height 0' D Height (kg I lbs.) X Y Z

28.96 39.62 17.78 22.86 4.14 12.70 71.4 19.05 19.05 26.34AOS-025A Ill 11.40 15.60 7.00 9.00 1.63 5.00 157 7.50 7.51 10.37

57.96 79.25 35.56 45.72 8.26 25.40 511 41.91 41.91 46.28AOS-050A Ill 22.82 31.20 14.00 18.00 3.25 10.00 1,126 16.50 16.50 18.22

115.93 158.50 71.12 91.44 16.51 50.80 3,950 91.44 89.15 80.03AOS-100A II 45.64 62.40 28.00 36.00 6.50 20.00 8,700 36.00 35.10 31.51

115.93 158.50 71.12 91.44 16.51 50.80 3,232 91.44 89.15 80.03AOS-100B IllII__45.64 62.40 28.00 36.00 6.50 20.00 7,125 36.00 35.10 31.51

115.93 158.50 71.12 91.44 16.51 50.80 3,901 91.44 89.15 80.03AOS-100A-S II 45.64 62.40 28.00 36.00 6.50 20.00 8,600 36.00 35.10 31.51

191.26 264.16 117.35 150.88 27.23 83.82 18,234 152.40 121.41 121.92
AOS-165A

75.30 104.00 46.20 59.40 10.72 33.00 40,200 60.00 47.80 48.00

191.26 264.16 117.35 150.88 27.23 83.82 15,535 152.40 121.41 121.92
AOS-165B

75.30 104.00 46.20 59.40 10.72 33.00 34,250 60.00 47.80 48.00

a. All AOS Transport Packaging System models have dimensions greater than 10 cm (4 in.).

b. Refer to Figure 2-13, "Center of Gravity - Model AOS-100."

8-2 AOS Radioactive Material Transport Packaging System Safety Analysis Report
for Model AOS-025, AOS-050, and AOS-100 Transport Packages, Rev. C



Table 8-2. Codes and Standards for Design, Fabrication, and Testing

Component Safety Group

Containment Criticality Other Safety'

Primary
Vessel,
Bolts,

Piping,
Fittings

and
Closure

Bolts

Package
Components
or Features

Support
Structure/
Neutron

Absorber

Structural
Shell,
Bolts,
and

Closure

Neutron-
Shielding,,

Piping
and -

Fittings
Primary

Seal
Gamma

Shielding
Secondary

Seal
Lifting
Lugs

+ + F ± F

Safety
Classification

A A A B B B B B A B A

Sec. III,
B&PVCod Divsio 1,Sec VIII,B&PV Code Sec. 111, Division 3 Division 1, Sec. Ill, Division 1, Subsections NG and NF Division 1

Section Subsection Dvso
NG

Material SAE-AMS-

Requirements WB-2000 NG-2000 T-21014, NF-2000 NF-2000 NF-2000 NG-2000 NF-2000 UG
Class 3

Forming, Fitting WB-4200 NG-4200 NF-4200 NF-4200 NF-4200 NG-4200 NF-4200 UG
and Aligning

Welding WB-4400 NG-4400 NF-4400 NF-4400 NF-4400 NG-4400 NF-4400 UW

Qualification of
Weld Procedure WB-4300 NG-4300 NF-4300 NF-4300 NF-4300 NG-4300 NF-4300 UW
and Personnel

Weld Heat WB-4600 NG-4600 NF-4600 NF-4600 NF-4600 NG-4600 NF-4600 UW
Treatment

Examination WB-5000 NG-5000 NF-5000 NF-5000 NF-5000 NG-5000 NF-5000 UW/UG

Guidelines PerPerANS Gama er ANSI Per Table
Acceptance WB-6000 ANSI Gamma ASTM Applicable ANSI ANSI Paragraph NSI 8.4
Testing N14.5 Scan Test B311-2002 Code N14.5 N14.6 8.1.7 N14.6 8.4

Standards
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Table 8-3. Material Selection of Major Transport Packaging System Components (Typical)

Reference

Component Material Selection I st Alternate Material 2 nd Alternate Material DrawIriga Item No.

Cask

Outer Shell
ASME SA-451/ASTM A451,
GRADE CPF 8

ASME SA-351/ASTM A351,
GRADE CF 8

ASME SA-182/ASTM A182
GRADE F304 OR F316

ASME SA-182/ASTM A182 ASME SA-351/ASTM A351, ASME SA-451/ASTM A451,
GRADE F304 OR F316 GRADE CF 8 GRADE CPF 8

ASME SA-240/ASTM A240 ASME SA-182/ASTM A182
TYPE 304 OR 316 GRADE F304 OR F316

TUNGSTEN MIL/AMS -T-21014 CARBON STEEL FORGING
CLASS 3 PER ASME SA-105

ASME SA-240/ASTM A240 ASME SA-182/ASTM A182
Lid Plug TYPE 304 OR 316 GRADE F304 OR F316

ASME SA-240/ASTM A240 ASME SA-182/ASTM A182
TYPE 304 OR 316 GRADE F304 OR F316

ASME SA-479/ASTM A479Trunnion TP 1
TYPE 316

ASME SA-240/ASTM A240 ASME SA-182/ASTM A182
TYPE 304 OR 316 GRADE F304 OR F316

Lid Attachment ASME SB-637 UNS N07750
Bolts TYPE 3

105E9712G001

Port Plug ASME SA-182/ASTM A182
GRADE F304 OR F316

ASME SA-479/ASTM A479
TYPE 316

Impact Limiter

ASME SA-240/ASTM A240
TYPE 304 OR 316

POLYURETHANE FOAM
GP 3700 SERIES

a. The Model AOS-100A drawings are used for this tabulation.
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8.1 ACCEPTANCE TESTS

The inspection and acceptance tests are specified in the engineering specifications and drawings for the
AOS Transport Packaging System and governed by the Quality Assurance Program covering all design,
fabrication, and operation activities. Non-Destructive Examination (NDE) procedures and acceptance
standards are based upon the ASME Code, Section III, Division 1 [8.2] or Division 3 [8.3].

Table 8-4 presents a summary of the overall AOS Transport Packaging System acceptance test program.
Table 8-5 through Table 8-11 define the acceptance test programs for materials, fabrication processes,
and design verification.

Table 8-4. Acceptance Test Matrix

Model

CD)
' €I I.. .I• " '• CO I I ý. < M,1O 0 0 0 4 "O UO

CYd U) 0 0 0 (0t (D

U) Cn CI hChC
0 o 0 0C)

TestType

Acceptance

Materials

Metals V V V V V V V

Foama ..... '

Sealb v V ' V

Weld V V V V

Verification

Materials

Foamc V / V V V V V

Weld V V V V V V

Seald . V ' V V V

Containmente V V V V ' V V

Thermal . V

Mechanical ..... -

Containmentf V V V V V V V

Gammag V V V

a.

b.

C.

Formulation tests are performed upon initial order or formulation change.

Vendor performs independent material verification.

Batch tests are performed upon each batch required to fulfill an order.
Increment or Pour tests are performed upon each pour of every batch.

d. Vendor to perform Environmental test upon initial order or material change.

e.

f.
9.

Pressure testing at 150% design pressure 10 CFR 71.85(b) [8.1].

MSLD He Test at least 2.OOE-08 Std atm-cc/sec sensitivity.

Performed prior to first shipment or sooner.

AOS Radioactive Material Transport Packaging System Safety Analysis Report
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Table 8-5. Type 304 and 316 Material Requirements

Definition Requirements Test Frequency Remarks

Base Specification

Suffix W ASME SA-479/ASTM A 479 Type 304 - Bar and Shapes

Suffix W1 ASME SA-479/ASTM A 479 Type 316 - Bar and Shapes

Suffix X ASME SA-312/ASTM A 312, Grade TP 304 - Pipe

Suffix X1 ASME SA-312/ASTM A 312, Grade TP 316 - Pipe

Suffix Y ASME SA-182/ASTM A 182, Grade F 304 - Forgings

Suffix Y1 ASME SA-182/ASTM A 182, Grade F 316 - Forgings
Plate, Sheet,

Suffix Z ASME SA-240/ASTM A 240, Type 304 -an Strip
and Strip

Plate, Sheet,
Suffix Z1 ASME SA-240/ASTM A 240, Type 316 -an Strip

and Strip

Chemistry C < 0.050 (all suffixes) One Chemical
Modification Analysis Required "N per Heat

Inventory Material - 1,0400C (1,900'F),
minimum, in accordance with the
Base Specification.
New Wrought Material - 1,040 to 1,1490C One per Heat Certification

Heat Treatment (1,900 to 2,100'F) for 15 min/25 mm
(15 min/1 in.) of thickness, but not less
than 15 minutes.
All Materials - Alternate quenching
methods require prior AOS approval.

Pickling performed in accordance
Descaling with Treatment Code A of ASTM A380. After final solution
(Oxide Removal) Other descaling methods are permitted heat treatment

with prior AOS approval.

Mechanical Tests Properties at Room Temperature, One per Heat After final solution
as required by the Base Specification. and Heat Treat Lot heat treatment

Hardness Test Not to exceed Rockwell B90, One per Heat After final solution

per ASTM A370. and Heat Treat Lot heat treatment

ASTM A262 Practice A - Modified -
Material having ditching greater than 5% Inventory Material -

is unacceptable. Can be waived by AOS 10% of
for material not exposed to reactor water Supplied Pieces After final solution
environments at elevated temperatures New Material - heat treatment
for extended periods of time. Referee ne periat
testing, using electrolytic nitric solution, and Heat Treat Lot
is permitted.a
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Table 8-5. Type 304 and 316 Material Requirements (Continued)

Definition Requirements Test Frequency Remarks

Inventory Material -

Surface sample after pickling or if pickling 10% of After final solution
Intergranular is not used after final heat treatment - Supplied Pieces heat treatment
Attack IGA or pitting in excess of 0.025 mm New Material - and oxide removal

(0.001 in.) deep is unacceptable. One per Heat (if applicable)

and Heat Treat Lot

Non-Destructive As required by the Base Specification

Examination and/or applicable ASME Section III 100%
requirements, [8.2] and [8.3].

a. The Referee test for sensitization is used as a second check if the A262 results are borderline or inconclusive.
The 5% ditching acceptance criteria is imposed by GE, and is tighter than A262 itself, where practice A
is used only for screening, and practice E for acceptance. Nevertheless, the Referee testing was not needed,
nor used, on the AOS Cask, Model AOS-165A, Serial No. 001.

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

8-7



Table 8-6. Bolting Material Requirements

Definition Requirements Test Frequency Remarks

Base Specification

Suffix W SA-193 Grade B6 - Bolting materials

Suffix X SA-193 Grade B8RA - Bolting materials

Suffix Y SA-564 Type 630 H 1100 - Bar (for bolting)

Suffix Z SB-637 UNS N07750 Type 3 - Bolting materials

One ChemicalChemistry No modification Chemistry, as required Analysis
(Weight %) by the Base Specification. Required,

per Heat

One per Heat
Heat Treatment As required by the Base Specification. and Heat Certification Statement

Treat Lot

One per Heat After heat treatment,
Mechanical Tests As required by the Base Specification. and Heat

Treat Lot per ASME SA370

One per Heat
Hardness Test As required by the Base Specification. and Heat After final heat treatment

Treat Lot

Sensitization Test Test not required. -_-

Intergranular After Pickling AOS to approve
Attack (IGA) Appendix A30. sampling plan

Weld Repair Weld repair is not permitted _
on bolting materials.

Non-Destructive As required by Code and 100%
Examination Appendix A50.

0
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Table 8-7. CPF-8, CF-8 Material Requirements

Definition Requirements Test Frequency Remarks

Base Specification

Suffix T ASME SA-451/ASTM A 451 Grade CPF8 Cast Pipe

Suffix U ASME SA-351/ASTM A 351 Grade CF8 Casting

Chemistry One Chemical

Modification As required by the Base Specification. Analysis Required -
per Heat

Ferrite to be

Controlled within the allowable limits of the One Analysis measured

Ferrite Content Base Specification, to produce a minimum ferrite Required per Heat on an actual
content of 5%, as determined magnetically by and Heat casting, after
Practice ASTM A800, S1. Treat Lot final solution

heat treatment

Solution Heat Treat at 1,040°C (1,900'F), minimum, One per Heat Certification
Heat Treatment in accordance with the Base Specification. and Heat Statement

Treat Lot Stemn

One per Heat After final
Mechanical Tests Properties at Room Temperature, and Heat solution heat

as required by the Base Specification. Treat Lot treatment

One per Heat After final
Hardness Test As required by the Base Specification. and Heat solution heat

Treat Lot treatment

Sensitization Test Not required.

Inventory
Material - 10% of After final

Surface sample after pickling or if pickling Supplied Pieces solution heat
Intergranular is not used after final heat treatment. IGA treatment and
Attack (IGA) or pitting in excess of 0.025 mm (0.001 in.) New Material - oxide removal

deep is unacceptable. One per Heat (if applicable)
and Heat
Treat Lot

Non-Destructive As required by the Base Specification, Radiography

Examination per NB-2575, and additional applicable 100%
requirements of ASME Section III, [8.2] and [8.3].

Procedures require AOS approval prior Buyer
to performance of the repair work. approval

Weld epairrequired
Weld Repair Repairs to castings subsequent to solution for repair

annealing must be documented and submitted procedure

to AQS.
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Table 8-7. CPF-8, CF-8 Material Requirements (Continued)

Definition Requirements Test Frequency Remarks

Surfaces shall be visibly free of miscellaneous
processing materials and essentially free of
contaminants of concern, including chlorides,
fluorides, sulfur, bromides, lead, mercury, and other
low-melting-point metals. Water used for cleaning
must meet the following requirements:

Attribute Potable Water Demineralized

pH at 250C (7°F) 5.5 to 8.0 5.5 to 8.0
Cleaning/Surface Chlorine, ppm < 35 < 1 All Materials
Preparation Fluorine, ppm < 10 < 1

Sulfide, ppm < 1 < 1

Silica - < 0.05 ppm

Conductivity pS/cm - < 3

Final cleaning must be performed with
demineralized water and can be performed
by the Fabricator.

0
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Table 8-8. Packaging Polyurethane Foam Testing and Sampling Plan - Model AOS-165

ulerof, Nominal., ".T~olerance apeSz
,-TestTypea Test Description Sap•e•s Value ( Noinal) L., (iz.

Each ± 15%
Density, pcf (kg/mr3) 3 20 (320) Increment 2 x 2 x 1

±10%

Static Crush Strength,3c Report Value Report Value and
psi (kPa) 2 x 2x2

Flame Retardancy Burn length 0.5 x 3 x 6+Flame etardncy 3* 6 in.-

Intumescence 2 50% Minimum 2 x 2 x 2

Formulation Leachable Chlorides 1 1 ppm < 1 ppm 2 x 2 x 2

Thermal Conductivity,
Btu * in. / (ft2 * 'F * h) 1 0.349 (0.050) Each ±15% 8.0 dia. x 1.0 L

(W / (m * 'K))

Specific Heat, Btu/hr-°F 1 0.351 Each ±20% As Required

0.05 lbs of
Water Absorption 3 water per ft2  Not to Exceed 6 x 6 x 3

in 96 hours Nominal

Chemical Composition 1 sample per Report Value Report Value As Required
formulation

Each ±15%
Density, pcf (kg/mi3) 3 20 (320) Increment 2 x 2 x 1

±10%

Static Crush Strength, d Refer to Each ±15%
pi(a)3 Tbe89 Increment 2 x 2 xl1

Batch psi (kPa) Table 8-9 +10%

Flame Retardancy Burn length - 0.5 x 3 x 6+FlameRetadanc 3 *6 in.-

Intumescence 3 50% Minimum 2 x 2 x 2

Leachable Chlorides 2 1 ppm < 1 ppm 2 x 2 x 2

AOS Radioactive Material Transport Packaging System Safety Analysis Report
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Table 8-8. Packaging Polyurethane Foam Testing and Sampling Plan - Model AOS-165 (Continued)

Number of, Nominal Toleranceb.- Sample Size
Test Type8 a "-,Test Description - -Samples Value'',,. ,(of Nominal):- L-x W xH (in.)

Static Crush Strength, d Refer to Each ± 15%
pi(a)3 Ial 89 ncrement 2 x 2 x 1psi (kPa) Table 8-9

± 10%
Pour

Each ±15%
Density, pcf (kg/m 3) 3 20 (320) Increment 2 x 2 x 1

±10%

0

a. Formulation tests are performed upon initial order or formulation change.
Batch tests are performed upon each batch required to fulfill an order.
Increment or Pour tests are performed upon each pour of every batch.

b. Each sample must meet the indicated test tolerance. In cases where multiple samples were taken, the
indicated tolerance applies to the numerical average result of the samples. For example, each static crush test
result must be ±20% of the nominal value, and the average of the samples must be ± 15% of the nominal value.

c. Three (3) samples are tested at each of the following temperatures - -400C, 24°C, and 121'C (-40'F, 751F,
and 250'F, respectively) - at strains of 10%, 40%, and 60%, in each direction; Parallel to Direction of Rise
and Perpendicular to Direction of Rise.

d. Three (3) samples are tested at 240C (75'F), at strains of 10%, 40%, and 60%, in each direction;
Parallel to Direction of Rise and Perpendicular to Direction of Rise.
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Table 8-9. LAST-A-FOAM FR-3700 Series Static Crush Strength Nominal Values

Parallel (psi)a Perpe'ndicular (pia
FR-3700 ~kŽ10% =40%/K~ =600% 8=0/6 ~ 4% =

-20% 745 964 1,927 769 1,021 2,000

-15% 791 1,024 2,048 817 1,085 2,125

Nominal 931 1,205 2,409 961 1,276 2,500

15% 1,071 1,386 2,770 1,105 1,467 2,875

20% 1,117 1,446 2,886 1,153 1,531 3,000

a. Data provided by supplier, and represents "in-situ" conditions.

Table 8-10. Fabrication Inspection

Inspectio Type;

Penetrant .Ultrasonic

Visual Test Test est , Leak Test'
,Process, (VT) (PT) (UT) . . (LT) Hydrostatic

Assembly va

Component Surface V

Subassembly V

Weld Vtb

a. Containment boundary only.

b. Hydrostatic test is performed.

Table 8-11. Design Verification Test Matrix

Test Category Test Type .References Test Description

MSLD - Evacuated envelope
1. Containment Leak ANSI N14.5 - 1997 [8.5] with back pressurization.

7-kW heat source in cask cavity
Thermal transmission with axial, radial, and ambient
properties temperature monitoring to steady

state and cool down.

3. Containment Leak ASME WB-6200 Hydrostatic Test at 150% design
pressure.

9-m (30-ft.) Free-Drop Free drops on head-on, side,
4. Impact test - three (3) Engineering Specification and Cg/Corner orientations.

orientations

5. Containment Leak ANSI N 14.5 - 1997 [8.5] MSLD - Evacuated envelope

with back pressurization.

Dose rate mapping of cask
6. Shielding Dose rate mapping Engineering Specification external surfaces, due to

an internal gamma source.

AOS Radioactive Material Transport Packaging System Safety Analysis Report
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8.1.1 Visual Inspections and Measurements

Visual examinations of all component surfaces, including welds and dimension inspections, are conducted
during packaging fabrication. These inspections, as well any other NDE inspections, are conducted
according to approved written procedures. Their objectives are to identify harmful discontinuities (such as
overlaps, seams, cracks, porosity, crevices, excessive oxidation, and so forth), and to verify that the
component or item critical dimensions are met, as specified in the certification drawings. (Refer to
Table 7-6, "AOS Transport Packaging System Certification Drawing List - All Models," for a complete list.)

Results are documented in the Visual Inspection and Dimensional Inspection reports, located in the
Fabrication Record file. Any indication found, as described above, shall be repaired or disposed of, in
accordance with a written procedure issued by the Fabricator.

8.1.2 Weld Examinations

All welds within the cask component and impact limiters are visually and liquid-penetrant tested (root and
final passes). Also, the weld within the containment boundary must be ultrasonically and liquid-penetrant
tested. These inspections are performed to ensure that no cracks, incomplete fusion, nor lack of
penetration exist. Parts that do not meet the established criteria are repaired or replaced, in accordance
with written procedures issued by the Fabricator and approved by AOS.

The Model AOS-1 65 transport package has the option of two (2) weld configuration types:

* Circumferential, ASME Code type A weld

* Corner, ASME Code type C weld

The Model AOS-025, AOS-050, and AOS-1 00 transport packages use only the corner type C weld.

When the type A weld is used for the Model AOS-165 transport package, the required X-ray examination
of the weld is replaced by an Ultrasonic Test (UT), per ASME Code Case N-659 [8.4]. Weld configuration
types are discussed in Chapter 4, Subsection 4.1.1, "Containment Boundary."

8.1.3 Structural and Pressure Tests

In addition to the test described in Subsection 8.1.2, the cask cavity is hydrostatically tested, to ensure that
the containment boundary can support the Design Pressure, per the requirements of NB6200,
Subsection NB, Section III of the ASME Code [8.2] and [8.3]. The Test Pressure is 1.5 times the size of
the Design Pressure.

8.1.4 Leak Tests

The assembled cask is leak-tested, by pressurizing the cavity to 1 atmosphere above the background cask
cavity with helium when the cavity has been evacuated. Leak testing of the vent port plugs, drain port

plugs, and lid seal is performed, using an MSLD with a sensitivity of <1 * 10-9 atm cc/sec. The lid seal is
tested by connecting the test probe to a test port between the two seal rings of the seal, and determining

the leak rate. A leak-tightness criterion of 10-7 atm cm 3/sec or less, based upon dry air at 25°C (32°F) and
for a pressure differential of 1 atm, is used. If the leak-tightness criterion is not met, a new seal must be
installed and tested.

0
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8.1.5 Component and Material Tests

8.1.5.1 Valves, Rupture Discs, and Fluid Transport Devices

Component tests of valves, rupture discs, and/or fluid transport devices are not applicable, because these
parts do not exist in any of the AOS Transport Packaging System models.

8.1.5.2 Materials

Table 8-5 through Table 8-7 present the test requirements prescribed by each material specification and
may contain additional tests, in some cases, included by the designer.

8.1.5.3 Seal Testing

The seal-testing procedure is based upon ANSI N14.5-1977 [8.5]. The seal material is tested under the
temperature environments listed in Table 8-12.

The seal material is mounted in a test flange, and leak-tested with an MSLD. Seal material exceeding the
allowable leak rate is rejected. The test flange/seal assembly matches the force per inch on the seal, and
the flange stiffness to that of the actual joint in the cask. Initial seal qualification test results are presented
in Chapter 4, Appendix 4.5.1, "Helium Leak Qualification Test of Garlock Helicoflex H309352
and 309353-5." The test reported in Appendix 4.5.1 was performed to demonstrate that the selected seal
materials are able to perform at their temperature limits. It was not used to qualify the seal joint. The
seal joint qualification test is performed with the actual joint using the cask, seal, lid, and bolting installed,
as prescribed, in the Acceptance Test and Annual Test procedures.

Table 8-12. Metallic Lid Seal Testing Temperature Environments - All Models

Minimum Typical Maximum

"C OF °C OF "C OF

-40 -40 21 70 427 800

8.1.6 Shielding Tests

The AOS Transport Packaging System uses either tungsten alloy or carbon steel as its shielding material.

Confirming the density of each piece or component provides the necessary inspection process for the
shielding attribute of these materials. In addition, prior to the first use of the transport package, a Co-60
source is placed inside the cask cavity and its outside surface is surveyed with a gamma detection
instrument. Equally spaced meridian and circumferential lines, along the vertical axis, divide the outside
cask surface in approximate 10 x 10 cm (4 x 4 in.) squares. Dose rate readings are taken over each corner
and center of the square area created by these lines. The criterion used to evaluate the effect of material
defects (such as voids, cracks, and so forth) is that the dose rate cannot exceed 1.5 times the mean
dose rate.
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8.1.7 Thermal Tests

A thermal test is performed to evaluate the analytical model used, to demonstrate compliance with
the thermal regulatory environments. The test results are compared with the results of the analytical
model subjected to the same environment as the test. The test results are provided in Appendix 8.3.1,
"Heat Test Report."

8.1.7.1 Test Setup Discussion

Test setup consists of concentrically placing an electrical heat source within the. cask cavity.
Temperature-sensing devices are strategically placed at various locations within the cask cavity, on
exterior surfaces of the cask, and in the environment surrounding the cask. The heat source is turned on to
a value equal to or greater than the decay heat value of the radioactive source proposed for the cask.
Temperature data is recorded at a minimum interval of one (1) minute during the transient event, until the
cask reaches a steady state and remains significantly unchanged for approximately one (1) hour. This
completes the "heating cycle." Thereafter, the heat source is turned off, to allow the cask to cool down.
The "cool down cycle" is also recorded, as in the previous cycle.

0
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Figure 8-1. Thermal Test Setup - Model AOS-165

Notes: The numbered red dots in Figure 8-1 represent thermocouple locations.

The dimensions provided in Figure 8-1 are those of the Model AOS-165 transport package.

All dimensions are in inches.
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8.1.7.2 Test Procedure

A 7-kW heat source is placed in the cask cavity, and the resulting temperatures are recorded until
the system reaches steady state. The test is conducted inside a 3m L x 3m W x 3m D (10 ft. L x 10 ft. W x
10 ft. D) pit, to maintain the ambient temperature as constant as possible during the entire test. The

instrumented cask sits upon a fiber steel wool insulation pad, on top of a 46-cm (18-in.) high carbon steel
pedestal located inside the pit. Figure 8-2 illustrates the instrumented cask inside the pit. Temperature
data is recorded once per minute with a data acquisition system permitting easy analysis and plotting of
the results, until the temperature remains significantly unchanged. The heat source is then turned off and
data is recorded once per minute, until the system temperature returns close to the initial
ambient condition.

Figure 8-2. Instrument Cask Inside Pit
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8.1.7.3 Acceptance Criteria

Thermal test results are provided in Figure 8-3 through Figure 8-6. Figure 8-3 and Figure 8-4 illustrate the
heat cycle test results. Figure 8-5 and Figure 8-6 illustrate the cooling cycle test results.

A verification analysis was performed. An axisymmetric (2D) model of the test article is analyzed with a

7,000W heat source, illustrated in Figure 8-7. Figure 8-8 illustrates its heat cycle boundary conditions, and
Figure 8-9 illustrates its cooling cycle boundary conditions.

The eight (8) thermocouples located on the test cask - TC 3, 4, 5, 6, 7, 10, 11, and 12 - are used for
comparing test results with analysis. (Refer to Figure 8-1.) Thermocouple temperature comparison results
are provided in Figure 8-10 through Figure 8-17.

Ranor NO # 63001-07N
Restart

('ask Thermal Test

-- T(3 -1T(4 -T(' -- T(6 - T(- -C() Q 1( 10 -- R Il f( 12

400

200,

'I ) H(, I 1 ! '( 0 11 '1M I -?2 ' I I2II, I 22 I 2I IOh I I 21 O 1s I '-4 1( 1~ 1 4 If

00 1, \0! SIl 'In!

Figure 8-3. Temperature versus Time - Heat Cycle for Thermocouples 3 through 12
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Figure 8-4. Temperature versus Time - Heat Cycle for Thermocouples 10 through 16
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Figure 8-5. Temperature versus Time - Cooling Cycle for Thermocouples 3 through 12
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Figure 8-6. Temperature versus Time - Cooling Cycle for Thermocouples 10 through 16
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Figure 8-7. Verification Analysis - Axisymmetric (20) Model of Test Cask
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Boundary Conditions during Test Heat Up

A constant heat load of 7,000W (23,891 BTU/hr)
is applied during the heat up phase. The applied
heat flux for each surface is:

Surface Heat flux (BTU/hr-in 2 ) 2.---- Thermocouple
1 9.0 Locations (8 pls)
2 4.5
3 37,8 13.1
4 1.3
5 11.0
6 7.5

The outer convective surface has properties I
that are assumed to be constant during the 13.5'
heat up portion of the test:

Surface Convective Property (BTU/hr-in 2-F)
1 0.0025 8.5'
2 0.0060
3 0.0100
4 0.0135
5 00130
6 0.0130
7 0.0345

Ambient temperature is 17 78°C (64°F).
Initial cask temperatures are set to 45.56'C (114'F).

Figure 8-8. Verification Analysis - Heat Cycle Boundary Conditions

Boundary Conditions during Test Cool Down

The heat load of 7,000W (23.891 BTUi/hr)
is removed during the cool down phase.

The outer convective surface has properties that
are assumed to be constant during the cool down
portion of the test:

Surface Convective Property (BTU/hr-in2-F)
1 0.0025
2 0.0060
3 0.0100
4 0.0100
5 0.0100
6 0.0100
7 0.0200

Ambient temperature is 17.78'C (64'F).

Figure 8-9. Verification Analysis - Cooling Cycle Boundary Conditions
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8.1.8 Impact (Free-Drop) Tests

The Impact (Free-Drop) test is performed to obtain data to demonstrate the adequacy of analytical
methods used for qualifying the transport packages, both at the size tested and scaled-down versions. The
Model AOS-1 65A transport package was selected for this test because it is the largest package, in terms
of size and weight. These analytical methods are used to show that the impact limiters are capable of
limiting impact loads on the payload to an acceptable level.

Appendix 8.3.2, "Impact (Free-Drop) Test Report," presents the Free-Drop Test report. Appendix 8.3.3,
"Dimensional Inspection Report - Model AOS-165A," presents the Dimensional Inspection report of the
impact limiter and cask components, taken throughout the Free-Drop test.

8.1.8.1 Test Setup Discussion

A 9-m (30-ft.) Drop Test is conducted on a full-scale model of the Model AOS-165 transport package. The
test article weighs approximately 18,144 kg (40,000 lbs.). Three (3) free drops, each with the package at a
different orientation, are conducted as part of the test:

• End (Head-On orientation) - Package axis is vertically oriented
• Side (Side orientation) - Package axis is horizontally oriented

" Cg/Corner - Package axis is oriented at a pre-determined angle with the impact plane

Figure 8-18 illustrates the three (3) free drop orientations and test setup. The test sequence listed above
can be changed during the performance of the tests. High-speed cameras from two (2) orthogonal
directions were used to document the orientation prior to each drop.

End Drop Side Drop Cg/Corner Drop

I// // I///// / / ////1 / //

Figure 8-18. End, Side, and Cg/Corner Free-Drop Orientations - All Models

8-28 AOS Radioactive Material Transport Packaging System Safety Analysis Report
for Model AOS-025, AOS-050, and AOS-100 Transport Packages, Rev. C



Acceleration time history data is recorded during the test, using accelerometers located inside the cask
and on the impact limiter. A total of 10 sensors are used. One triaxial accelerometer is mounted on the
impact limiter, at a location determined by CSA Engineering, Inc. (the company contracted to conduct
the test). Two triaxial accelerometers are mounted inside the payload cavity, one on each end of the
dummy mass. Each triaxial accelerometer senses in the radial, tangential, and axial directions. The tenth
sensor is a uniaxial accelerometer sensing in the vertical direction for the Cg/corner drop.

The impact force distribution on the cask surface is estimated using a pressure-sensing film applied prior
to each drop and removed immediately afterward. The film is used on the top and curved surfaces of the
cask, enclosed by the impact limiters.

In addition, a series of dimensional inspections of the cask and impact limiter are performed before and
after each drop, to establish the drop's resulting deformation pattern.

A portable 90-ton hydraulic crane is used to position the package at the proper height of 9m (30 ft.) or
greater, above the impact surface. To prevent crane boom backlash after the load is released, the crane
hook must be connected to two (2) dead weights by wire rope slings. This maintains the load on the
crane after the package is released. (Refer to Figure 8-19.)

A quick-release (air-actuated, pneumatic) mechanism is used to release the package and allow it to fall
freely. The mechanism is attached to the crane hook and package holding gear [3.7-m (12-ft.) wire rope
sling]. The only connections to the package during the drop are the light instrumentation cables. The
cables are arranged so that they do not interfere with the free-fall path of the package. Attached to the
slings is a 3-gallon air accumulator tank and fast-acting, electrically triggered diaphragm valve mounted
close to the quick-release mechanism.

Drop height is determined by means of a light, graduated chain or measuring tape, hanging from the
lowest point of the package to the ground. After the drop height is verified, the graduated chain or
measuring tape is removed prior to the drop.
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Figure 8-19. Test Setup (Head-On Orientation Shown) - Model AOS-165
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8.1.8.2 Test Procedure

Appendix 8.3.2, "Impact (Free-Drop) Test Report," presents a detailed description of the test procedure.

8.1.8.3 Acceptance Criteria

The primary pass-fail criterion for the test is based upon a leak rate test, performed upon the transport
package's cask component before and after the drop tests. Subsection 8.1.4 details the leak test
methodology. An acceptable leak rate is less than 2.96 * 1OE-7 standard cubic centimeters of helium per
second, at a differential pressure of 1 atmosphere.

Note: For the transport package to be judged acceptable, the measured leak rate must be less than this
amount, both before and after the drop tests.

The secondary criterion relates to external transport package dimensions. These must not have changed
by any amount that would prevent or endanger the transport package's performance of its primary
functions - containment and shielding. Appendix 8.3.3, "Dimensional Inspection Report - Model
AOS-165A," presents a Dimensional Inspection report.

A discussion of the analytical procedure, as it relates to the test results, is provided in Subsection 2.7.1,
"Free Drop."
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8.2 MAINTENANCE PROGRAM

The cask maintenance program is described in detail in an Engineering Specification provided to all AOS
Transport Packaging System users. This Spe6ification is developed to implement the requirements
established in this chapter. Packaging System operators can develop procedures of their own, to include
site-specific requirements, if they stay within the Engineering Specification requirements.

Routine inspections are performed prior to each shipment. These inspections include visual checks of the
packaging and any support structure(s) or device(s) required to properly assemble the transport package.
They also include pressurization of the cask cavity, which is part of the leak check. Additionally,
more-detailed inspections are performed once a year, or prior to being used after a storage period of more
than one (1) year, as detailed in Paragraph 8.2.1.2.

8.2.1 Structural and Pressure Tests

8.2.1.1 Routine Inspection

Prior to each shipment, the packaging - especially the bolt holes, vent ports, and sealing surfaces - is
inspected for physical damage. The lid bolts, port plugs, O-Rings, and lid gasket are visually inspected for
proper dimensions and identification. As part of the leak check, the cask cavity is pressurized to
1 atmosphere above the background pressure of the cavity.

Any support structure(s) or device(s) (liner, fuel divider, rack, and so forth) used with the packaging are
also visually inspected for signs of damage, wear, cracked welds, deformation, and other defects.

0
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8.2.1.2 Routine and Periodic Inspections

The following transport package inspections must be performed once a year, or prior to the transport
package being used after a storage period of more than one (1) year. Any maintenance work required is
identified on a maintenance checksheet. (Appendix 8.3.4, "Maintenance Checksheet Sample," provides a
sample copy of the checksheet.)

a. Impact limiter

The impact limiter is inspected for:

1. Signs of excessive temperature.

2. Punctures, holes, or other surface defects.

3. Crushed sides or ends, indicating a drop or severe impact.

4. Defects resulting from normal or abnormal wear.

5. Compression or damage to the foam material.

6. Cracks or other damage to welds.

7. Proper identification and damage to the turnbuckles.

b. Cask

The cask is inspected for:

1. Wear, corrosion, or damage to the drain, vent, and test port plugs, caps, and O-Rings.

2. Damage to sealing surfaces on the cask and lid.

3. Damage or cracks to load-bearing welds.

4. Proper identification or damage to the lid and trunnion bolts.

5. Signs of excessive temperature.
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8.2.2 Leak Tests

Prior to leak testing, the seal, sealing surfaces, lid bolts, and seal attachment screws must be inspected for
damage such as scratches, dents, dirt, and oil residue. Also, the female thread holes for the lid bolt and
seal attachment screws must be checked. After completing the inspection, and repairing or replacing any
damaged components, the seal is installed on the lid groove by the four seal attachment screws, as
illustrated in Figure 8-20.

Note: A callout for the hole used for testing is included in Figure 8-20, to differentiate it from the screws
in the photograph.

Lid Seal Attachment Screws
(4 pl, evenly spaced around seal)

\ Hole Used for Testing

Figure 8-20. Lid Seal - Attachment by way of Four Screws, and Testing Hole
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Note: Repairs and/or replacements require prior AOS notification and approval.

a. Routine Leak Testing

Leak testing of the cask closure seal and vent and drain threaded pipe plugs is performed with
a helium detection instrument when transporting "normal" form materials. Pressurize the cask
cavity to 15 psig with helium, "sniff" the seal joints with the instrument to determine the
presence of helium, then perform the test. The instrument must be calibrated to a sensitivity

of 1 * 10-5 atm cm3/sec (helium) or greater. If leakage greater than 1 * 10-3 atm cm3/sec
is detected, repair or replace the suspect component(s), then retest for leakage.

b. Periodic Leak Testing

Once a year, or prior to the transport package being used after a storage period of more
than one (1) year, the cask closure seal and vent and drain threaded pipe plugs must be
leak-checked with a helium Mass Spectrometer Leak Detector (MSLD). This instrument

has a sensitivity of < 1 * 109 atm cm3 /sec (helium). Perform this test by pressurizing the
cask cavity to 15 psig, then use the MSLD to test the seal joints for leaks. If leakage greater

than 1 * 107 atm cm3/sec is detected, repair or replace the suspect component(s), then
retest for leakage.
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8.2.3 Component and Material Tests

8.2.3.1 Subsystems Maintenance

There are no auxiliary cooling systems nor other subsystems that require maintenance.

8.2.3.2 Valves, Rupture Disks, and Gaskets on Containment Boundary

The design of the AOS Transportation Packaging System does not include any valves nor rupture disks,
only the seals on the containment boundary or cask. The metallic closure seal is replaced at every usage.
The elastomeric O-Rings on the three (3) port caps must be replaced when visual or leak test inspections
identify them as defective, or during the periodic inspection, whichever comes first.

8.2.4 Shielding Tests

The shielding material is tungsten alloy or carbon steel. The initial tests for shielding material integrity
during fabrication, and the required radiological surveys following each loading, ensure continued integrity.

If the survey results exceed regulatory requirements, the contents are reduced and/or a shielding liner
is installed.

8.2.5 Thermal Tests

Thermal testing is performed only to benchmark the analytical model, using the first prototype. It is
performed in this manner because the cask is constructed of tungsten alloy and 300 series stainless steel,
and no thermal degradation can occur during Normal conditions of transport.

8.2.6 Miscellaneous Tests

No additional tests are performed on the AOS Transport Packaging System models other than those
described herein.
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