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

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
(referto 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.

haxial ~_shield = H alfHeig h taxial _shield — H alfHelg htmner cask _body

scaled proportionally to the Model AOS-100:

* Model AOS-025 is 25% 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 AQS}”1,00
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Table 5-1. Cask Component Dimensions, Outside Radius and Half-Height — All Models
Outside Radius Half-Height?
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 315 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 3.28 25.40 10.00
Inside cask body 10.36 4.08 29.64 11.67
AOS-100 Radial shield 20.12 7.92 271.59 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
AOS-165 Radial shield 33.20 13.07 45,53 17.93
Axial shield 20.80 8.19 67.26 26.48
Outside cask body 58.67 23.10 75.44 29.70
a. Axial distance from cask centerline.
t ¥ Y
Outside Cask Body —
Axial Shield = L)
Y
Inside Cask Body
Radial Shield
Cavity
CASK CENTERLINE --Y---_%¥__¥.9 ¥ _
Figure 5-2. Cask Component Half-Height — All Models ‘

5-4 AOS Radioactive Material Transport Packaging System Safety Analysis Report
| for Model AOS-025, AOS-050, AOS-100, and AOS-165 Transport Packages, Rev. B




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

Height
Model Component cm in.
Cavity
AQOS-025A
Axial shield
Cavity
AOS-050A
Axial shield
AOS-100A “Cavity
AOS-100B
AOS-100A-S Axial shield
Cavity
AOS-165A
Axial shield
Cavity
AOS-165B
Axial shield

AOS Radioactive Material Transport Packaging System Safety Analysis Report
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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

Model

Isotope AOS-025 AOS-050 AOS-100 AOS-165

Co-60 v v v /c/

Cs-137 v v v v\

Ht-181 v v e A )

Ir-192 v v v N WS
Z1/Nb-95 v v /N \ ./(
_ Ba-135 v v ’ \ ; \ \ SN

o1s z z NN NS

Fe-59 v v N N

Ho-166 v v Mo N 1) )

Na-24 v v N T/

P-32 v v | |7

P-33 v N T~

Sb-124 v v N | 4

Sc-46 v PN —~

Se-75 v SN

Sm-153 v N v N /

Sr-89 v ST

Y-90 v N\ v/

Yb-169 S~V v

Yb-175 I v

AOS Radioactive Material Transport Packaging System Safety Analysis Report
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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

_ Model y e
Component Material Suffix AOS-025 | AOS-050 | AOS-100 | A@SIi65 (glcm3)

Cavity Air v v LY 1.29E-03
) Tungsten Alloy A v v - \J47.8
Shields? <
Carbon Steel B 7 8‘2/\12
Cask Stainless Steel v v 7.8
a. Shielding material is either tungsten alloy or carbon steel.
AOS Radioactive Material Transport Packaging System Safety Analyéis Report 5-7
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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

_ Package Surface 1m from Pa@e
Activation Product (mRem/hr) (mRem/h)
Radiation Axial Radial ial” K
Gamma 180 180
Neutron 0 0
Total 180 180
10 CFR 71.47(a) Limit 200 200 /N o N \10a

a. Transport index cannot exceed 10.

Table 5-6. Activation Product Maximum Radiation Level Summary
for Hypothetical Accident Conditions of Transpo/rt/ All{nfd' ’

A 4 S i

, We Surface
Activation Product - (mRem/hr)

" Radiation A\ Ak N Radial
Gamma / ﬂ / 1931\ - © 2287
Neutron < : B 0
Total N (\1931 22.87

10 CFR 71.51(a)(2) kimit AN N\ 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 iayers, 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, detanmg the
gamma particle energies and their relative probabilities of emission per disintegration (decay). F\or/sources

that emit gamma particles of multiple energies, the emission probabllltles are normalized.
Some isotopes have multiple decay modes: ' \) S
* Beta decay

* Internal conversion
¢ Electron capture

The relative emission probability for the i-th gamma part:cle emitted from’ the jth mode of decay was
\/
determined using Equation 2.

where:

Relati\\//efprobabiliity’for the i-th gamma particle emitted from the jth mode
of decay

Brapching ratio of the j-th decay mode

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

/\,i\\ St e
Particles_with™a relative probability of emission less than 0.001 are not included in the shielding

model. E’a\QCIQ with\low relative probabilities are eliminated and the emission probabilities of the
remaining particles are normalized, so that these probabilities sum to unity.

Becauscharged 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-135 source is naturally stable, and therefore and does
not have a limit. '

AOS Radioactive Material Transport Packaging System Safety Analysis Report 5-9
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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 patrticles. 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 dlsmtegratlons /T®m of all

relative intensities, divided by 100 and multiplied by the absolute intensity, yields the number of. emltted
gamma patrticles.

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

AModeI
Isotope Photons/Decay nos-025 | “Aos-gsREe A0s-1300 B AOS-165
C0-60 2 v N\ \./ )] v
Cs-137 0.85 v / v N v )Y v
Hf-181 1.46 . R v v
Ir-192 2.16 vl v v v
Zt/Nb-95 1.41 O N e /v v
Ba-135 Stable Isotope v \ :s/ 7
: S
C-14 to aBSet:lbll:()eeI(;?))t/op/e/ o~ v \ 5
Fe-59- 106/ () vi—~_ W
Ho-166 008 \_ |7 w_ Rz
Na-24 2 N v v
v | asmeome [N 2| ”
P-33 ~ to a?Setﬁall?aelc;?t/ope > v v
sb-124” N \1et v v
ses | N \2 \ v v
N NN v v
7 sms3 N \ N\ 0.36 v v
R Seey |\ Nol56E-05 v v
N Y90\  14E6 v v

Yb:169 N\ | 15 v v
Yb-175_ /" 0.118 v v
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| Table 5-8. Activation Product Gamma Spectra Used in Shielding Models — All Models

Isotope

Energy
(KeV)

Relative
Probability®

Model

A0OS-025

AOS-100

AOS-165

Co-60

1,173

0.5

1,332

0.5

v

AOS-050

v

4

v

<

Cs-137

661

v

v

v

133.0

1363

136.9

Hf-181

345.9

476.0

482.2

615.2

296.0

308.5

316.5

Ir-192

416.5

468.1

588.6

604.4

612,5

724.2

Zr/Nb-95

756.7

765.8 ~_

Ba-135

/Stable Isotope.

C-14

Beta\\De‘caV\*t S

1425

N 192\ -

0.83

0.12

0.02

0.500250125

0.499749875

Beta Decay to stable atom

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

. Energy Relative Model
Isotope (KeV) Probability? | AO0S-025 AOS-050 AOS-100 AOS-165
602 0.52
645 0.04
713 0.01 .
722 0.057
Sb-124 v v
968 0.01 _
1,365 0.01 < O
1,691 0.25 .
2,090 0.03 /\ |
Sot 889.2 0.5 . ) \/
C.
1,120 0.5 /\
96.7 0.02 N \)
121.1 0.1
136 0.33
Se-75 v v
264 0.33 _
279 0.14 Ve
400 0.05 4
169.6 013 '
73 001"
/ .
83 0005 > |
Sm-153 89 Ng,005 v C v
97 0.02_ ,
1037 |~ 081 \
A =~ N
533 = 0.003__
Beta Decay, with very >
Sr-89 small (9,56E- -05)probability,”” v v
/\ of a gamma em|SS|on
: Beta Decay, w:th very
Y-90 maII\(1 4E\6) p/robablhty v v
N \ ofa gar\nm\a/emlsswn

N

NS

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



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

. Energy _ Relative . Model
Isotope (KeV) Probability? | AO0S-025 AOS-050 A0S-100 AOS-165
63 0.3 :
93 0.02
109 : 0.1
118 0.01
v v
Yb-169 130 0.07
177 0.15
197 023
261 0.01
307 0.07
113 0.16
144 0.03
Yb-175 i
282 0.25
396 0.54

a. Adapted from KAERI[5.2].

Nb-95 is a daughter of Zr-95. Due to
isotopes, it is assumed that the Zr/N
activity ratio of the parent and daugh

- Activity’of zr (parent)
N{b decay constant

Zr decay constant

. Therefore; \trsgammas emitted due to the decay of Nb-95 are approximately 2.4 times as frequent as the
gammas emltted 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
L . . Ve A
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 us/e of ?a\point source‘may be
large, but it will always be in the conservative direction. These conservative gpproaches provide assurance
that the dose rate obtained from the point source models is over-predicted. Bécause\the dose\ rate
obtained from point source models meets regulatory requirements, the transport packages meet regulatory
. . . . . . . : AN N LN S .
requirements in their as-shipped configuration. Also, by placing the pointsources directly against'the cavity
wall, the most likely source displacements are modeled. This sourée geometry and location represents the

appropriately conservative approach. \\J/

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

NN
& |

5.2.3 Neutron Source
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| 53  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 5.4.4.4" This \code is
described in more detail, in Subsection 5.4.1. The impact limiter, personnel barrier,,and any. interﬁal or
external components were modeled as air, for conservatism. A sketch of the cask compone\nts /mod/eled is
provided in Figure 5-1. Tests applied to the packaging and their contents, under Nérmal and’HypotheﬂcaI
Accident conditions of transport, demonstrated that the cask components/dm\deled malntaln\ed 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/t\I%3~Qpplication of variance reduction
techniques, to obtain precise solutions in a timely. manner. Correct\implementation of variance
reduction techniques yields the same solution with a similaf 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 o\bjectlve; Usually.,\ln\ shielding calculations, the
objective is to transport more particles to the detecQon point, to reduce the s/ta’tistical variance of the result.
To accomplish this objective, the natural behavior of~tr\1e particles is altered, to “guide” the particles toward
the detection point. To preserve the physicsﬁt\he\problem, the particle weights are adjusted according to
the probability of each particle’s mode’ of interaction ahd the dutcome of such interaction among all
possible interactions and/or outcomes.

/

5.3.1.1 Importance Splitting

One of the variance }ad/u\ction techniques used\jn the shielding model is importance splitting. This

technique divides the” cask into “regions, and assigns particle importance values to these regions.
\ /

The structure of |mport\ance regions can~be determlned by examining the average Mean Free Path of

source S (for example, the averaEe distance’that an average source particle travels before an interaction

occurs) in matetial M, as stated’ln Equatlen 4.

1
MFP = ——
Py Hus
(4)
Mean Free Path
Py = Mass density of material M [g/cm?)]

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

of the average particle in source S for material M [cm?/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)? Model
Tungsten Carbon Stainless :
Isotope Alloy Steel ~ Steel A0S-025 AOS-050 AOS-100 ‘lﬂ)gws
Co-60 1.0086 2.4033 2.3964 v v v v
Cs-137 0.6087 1.7636 1.7683 v v v ) v/
Hf-181 0.2508 1.3127 1.3176 v L N [~
Ir-192 0.2823 1.3544 1.3610 v v 71N\ ./\ \./
Zr/Nb-95 0.6962 1.8803 1.8854 v '\ \ - >

a. Based upon attenuation coefficients obtained from Reference [5. 3]

Table 5-10. Mean Free Path of an Average Gamma Partlcle from Each.Source —>)

Models AOS-025 and AOS-050

Mean F;re: :e’P;ath in Cask Material (cm)?

Isotope ‘Tun@_ Stainless Steel
BA-135 N =

C-14 /\ _\ K - )
Co-60 S 08 N > 1.9
Cs-137 Vo ) das NS 1.4
Fe-59 N Y o8 15
Ho-166 \ \ 0.86~" 1.6
Na24 \ . 095 1.8
e [ N - -
P VNS - -
/85124 N /\/ 0.80 17
-/ Scas\ » 0.70 1.4
\ Be7s \ \ ) 0.25 1.0
/\ \Sm B3 NV 0.38 1.1
4 N \Sr—89\\/ _ =
NN ZIAN - -
N O\ Ybeee” 0.15 1.0
N Yp175 0.24 1.0

a. Based up%f( attenuation coefficients obtained from Reference [5.3].

5-16

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



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.

RADIAL

Figure 5-3. Axial and Radial Shielding Case Importance Regions
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5.3.1.2 Source Biasing

| Source 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 45°). In most radial cases, particles are four times (4x) more likely to be emitted-in-the radial
direction (within a cone angle of 90°).

5.3.1.3 Dose Rate Points | Q

All dose rate points were modeled as point detectors located on the cask’s posmve Y- aX|s for radlal cases,
and the cask’s positive Z-axis for axial cases. Simulations were run mdependently, to, determlne aX|§I and
radial dose rates. These dose rate points were selected to allow for the mml@um amount.of shielding
material and distance to exist between the source point and pomt detéctor. The use of point geomietries at
these locations provides for conservative estimates of dose rate\s from t\he radioe}wtive sources being
transported. Due to this appropriate conservatism, no reductionjin nominal shield thickness was made for
. i : . : ya N NS
voids, streaming paths, nor irregular geometries. This choice is furthex justified by noting-that an actual
. . . L i ale [ N\ . 7 .
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 shlgld depletions. Practically>-any maximum dose rate from
streaming or. localized source concentrations will*be detected during the mandatory radiation surveys on
. . AN T . .
loaded containers, before shipment. The dose rates must comply withthe“appropriate transport limits.

demonstrates that dose points at the personnel barrier a\nd 1m.from the cask surface are used for all
analyses, and that dose points 1m from th personnel‘barrlerére also used in Co-60 dose calculations

only. | \ (\/

Table 5-11. Dose Rate Measurement Loc tions from Center of Cask — All Models

Table 5-11 lists the distance from the center point of the cask to thegse dose rate location points. Figure 5-4 ’

Case v Axial Case
y Shipping '
m from Surface to im from
Personnel | Personnel 1m from Personnel | Reference
Barrier Barrier Cask Barrier Assembly
Surface Surface Surface Surface Drawing
(cm) (cm) (cm) -~ (cm) Number
/A R 118.4 24.0 111.43 124.0 166D8142
. AOS oso T ahe N\ 11778 141.4 41.0 122.86 141.0 105E9718
Ags-wq\\ \ -84.Q> 135.57 184.0 90.0 145.52 190.0 105E9711 -
AOS+165 [\ 1180 158.67 218.0 151.2 175.50 251.2 105E9707
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190.0 ¢m (used for Co-60 only)

90.0 em

IILLLVLITID

IR

Adl? w
< D Legend
84.0 e

-+ Center of Cask

i Radial Dose Points

¥ Axial Dose Points

N

184’0 cm (used for Co-60 only)

A,

Figure 5-4. Sample Dose Rate Calculation Points — Model AOS-100
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5.3.2

Material Properties

Table 5-12. Cask Component Material Specifications

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 tabuiates the material compositions.

Model Type Material Composition
Weight
| Component Material A B Element Fraction
Nitrogen 0.7454 \_
Cavity Air Oxygen 6.2284\ 1.29E<0
Argon . 0\.0261 \
| Tungsten Alloy v . Tungsten / \ 1.0060\'7 \ 178b
Shield? Carbop \_ | N0.0100
Carbon Steel v v N — - 7.8212
Iroh \ -0.9900
(Iron \0.7200 /
Gask Stainless Steol . Manganese__ 0.0200 2
as tainless Stee ' — , .
/| “Gtiromium | 01800
N Nickel[™~|_0.0800

| a. The shielding material is either tungsten a//oy@rbon éteé/, de/je%ding upon the model type.
| . b- The density used for tungsten alloy is conservatively assumed to be lower than standard.
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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-V photon library. MCNP is used because of its erX|b|hty in modelmg

| 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 averéﬁe 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 sampied from a probabﬁ\density function, \with the help of
a pseudo-random number generator. This is similar to throwing dice to detérmine whilch 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 viekved 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,i$ the system description, which includes the cask’s geometry and

material description, source bna&ng/sour&-z\deflr/nnon details /lmportance splitting values, conversion
factors, and point detector details¢/The pomt detectors are-used to obtain the particle flux at the dose rate
points. The point detector units are'in partlcles per square centimeter. In this analysis, gamma rays are the
particles of interest. The dose rate is determln\ed by using flux-to-dose-rate conversion factors, which
convert the final MCNP tdily~to_Rems per hour (Re\m/hr). This can then be used to calculate the Ilmltqng
Curie content that maintains all dose.rate vaiues below the regulated values, at all surfaces.

Other input parameters arhelated to imp/lementation of variance reduction techniques. The model
importance structure must be provided, which includes dividing each cask component into subsections and
assigning importance valugs to each subsection. These importance values are dependent upon system
geometry{and matenals as well a/s source characteristics, and most importantly the location of the dose
rate pomts F|gure 5-3illustrates tﬁe difference in importance structure between the axial and radial cases
for the~same\transport packag}e/rﬁodel Due to symmetry and separation of the models into two (2) cases —
axial and radlal —\the\physncal 3D system is converted into two quasi-one-dimensional models, which
makesthe importance struCture simpler to construct.

<

To implement “source” biasing in MCNP, the desired emission probabilities must be supplied for each
emission conesThe three inputs to be supplied are:

AN

* 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@lnstead,

MCNP internally normalizes these values. In the models that implement source t}lasmg, the desired
emission angles (that is, toward the axial or radial detection surfaces) are four tlmeS/(4x more Ilkely to be
chosen. Figure 5-5 provides an example (from the Model AOS-165) of how to deflne the source m/Monte
Carlo N-Particle.

sdef pos=0 0 O erg=d4 vecO 0 1 dir=4d5
¢ SOURCE SPECTRUM

si4 L 0.133021 0.13626 0.13686 0. 34593 S gamma energles

. 0.47599 0.48218 0.61517

sp4d 0.295469648 0.039926847 0.005876441 103139777 relatlve probabllltles
0

) . 0.004794517 0.54920009 .00159268
¢ SQOURCE BIASING
si5 -1 -0.707 0 0.707 1 $ cosine bins

sp5 0 0.1465 0.3535 0.3535 0. 1465 $\actua1 probabilities
sb5 0 1 4 4 . 1 $/b1ased probabilities

Figure 5-5. Hf-181 Pomt Source@wn with Source Biasing into Radial Direction

<)

®V'
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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-100A
and AOS-100B, and sources analyzed, are provided in Appendix 5.5.

5.4.3 Fqu-to-Dbse-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 implerﬁéhtéd 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 cutput of\photon/c/m 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 Mohte C\E'rlo methodology.
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PAY

5.4.4 External Radiation Levels

5.4.41 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
* 1m Normal conditions of transport limit became a 9 mRem/hr limit
» 1m Hypothetical Accident conditions of transport limit became a 900 mRem/hr limit

This conservative methodology provides additional margin, to ensure that thie 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
boundlng gamma emission, and a conclusion was made as t6|the squrce stre\n_gt/h/of that isotope in the
specific transport package model. For example, isotope Yb<169iis bounded; energy-wise, by Yb-175. This
means that all the gamma radiation emitted by Yb-169 is|of lower energy; a@smas less penetrating
power. Because this is the case, the same MCNP da\ta ils used-to_calculate a limiting dose rate for the
bounded Yb-169 source. The only difference between the two isotopes i5the,photon/decay values (listed
in Table 5-7), which can be applied to correctly determine the dose@ted source strength.

This method of bounding a non- smulatedﬁsotop\e was done \for Model AOS:-025 isotopes Se-75 and
Yb-169, and Model AOS-050 |sotopes Fe-59, Ho- 166\§b 124 Sc-46, Se-75, Sm-153, and Yb-169.
Table 5-13 lists the elements used t04|m|t (bound) these |sotop\e/s

(/

Table 5-13. Bounding Sources - Models AOS-025 and A9S <050

Model
Isotope ‘ Bounding Isotope AOS-025 AOS-050
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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 [Tallyoy,} for each isotope and dose rate location is
converted to units of mRem/hr-Ci using Equation 5.

Dose[mREM]  Tally, [REM] s 1000[mREM | X [photons]*3.7E1 0[Bq]
[hour — Ci] [hour — photon] [REM] [Bq] [Ci]

Additional conservatism is applied by applying a 2c adder to this term, as is done ianquati@

Dose,,, [mREM ] Dose [mREM ] Dose [mREM ]

[hour — Ci] [hour — Ci] [hour — Ci]
<\ (6)

The maximum source strength that will meet the regulatory dose rate limit at the“location belng analyzed is

then calculated using Equation 7. /{ (\

Source,,, [Ci]= 0. 9*Doseumr[mREM/hou/
Daose,y, [mREM | hour=Ci]

A

The maximum curie content of each isotop \/at each dosé 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 doseMmlts The dose rates based upon these source
values for locations of intérest-are reported in Table 5-14 through Table 5-19.

N
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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.

p
The following dose rate limits are met for ail 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 1m from the
: . . . Ny .
personnel barrier (farthest from source). It is also conservative with respect to the Hypothetical
Accident conditions of transport 1,000 mRem/hr limit, at 1m from the’Cask surface.

For Cobalt, additional dose rate points were also considered to meet\the 10\CFR\7\1 .47(a) and
10 CFR 71.51(a)(2) (Normal and Hypothetical Accident conditions of trapsport, respectively) limits: 7
* 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,

* Alimit of 1,000 mRem/hr (10 mSv/h) at 1m from.the cask surface, to comply with Hypothetical
Accident conditions of transport limits.

* A limit of 10 mRem/hr at 1m from the personnel barrier~to.comply with Normal condltlons
of transport limits.

Note: For the activity limits of all /sotopes (referenced. in this report), refér to Table 7-5, “Activity Limits —
All Models.” :

Shipment Transportation Index (TI)/can b@culated by\usmg,the highest dose (either radial or axial) at .

1m from the cask, for each lsotope and package combinatjen, to define a conservative transport index.
The packages containing cobalt should deﬂne{he\trar@/ort index based upon the maximum dose rate at
1m from the personnel barrier. These nu\mbers are defined in Table 5-14 through Table 5-19. The dose
rates reported result in‘a single\r@ckage\always having a Tl less than 10, allowing for non-exclusive
shipment of a single ¢ask. lf multiple~casks wﬂl/be shipped together, their respective Tl values must be
summed, to determine whether-their shipmént must be exclusive or non-exclusive.
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| Table 5-14. Maximum Radiation Levels - Model AOS-025A

Source Radial Axial
Strength Photon/ Dose Rate Dose Rate Limit
Isotope (Ci) Bq Location (mRem/hr) [ (mRem/hr) | (mRem/hr) Comments
| Ba-135 No Limit - - - - - Stable Isotope
L Beta Decay to
| C-14 No Limit B - - - B Stable Isotope
Barrier Surface 180.00 125.95
Co-60 2.36E-01 > 1m from Cask 4.42 4.20
1m from Barrier 3.73 3.36 axially and \1\397 cm
v S —
Barrier Surface 180.00 10979 20Q \t:“"'(gsmn af"g!q g“ef
: 4 ickness o cm
Cs-137 | 3.45E+01 0.85 <N axially and 1 597 om
1m from Cask 412 3.80 . . \\ 10 : d.ﬁ 0 ot
. )g NG adially insi vity
‘ Barrier Surface 180.0(0/ 124.2:& /200 /;U';QS‘e“ af”?; g“e’
S ickness of cm
Fe-59 5.85E-01 1.04 1 : /
Ry S axially and 1.397 cm
m fromvCask A 4'39\’ ’ [\4.16 10 radially inside cavity
Barrier Surface ;i t:;yr:(gsten afll;)y1 gner
ickness of 2.15 cm
Ho-166 2.74E+01 0.08 o rom Cack axially and 1.397 cm
— radially inside cavity
Barri;r/S{Jr{fécé: t'rl;_ur;gsten afllzogq gner
NN, ickness of 2.15 cm
Ir-192 [ 1.48E+02 2.16 1m from Cosi axially and 1.397 cm
i o N radially inside cavity
N “1 I T :
Bargier Surtace —|___ 180.00 128.13 200 ungsten alloy liner
Na-24 | 6.97E-02 Nlaa G . thickness of 2.15 cm
a- : ] f\ Cask \ 50 430 10 axially and 1.397 cm
/$ U G N : radially inside cavity
P32 No Limit <Beta S \_ \/ _ _ _ Beta Decay to
| ) ° Decay V N TN Stable Isotope
-\ N
. Beta \/ ‘ _ Beta Decay to
I P-33 No/l"'mIt Decay X M - Stable Isotope
~ , i
( \\ ( arrier Surface 180.00 129.05 200 t;l;yr:(gsten a;llg;;gner
. ickness of 2.15 cm
Sb-124 | 31380 axially and 1.397 cm
o \ . \ 1m from Cask 4.51 4.32 10 radially inside cavity
¢ = x #N \ 2 Barrier Surface 180.00 120.12 200 t;_‘"l‘(QS‘e“ af";\g g”e'
N ickness of 2.15 cm
SC"“N 5.55E-01 im from Cask 437 402 10 * axially and 1.397 cm
v \ ] m irom L.as : ) radially inside cavity
\ \\ \ Gamma Energy
Se-75 1.47E+04 3 - - - - Spectrum Bounded
\ - by Yb-175
Barrier Surface 180.00 103.59 200 ;yr:(gsten af"g); g"e’
: ess of 2.15 cm
Sm-153 | 1.36E+05 0.36 foxn
imt Cask 4.06 363 10 axially and 1.397 cm
m from L.as ’ ’ radially inside cavity
Beta Decay with
Sr-89 No Limit géfr)%Ee-tz - - - - Very Low Gamma
P 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

Beta Decay with

Y-90 No Limit L‘:‘Sja - - - - Very Low Gamma
P Emission Probability
G@mg\ Energy
Yb-169 2.94E+04 15 - — - - Spéct B L\mded

Barrier Surface

Yb-175 3.74E+05 0.118
1m from Cask
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I Table 5-15. Maximum Radiation Levels — Model AOS-050A

Source Radial Axial
Strength Photon/ Dose Rate | Dose Rate Limit
.| Isotope (Ci) Bq Location (mRem/hr) | (mRem/hr) | (mRem/hr) Comments
| Ba-135 No Limit Stable - - - - Stable Isotope
- Beta Beta Decay to
| C-14 No Limit Decay B - B Stable Isotope
Barrier Surface 4419 180.00 200 1m66‘§e’- Rate from
Co-60 2.84E+00 2 1m from Cask \
te from Personnel
1m from Barrier Barrler ConS|dered
Barrier Surface NV
Cs-137 3.46E+02 0.85
1m from Cask
Gamma Energy
Fe-59 5.46E+00 1.04 - Spectrum Bounded
\ by Co 60
Barrier Surface .
Hf-181 1.69E+03 1.46
1m from Cask .
Gamma Energy
Ho-166 1.'05E+01 0.08 - Spectrum Bounded
by Na-24
Barrier Surface AD
Ir-192 9.81E+02 ° 2.16 ~——
1m from Cask <
Na-24 419E-01 » Barrier Surface
a- 19E-
im from'Cask \
o Beta ) Beta Decay to
I p-32 No Limit Decay / ﬂ - Stable Isotope
p.33 No Limit Beta o \_\/ : Beta Decay to
] Decay I Stable Isotope
Gamma Energy
Sb-124 4.38E-01 - - Spectrum Bounded
Sen IS by Na-24
| Gamma Energy
Sc-46 2.84E+00 . . - - Spectrum Bounded
> L by Co-60
/ \ N AN Gamma Energy
Se-75 2.84E+03 3 - - - - Spectrum Bounded
4 I . by Yb-175
. AN | / Gamma Energy
Sm-1'53\ 2:36E+04\| 1 0.36 - - - - Spectrum Bounded
AN D by Yb-175
4 \ “ o 9\56E/ 5 Beta Decay with Very
Sr-89 \|™NorLimit- | or Beta - - - - Low Gamma
\\ - /p Emission Probability
\, > 1.4E-6 - Beta Decay with Very
"Y-90 No Limit e'r Beta - - - - Low Gamma
\ P 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)

Source Radial Axial
Strength Photon/ Dose Rate | Dose Rate Limit
Isotope (Ci) Bq Location (mRem/hr) | (mRem/hr) | (mRem/hr) Comments
: . " Barrier Surface 0.10 89.76 200
Yb-175 7.21E+04 0.118
- 1m from Cask 0.02 | 9.00 10
Barrier Surface 18.17 117.42 - 200
Zr/Nb-95 | 5.66E+01 1.4
“1m from Cask 1.68 . 9.00 10
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Table 5-16. Maximum Radiation Levels — Models AOS-100A and AOS-100A-S

‘ ’ Source o Radial | - Axial

Strength Photon/ 4 Dose Rate Dose Rate .| - Lirhit Shipping

"Isotope (Ci) Bq . Location (mRem/hr) | (mRem/hr) | (mRem/hr) Configuration
) - . 1m Dose Rate from
Barrier Surface 56.09 13.06 200 Cask and 1m Dose
. Rate from Personnel
Co-60 | 2.00E+4 2 1m from Cask 17.88 3.82 1,000 Baffler-COHSIdered

1m from Barrier . 9.00 . 2.03
Barrier Surtace 0.05 25.51

Cs-137 3.33E+06 0.85
1m from Cask 0.02 9.00
Barrier Surface 0.01 25.41

Hf-181 3.90E+07 1.46
1m from Cask 0.01 9.0Q

Barrier Surface - 0.44
im from Cask . 0.14

tr-192 1.14E+07 2.16

Barrier Surface

Zr/Nb-95 | 3.49E+05 1.4

1m trom Cask
: ' Table 5-17. Maximum Radiation Levels B
Source ‘ ' 'Axial : ' '
Strength Photon/ "|” Dose Rate Limit Shipping
Isotope (Ci) Bq (mRem/hr) (mRem/hr)- . Configuration

1m Dose Rate
32.72 200 from Cask and 1m
Dose Rate from

BarriéiSuirface
o\

\ Nop Personnel Barrier
Co60 | 1.62E+02 "1’""9'@"\/ 17.72 8.70 1,000 Considered

o Axial tungsten alloy
. ffom. Barrier 9.00 4.51 10 liner 3.56 cm thick
: ' : (top and bottom)

‘¥ \Barier Surface 0.78 36.13 200
\|" /" 1m from Cask 0.24 9.00 10
/ e " Barrier Surface 0.48 36.49 200
©Hif:
NI 1m from Cask T 015 9.00 10
o 1 Barrier Surface 0.64 36.25 200
-192.  |[N.56E4+03. 2.16
. - 1m from Cask 0.20 9.00 10
N \ Barrier Surface 1.07 35.70 200
Zr/Nb-95 |\1.01E402 1.4 -
1m 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 Dose Rate Limit Shipping
Isotope (Ci) Photon/Bq Location (mRem/hr) (mRem/hr) {(mRem/hr) . Configuration
Barrier Surface 1.93 34.77 200 . 1m Dose Rate from
Co-60 | 4.02E+07 1m from Cask 2 0.88 22.87 1,000 Cask and 1m Dose
Rate from Personnel
1m from Barrier 0.41 9.00 10 Ban'/l'ier.Ct)\r1$idered
Barrier Surface 2.25E-03 12.34 200 '
Cs-137 4.75E+11 - 0.85 o
: 1m from Cask 2.18E-03 9.00 10 /1 . ™\
Barrier Surface 0.01 12.22 200 |- \/
Hf-181 1.58E+13 1.46
1m from Cask 0.01 9.00 Ao N\
< —
. Barrier Surface 0.05 12.39 . 200 i ) .
Ir-192 9.21E+11 2.16 / \
_ 1m from Cask 0.02 9.00 N0\ ,
Barrier Surface 9.34E-03 | . 1230 200 | N
Zr/Nb-95 1.91E+10 1.4 < ~
1m from Cask 4.87E-03 @OO \ 10 \

Table 5-19. Maximum Radiation Levels — Model

Source
Strength ) Shipping
Isotope (Ci) Gamma/Bq Lo’c'ation. (mRem/hr) Configuration
N | 1m Dose Rate
Barrier,Surface/ : ; 200 from Cask and 1m
— - - Dose Rate from
) o / ) Personnel Barrier
Co-60 3.70E+05 1m from Cask : - 19.31 19.90 1,000 Considered
\
S N < ' Tungsten alloy liners:
Am from.Barrier 9.00 7.49 10 5.41 cm axial,
/ ) \ \ y ) 0.67 cm radial
\ Bar@rsutace [~ 0.04 14.50 200
Cs-137 8.09E+05 — ,‘\ — : 0:85
\imfomCask - | 0.02 9.00 10
- g NI Y P AN .
W v =
~ Barrier Surtace” [~ 0.02 14.56 200
Hi-181 | A1.02E+07 T~ 1.46
. N\ - 1mfrom Cask 0.01 9.00 10
~ N N »
\2 961§\06 -\ Barriey Surface o6 0.05 14.48 200
+ N A -
~ A\ N TingromCask 0.02 9.00 10
B \\ \| "\ Bariér Surtace 0.07 14.44 200
5.| 8.3BE+04 — 1.4 '
<~ . |\ Tmfrom Cask 0.03 9.00 10
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5.5 APPENDIX

‘ This appendix presents the following information:

* AOQOS 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 Isotop“{
Numerous Isotopes” report.
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GE Hitachi Nuclear Energy | 0000-0100-5259-R3 |

Title: AOS Cask Isotopic Heat Load for Numerous Isotopes Originator: E. Kirstein I NACOE
DRF Number: 0000-0094-2960
Verified [ Final | GEH External Date: 5/27/09 |  Sheet1of4

0.0  Revision History

Revision O 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 addltlonal\lsotopes C- }4
Na-24, Sc-46, Se-75, Sm-153, Yb-169, and Yb-175. Section 3.0 W&S/Sll ly\ odified to
consider frequencies above 1% (Revision 0 only considered frequen01es above 10‘7 and a
sentence was added in this section to state that the gamma heat loads are conservatlve

Revision 2 of this report incorporated an editorial change. Thé “GEH Proprietary Information”
designation in the header was deleted in order to be able td include thissteport/as an' appendix
to a cask safety analysis report (SAR).

Revision 3 of this report determined the heat load for the foll&mng additienal isotopes: Fe-59
Co-60, Sr/Y-90, Zr/Nb-95, Sb-124, Cs-137 /Hf-1\81 and Ir-192=In_addition, the heat load
values were determined using MicroShield instead of the_formula uséd in Revision 2

1.0 Purpose

The purpose of this evaluation j is'to de@ne the heat. load (in units of W/Ci) for C-14, Na-24,
~ P-32, P-33, Sc-46, Fe-59, Co- 60% -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= 162

2.0  Analysis/Results

The following.table below prgv’ide/szth\e/ heat load values generated from MicroShield Version 7.02.
It should be/ noted \that M{croSt}ield utilizes two different libraries to calculate the heat load: the
Grove and ICI\{P -38libraries. The heat load is generated for each of the two hbrarles then the
higher value of\the twoss prov1ded in the table below for conservatism.
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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 |  Sheet2of4
Isotope Heat Load
(WICi)

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 N\
Fe-59 7.74E-03 (
Co-60 L54E-02 1 N\
Se-75 241803,/
Sr-89 3.46E-03 .
Sr-90 1,16E-03 W
Y-90 |/5.54E203) )
Zr-95 N\5.06E-03' ~— 7 '

. > —

| Nb95 | 480E-03
Sb-124/" N.33E02
Ba,i35 _—~_ | Stableisotope
Ba-137m ) | A92B-03 \V
\Cs-137 N/ 1.11E-03
smys3 C [TR94E-03
Ho-166,  “|\4.29E-03

~Yb169 '\ |2S51E-03
Yb-175_ | 1.00E-03

CHE181 | 438E-03
1927 6.13E-03

As can be\se\én int\he table, Ba-135 is a stable isotope and does not decay.

In terkofc\sl_% it is assumed that this isotope is combined with Ba-137m (due to the short
half‘hfe 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 sdmming the heat loads for
- Sr-90 and Y-90. ‘
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GE Hitachi Nuclear Energy | 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 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 equilibriuth. During
transient equilibrium, the activity ratio of the parent and daughter are determinéd by thé,equation:

Anb Nb

= =2.40

Az ANb Az

where:

Anp = | Activity of Nb (daughter)
AZr = Activity of Zr (pafent)
Np = Nb decay constant

Azy = Zr decay constant

Thus, the gammas emitted due to-the d@ of Nb-95 are\approximately 2.4 times as frequent as
the gammas emitted due to the‘decay ORZr-95. The equation is confirmed using basic Bateman
equations. This is taken into account in the<Calculatior of the relative emission probabilities of
the more-probable gamma.particles and also the number of gammas emitted per disintegration.

As aresult, the Zr/Nb-95 let load-is calculated by taking the Zr-95 heat load value and adding
it to 2.4 times the Nb\-.95 heatload. The Tesulting value is 1.66E-02 W/Ci for Zr/Nb-95.
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GE Hitachi Nuclear Energy |

0000-0100-5259-R3 |

Title: AOS Cask Isotopic Heat Load for Numerous Isotopes

Originator: E. Kirstein l

NACOE

- DRF Number: 0000-0094-2960

Verified | Final | GEH External Date: 5/27/09 | Sheet4 of 4
3.0 Conclusions
The table below summarizes the results:
Isotope Heat Load .
(W/Ci) /0

C-14 2.93E-04 N
Na-24 2.77E-02 N
P-32 412E-03 N\
P-33 454E-04 , NU . N\
Sc-46 1.26E-ng N -
Fe-59
Co-60 1
Se-75 yd
Sr-89 AN
SI/Y-90 N
ZrNb-95
sb-124 /7N )
Ba-13\5’~ N/ Tlsm ’lssiss)t\()/pe ,
Cs-13\n | 50303
Sm-153 N\ . | T94E-03

SHo-166 N\ N\ | 4.29E-03
Ybh160~_ N\ | 2.51E-03

INSYZ N 1.00E-03

ueg 4.38E-03

|92/ Y 6.13E-03
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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.

Structural Evaluation General Information Thermal Evalqatibn
o Deformation ) « Fissile contents « Combustion < >
« Displacement of * Dimensions and . Decomposmon )
contents and tolerances . Dehydratlon
poisons : » Materials . Memng
o Neutron poisons AN
 Transp. index N AN
\\\ : \\
. R . \‘
g I 7 < xtf

Criticality Evaluation, Chapter6 N/A

Design Evaluation I~ Results
« Fissile content « Models \ ) : « Biases
« Dimensions and tolerances - . Computer codes. “F-e-Uncertainty
¢ Neutron absorbers o Cr/oss secnons . » K-effective
‘ o Moderating materials o/SmgIe package analys:s ~., ] * Transport index
& Array analysis (Normal condmons
-of transport) . T
« Afray analysis (Hypothetucal
~] Accident conditions of transport)

— >

! Package Operations.- Acceptance Tests and
. rad eg\ \p ations- . " | Maintenance Program

s\ Transp. index » Dimensions and
« Neutrori poison’or ~~ tolerances
moderators < ¢ Neutron poison
Y . specification
\ .
\ \ P
~ v
N
AN
e
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7 PACKAGE OPERATIONS

General Information

1.3.3
¢ General rest
1.2

Table 1-6

‘s Operational features

e Tamper-indicating
device — Figure 1.9
* Contents - 1.3.1 &

rictions

Strucfural Evaluation

s Closure
requirements
(7.3.4.3)

» Lifting configuration
2.5.1 v

¢ Handling restrictio

1y \ O

Thérmal Evaluation

* Temperatures
Table 3-4

* Pressures
Table 3-3

{\ \\
N

RS s e N L
Containment Shielding Evaluation® \,\g\rltlcahtyll(”E‘:/aluatlon
. . \ - ', i i
e Closure ‘e Doserates ™\ ¢ Transp./index
requirements 5. 1*2 t -& Dimensions and
7.34.3 . Streammg paths ™. tol/erénces
* Assembly . Pre-shnpment tests || e Contents
verification leakage 5 4.4.2 - « Neutron poison
rate - 4.4 S . * specification
< N 7
/

/’/\

,}x

\

X Y

F;aékagfé pber ations, Chapter 7

Package Loading

/e

/

\ Package Unloadmg

Preparation of Empty Package
for Transport

 Loading - 7.3.4 ¢
. Preparatlon for transport 73

AL N

». Preparation for loading — 7.3.3 ™

. Recelpt of package 7.4.1

ps
0~Contents removal ~ 7.4.2
5. \\\ N
> e
v PaN /

« Contamination limits ~ 7.5.4
» Verification of contents removal
7.4.2.5

Vv v

Acceptance Tests and
Maintenance Program

« Periodic testing
'8.2.1.2

* Replacement
component testing
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Note: Unless indicated otherwise, all information related to the Model AOS-100A is also applicable
to the Model AOS-100A-S.

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, Paragraﬁws 5&[7.1],

71.87 [7.2)], and 173.475 [7.3]. The evaluation is used to ensure that the packaginé with its prop‘osed
- . . AR Nt S I Ay
contents, satisfies the applicable requirements of the transport package’s licerige or ce\r/tlflcate. This

evaluation includes, but is not limited to, review of the following:
¢ Proposed contents’ isotopic composition, quantities, and decay héat
* Proposed contents’ form, weight, and geometry
¢ Shielding requirements
¢ Structural requirements
* Thermal requirements
* Pressure requirements

= Shipping hardware (liners, racks, dividers, baskets, shoring devices;-and-$o forth)

Figure 7-1 through Figure 7-4 provide isometric¢views of) each model’s packaging (Models AOS-025A,
AOS-050A, AOS-100A/A0S-100A-S, and AOS-165A, respectivély):

Models AOS-025 and AOS-050 are trags@tically,\gsing a‘pallet design, as illustrated in Figure 7-1
and Figure 7-2, respectively. Models AOS-‘TOOl and/AOS-165 argztransported horizontally, -using a cradle
arrangement, as illustrated in Figuré 7-3 and Figure 7-4;-respectively. This distinction is due to the specific
package’s size and weight. ’ N :
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Figure 7-1. Transport Package, Isometric View — Model AOS-025A
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. SHIELDING
MATERIAL GENERAL PLASTICS
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Figure 7-3. Transport Package, Isometric View — Models AOS-100A and AOS-100A-S
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Figure 7-4. Transport Package, Isometric View - Model AOS-165A
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7.1

The following summarizes the operating requirements and restrictions:

SUMMARY OF 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 @pose

of selecting the proper handling devices.

d. Review Table 7-2, Table 7-3, and Table 7-4, to be apprised of the packaglng s@e
temperature and cavity pressures. These values represent maximum condmons

e.  Review the Activity Limits listed in Table 7-5. These values represent\maXImum condltlons

f. Review the AOS Transport Packaging System drawings listed inJable 7-6, in preparatlon
for Receiving Inspection.

Table 7-1. AOS Transport Packaging System Dimension and/V\IIelgrQSummgfy Ay Mod/els

g, Dimensions (cm /in.) ‘ (kg/ Ibs.)
‘| Packaging Cask Cay ity:l .I'
© Limiter | Conten
Model © | oD |Height| OD Height{-MIP::ac:k:a:gih‘g‘} Cask s t
28.96 | 39.62 | 17.78 | 22.86 414 \11,;4 53.6 11 6.8
AOS-025A | Il e ¢
11.40 | 15.60 7.0y - 9.00. _\1.6h 5‘.00\ 157 118 24 15
- T S :
57.96 | 79.25 /35.56( 45.72 M 25.40” 511 431.2 52.6 27.2
AOS-050A | I A=
22.82 | 31.20 W.OO ~{8.00- 3.25 /1'0.00 1,126 950 116 60
A i
S N
115.93 | 158.50 | 71.12 91.471\ 16.51 | 50.80 3,950 3,451 272 227
AOS-100A | Il ——4—= S
45\.64 1 62.40 \2@0 3Q00/>6.50 20.00 8,700 7,601 599 500
VN ~]<
115.93 15}50 71.12 91.44 | 16.51 | 50.80 3,232 2,823 272 227
AOS-100B | Ili \\ ——~
//\ 45.64 ’6_2’.40 2800.1736.00 | 6.50 | 20.00 7,125 6,218 | 600 500
\ 4
< _ | 11598 \158.50< 7112 | 91.44 | 16.51 | 50.80 3,901 3,402 272 227
AOS-100A8 | T s
N \ \\45:64\\62.\49/ 28.00 | 36.00 | 6.50 | 20.00 8,600 7,500 | 600 500
’ TRNTS
/ : \\\ 9126 | 264.16 | 117.35 | 150.88 | 27.23 | 83.82 18,234 14,968 | 2,268 998
Qaos-tesa [N | —dL .
\\\ '75\.)30 104.00 | 46.20 | 59.40 | 10.72 | 33.00 40,200 33,000 | 5,000 2,200
— < 7
\ \\ ~191.26 | 264.16 | 117.35| 150.88 | 27.23 | 83.82 15,535 12,270 | 2,268 998
AOS-1658B- | |
\/ 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 Conditic}ns/oaf\1‘ra{1sport Temperature Summary - All Models

Maximum Temperatures
' AOS-100A o
_ A®:sﬁ025A} AOS-050A AOS-100A-S AOS-1008B AOS-165A AOS-165B
Package Component °C °F °C °F °C °F °C °F °C °F
Cask Cavity O e | 2 128 263 126 258 126 259 365 689 202 395
Shielding Material Y98 [ 200 |25\ | 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 o8 | 2087 /123/| 253 116 241 116 241 289 553 171 339
Cask Drain Port 98 \|-"208 Y 124 | 254N\ 116 242 116 242 290 555 171 340
Cask Vent Port 98 208y | 123 | o254 |\118 245 118 245 305 580 177 350
Cask Outside Surface 98 208 | Sf122 /| 252N 115 | 239 115 239 |. 266 510 162 324
Impact Limiter Foam Material 98 208 |/ 124 | 255\ | ) 119 | 246 119 246 311 592 180 355
Querpack Accessible Outside | g7 180 | og \// /zloz %Jg/ L | 174 80 176 80 176

| a. Listed temperatures are on the overpack and cask surfaces, and rlrot at tﬁ'7e personﬁel barrie{surface.
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Table 7-3. Maximum Cask Cavity Pressure Due to Normal Conditions of Transport — All Models

Volume Temperature? Pressure® Design Pressure®
Model ! in3 °C °F . kPa | psia kPa psia
AQOS-025 0.17 10 99 210 126 : 18 < 207 30
AOS-050 1.36 83 128 263 136 20 < 414 60
Ai\)osﬁ I)g(/)\;-\s 11.21 684 126 258" 135 20
AOS-100B 11.21 684 126 259 135 20
AOS-165A 49 2,978 365 689 209 30
AOS-165B 49 2,978 202 395 209

b. Pressure calculation is based upon the ideal gas law, where:

PG _ Pz\((

T4 T,

Initial Condition
P, =14.7 psia
T,=78°F

c. Model AOS-100 and AOS-165 transp: ssure’value is based upon design conditions.

Fire Conditions — All Models

a. Tem;}éré\/tdféxlisted is the maximum value obtained throughout Hypothetical Accident conditions
of transporg.évents. _

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

.T|empe alul re? ~ Pressure .| Design Pressure®
kPa | psia kPa psia
| 143 21 < 207 30
| 162 24 < 414 60
I 155 23 < 1931 | 280
| 155 23 < 1,931 280
| 549 2,978 375 707 220 32 < 1,517 220
| 5B\ [~N49” | 2978 | 232 449 220 32 < 1517 | 220
I
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| Table 7-5.

Model
P A0S-050 AOS-100 AOS-165
"Wv) dBIR A (100w) A, A-S (400W) B (400W) A (7 kW) B (2.5 kW)
Isotope? | Ci/Watt® _ ci .| TBq Ci TBq Ci TBq Ci TBq Ci
Co-60 |6.49E+01 | 8.73E103835 36E §§’705E 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% 1.28E+01, | 37BE+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

Hi-181. [ 2.28E+02
I-192 | 1.63E+02 | 5.48E+00 | 148Ex0
Zr/Nb-95 | 6.02E+01 -
C-14 | 3.41E+03 | 1.26E+03 | 3.41E+04
Fe-59 | 1.20E+02 | 2.16E-02 | 5.85E-01
Ho-166 |2.33E+02 | 1.01E+00 | 2.74E+01 v
Na-24 [3.61E+01| 2.58E-03 | 6.97E-02 | 1.55E-02
P-32 | 2.43E+02[8.98E+01]2.43E+03 | 8.98E+02
P-33 | 2.20E+03 | 8.15E+02 | 2.20E+04 | 8.15E+03
Sb-124 |7.52E+01 1.16E-02 | 3.13E-01 | 1.62E-02 :
'Sc-46 | 7.94E+01 | 2.05E-02 | 5.55E-01 | 1.05E-01 | 2.84E+00

I

I

I

I

I

I

I mﬁ;gg% {FB9EY03 | 3.38E+03 | 9.13E+04 | 9.25E+01 | 2.50E+03 | 5.91E+04 | 1.60E+06 | 2.11E+04 | 5.70E+05
I
I
I
I
I
I
I
I
I
I
| | Se-75 |4.15E+02|1.54E+02 | 4.15E+03 | 1.05E+02 | 2.84E+03
I
|
I
I
I
I
I

%63 I+O1$§9? §5E+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
E 892E+02 2.41E+04 | 3.74E+00 | 1.01E+02 | 1.56E+04 | 4.21E+05 | 5.57E+03 | 1.51E+05

,\_

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 | 1.00E+03 | 3.70E+02 | 1.00E+04 | 2.67E+03 | 7.21E+04

Use of Axial
: . Shielding Plates
Shipping " Use of Liner No additional 183C8491 may Use of Liner
Configuration 183C8485 is required | shielding is required be needed for be needed for 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;gc’ iging System Certification Drawing List — All Models
TR
Model Impact Limiter - Rev. Cask Rev. . Liner/Plates Rev.
AOS-025A 105E9722 “ A, » 16608143 “ A, . 183C8485 A
Markup Markup
AOS-050A 166D8138 A 166D8137 A - -
“Markup” “Markup”
AOS-100A ./_,&\1t05E9713 A 105E9712G001 . A, , 183C8491 A
TN Markup Markup
AOS-100B 105E971 1\./ g /A A “105E9713 “ A, N 105E9712G002 » A ” - -
: < . <\ / / Markup Markup
SN A » A -
AOS-100A-S 105E9711 Wi £ 2 /1 05597)3& | “Markup’ 105E9719 “Markup” 183C8491 -
AOS-165A 105E9707 A (] / 108E8709 A TTNA 105E9708G001 A - -
AOS-165B 105E9707 A Y/ A0sE9700 ) 105E9708G002 | A 183C8499 A
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7.2

- GENERAL INFORMATION

The following lists genéral information about package operations:

a.

7-12

. 5.0 Procedure

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

5.1 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 Packaglng/f}r%ansportation
6.0 Return to Normal
7.0 Records and Reportlng Requirements
8.0 Reference \\ \
AOS can provide gundance in the development of~s\u/ch plan.

Review maintenance récords, o ehsure that maintenance and inspection of the packaging
are current.

AOS Radioactive Material Transport Packaging System Safety Analysis Report
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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. -

Verify that the radiation and contamination levels are in cgmpliange”wi\th regul
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].

/"
/

NN

7.3.2 Removing the Transport Package from the T‘ransport@cle

To remove the transport package from the transport vehicle®

a. Position the transport vehicle, in the-job staging area,\for@spor’( package removal.
This operation can be aided by use of, &ah overhead crane or forklift. truck.

b. Position the spreader bar or forks, thenrconnect the appropriate-8lings and shackles
to remove the personnel barrier, ~

C. Depending upon site-specificsissues, do,one or more of the following:

N\

*  Remove the personnél barrienand tie down*the hardware.

e  Remove the impact limiters from the cask,\the\n/place the impact limiters in

temporary storage: —~
« Lift and remove the entire package from-the transport vehicle, then set down the
! N . .
packag;/Nexg, remove thg impact limiters from the cask, then place the impact
limitersin tempdrary storage,
. Remove the cask;-using the appropriate rigging equipment.
e. Transfer the\cask t(\)/the loading area.

Note: F(\Jr the Mode{ AOS*-\025A Qnd AOS-050A transport packages, the upper impact limiter
can be removed only to gainicc;s to the cask.

B

AOS Radioactive Material Transport Packaging System Safety Analysis Report
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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 repalr or replacement,
then reinspect the part.

Depending upon the particular transport package model, remove the cask/trunnlo/rﬁand install
a lifting device specific to the facility. If using a forklift to transport the caék protect the cdsk
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 thevertical.

N\

With proper radiological protection and monitoring, remove the closure hd\for vnsual inspection

of the cavity.
Record any finding(s), and notify the Job Supervisor for/p/rcker disposition of the finding(s).

Visually inspect the cask and lid sealing surfaces for damage orforeign matenal
Repair or replace damage noted, as required, ther reinspect.

Visually inspect the cask seal for damage. Repair any gouges-or cuts in the’seal area,
as required, then reinspect.

Remove the lid plug.
Replace the metallic lid seal, before Ioadmg

Install the lid guide pins 90° apart. Use of\the lid gmde pifis-is.mainly required for
underwater operation.

&
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7.3.4 Loading of Contents
7.3.41 Loading Irradiated Fuel into the Cask

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

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, ifito-a she ting
device (such as a rack, basket, or other such device).

The liner and shielding plates listed in Table 7-7 are used duringthe shipment
of radioisotope capsules, either in normal or special form.

Shore the load within the cavity, if needed.
Install the lid plug into the cask.

Table 7-7. Additional Required Shielding

Model Device Drawing No. Revh .l‘ Comments

AOS-025A Liner 183C8485 AN e 2

AOS-100A ' e ‘:;l\/lllayb\ené'é'déd for large-quantity shipments
AOSA00AS | Prates 183C8491 y /\;\ | ofCoeo

AOS-165B | Liner 183c8499” | A \J| >

N

7.3.4.3 Installing/tﬁe -Cask Closure Lid

\\

To install the cask closure | Ild\,\afte venfym t\hat the seal is properly installed, use proper rigging to slowly
lower the lid onto the cask, over e lid guide-pins. Carefully monitor this operation, to ensure that the lid is

properly alignéd: \/

AOS Radioactive Material Transport Packaging System Safety Analysis Report 7-15
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7.3.5

7.3.5.1

Preparing for Transport

Removing the Cask from thevLoading Area

| To remove the cask from the loading area in preparation for transport:

a.

. a.

7-16

7.3.5.2

To secure the cask lid in preparation for transport:

Carefully measure the cask radiation levels while removing the cask from the storage basin
or cell area.

Hand-tighten the lid bolts.

Decontaminate the cask to a level consistent with Paragraphs 508 [7.1], 171.87(i) [7.2],
and 173.433 [7.3].

Securing the Cask Lid

Torque the lid bolts in a criss-cross pattern, with a final §ass all'the way around, to ensure even
seal compression. (Refer to Table 7-8.) \ )

If the cask was loaded under water, drain the c(ask by removing the drdin 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 beenrémoved from the

N\ T

cask cavity, vacuum-dry the cavity unt}I/1 torr\ pressure isobtained. 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~typ|cal vacuum drying system

setup and the equipment to be us&d-for thls\process

If the vacuum pump used,in this procedw}a\ls equped with a “gas ballast” device,
turn off the device durmg theﬁ.';:k vacuum dry{ngzoperatlon 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 oil during the vacuum drying operation, isolate the
system. Turn on the gas “ballast device U until-thé water vapor is removed from the oil, turn
off the gas ballast, then plaée the system back online.

Install the dfain 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.

AOS Radioactive Material Transport Packaging System Safety Analysis Report
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Table 7-8. Bolt Size and Pre-Torque - All Models

Pre-Torqu'e N
Model Function Bolt Size / ASME Standard N-m Ibf-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
Lid Bolt 1/2-13 UNC-1A / ASME SB-637 UNS N07750 TYPE 3 .
AOS-050 Trunnion Bolt 3/8-24 UNF-2A / ASME SA-193, Grade B6 /
Trunnion Screw | 5-40 UNC-2A / ANSI B.18.3 NG
Lid Bolt 7/8-9 UNC-1A / ASME SB-637 UNS N07750 TY I
AOS-100 Trunnion Bolt 3/4-16 UNF-2A / ASME SA-193, Grade B6 \ \
Trunnion Screw 1/4-20 UNC-2A / ANS| B.18.3
Lid Bolt 11/4-7 UNC-1A / ASME SB-637, u
AOS-165 Trunnion Bolt J746 550
* Trunnion Screw i / HAND TIGHT
VACUUU CAUGE CaBLE
f’ :Séif:?é,
7 \ e
cuun O"l%}%‘ir" QUICK CONNECT —

VUST B wi3TaLLed

HORZONTALLY

=

1
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_____ ORaN PORT

VICUUNM DiSPLAY

5 O

N
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/
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CONTROC 80X

R

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.

7.3.5.4

a thermal conductivity sensing instrument or mass spectrometer device, sniffér method
These types of instruments are sensitive to detect and quantify the presence o(f/hehum inja
gas stream. Pressurize the cask cavity with 104 kPa (15 psia) pressure (approxmately the
same background pressure in the cask cavity, with helium present). Helium can be intreduced,
using the “quick connect” fitting at the vent port. (Refer to Paragraph 7%3.5.2\or test Setup.)

Set up the test instrument, in accordance with written procedures and thesmanufacturer's

Perform leak testing of the cask closure seal, drain and vent threaded pipe plugs Wlth\

_instructions. : \
AN

With the instrument calibrated to a sensmwty of at least 1"™* 10\5 cmd/sec (helium), chiéck
the package containment by sniffing with the test mstrument thrgugh th(\a\)test pont, the volume
between seal cross sections and around the threadéd Jomt area of\@am and vent pipe

plugs, for indications of leakage.

If leakage is detected in the checks performediin step c, repair oer_I@erthe malfunc’nonmg
component(s) and re-test for leakage (repeat step c)\

Preparing the Cask for Transport of'Irradiated Fuel
T~

Note: Not applicable. Fuel is not an auth@ntenrfor the AQOS Transport Packaging System.

7-18
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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.
. 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 Ilmlter Then/mstall

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 slmgs anﬁ\shackles connected

d. Models AOS-100 and AOS-165 — After the cask is properly posmoned and secured W|th|n
the shipping cradle, install and secure the impact limiters. \

N

Note: Models AOS-025 and AOS-050 require that one /mpact limiter be installed first on the pallet,

before inserting the cask into the pallet. \/

e.  Apply safety wires and security seals to the Iatch pins and turpbuckles; as illustrated

in Figure 7-6 and Figure 7-7, respectively. v

f. Install the personnel barrier, if reqmred/\

g. The transport package does not contain anyparts 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 tr\ansport package and transport vehicle, consistent
with 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( 3) [7 4].

i Apply the security sea)to the(x/erpack asillustrated in Figure 7-8.
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SECURITY SEAL
2 LATCH PINS (MIN .}

Figure 7-6. Latch Pin Safety Wire and Security Seal

-SECURITY SEAL
2 TURNBUCKLE (MIN.}

Figure 7-7. Turnbuckle Safety Wire and Security Seal
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SECURITY SEAL
2 PLACES (MIN.)

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 710 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 Q

| 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[fkansport Packaging SYstem.

7.4.2.2 Preparing to Unload Irradiated Hardwar/é or Other Cogt)nts

Note: Repairs and/or replacements require prior AOS notification and approval.

To prepare to unload irradiated hardware or other&ntentsc

a. Perform a visual inspection. Note any-~ d\amage or unusual conditions. If part functionality
is impaired, repair or replace’ the part, as requured Perform a radiological survey of the
cask surfaces, in accordance with the user (S|te)\procedure

b.  If the cask is to be unlpaded in a|r at a waste disposal facility, prepare the cask for unloadmg,
following a procedure developed by the waste disposal facility and reviewed by AOS.

7.42.3  Unloading Fissile Material from the Cask

Note: Not appI/cableC-'ueIT/s not an authorized-content for the AOS Transport Packaging System.

%

7.4.2.4 Un Ioadmg{radlated Hardware or Other Contents

4 ¢

To unloadirradiated hard ware or other contents:

‘ollo\dl \

F | \ posa I site procédure when unloading irradiated hardware in air at a disposal site.
fthe irrac\ilate\dzhardware is unloaded underwater or in a hot cell, perform the work as specified
Y

b;
w th\e user (site) procedure.

7.4.2.5_ Installing the Cask Closure Lid

N

| 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.

a.

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
| Toremove 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 ¢ in Paragraph 7.3.5.2. Q

7.5 PREPARING AN EMPTY PACKAGE FOR TRANSPORT

This section describes operations that are typically performed after transporting radipactive matetial

7.5.1 Inspecting the Cask Cavity ' : \)

| Toinspect 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 thecavity 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 EII moisture|is removed. If moisture is present,
dry the cask cavity. (The drylng instructions provided in Paragraph 7.3.5.2, or other methods,
can be used.)

7.5.2 Installing and Securng thé Cask Closure Lid

To install and secure the cask closure lid:

a. Using proger nggmg, slowly_lowenrthe did plug and lid onto the cask, over the lid guide pins.
\
Carefully QOtor Kthis operation;to &hsure that the lid is properly aligned.

- b. Torgue the lid bolts in“a crigs-cross pattern, with a final pass all the way around, to ensure
eve\seal compressmn

| C. Inspect the cask to ensure that the drain port plugs, vent port plugs, and covers are

roperly installed.
N p p\{ \\/

<5 .3 Leak Testing to Verify the Assembly

~ \ N
| Note: Not\appllcab/e Leak testing is not performed on emply containers.
7.5.4 \

Decontammate the external surfaces of the cask, to a level consistent with Paragraphs 508 [7.1],
71.47 [7.2], and 173.441 [7.3].

Preparmg the Empty Cask for Transport
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7.55 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 70 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 hea/dquarters
QA office. These records fulfill the requirements of 10 CFR 71.85 [7.2], and.dre 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 01{621 [75] and/10 CFR 73[7.6].

Report all incidents that involve any significant reduction irf 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 orl\to the—public above the limits specified in
10 CFR 20. 403(b) [7.4], contamination or suspectéd 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 @
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7.6 APPENDIX

. 7.6.1

Typical Operating and Maintenance Procedures
(for lllustrative 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 Nucléar Center
(GE-VNC), Operations and Maintenance of Model 2000 Transport Package Spcc1ﬁca/t10n

Document. The GE-2000 cask is licensed by the Nuclear Regulatory Commis$ion (NR/O) n}er

the licensing certificate USNRC USA/9228/B(U) F-85. The general sequehce forhandling.the
GE-2000 cask at HFEF is described in drawing Dwg. W7520-0600-ED, Operational Seq/uence/>'
GE2000 Cask Handling at HFEF. The general handling steps for receipt, unloading, and shipment

of the GE-2000 cask are summarized as follows:

o Receive the trailer with the GE-2000 7A equipment box and.stage rélated equipment.
e Receive and stage the cask shutter shield@r‘mg, and cask-Cart adapter in the

truck lock. | _

- Install the cask-cart adapter on tlie cask ca\rt/ and remove the high-bay hatches.

. Receive a dry (empty or loaded) G‘E-\ZOOO casky'vertically tied down within its

-assembled overpack inte’the truck locks

) Stage the trailer with cask and loosen.the tie-down-cables prior to disconnecting the "
transport tractor-from the trailér and place 6 x 6-in. blocks under the front of the .
trailer.

. Remove the overpacktiezdowns, unbolt the overpack, and lift the overpack cover off
the gverpack ba\se= \\\/

) Iréall}lr«auxiliablvifting cars on the cask and hoist the cask onto the cask cart.

. Vent the_cask to the-cell exHaust system and remove the cask-lid bolts.

. Install the shutter shield’and remoi}e the cask lid.

. Install the bask@ide and the transfer-lid assembly on the cask.

. Remave the,shutter shield and install the shield ring.

) Moye the cdsk under the main cell and bag-in the cask to cell penetration IMI.

Lift the inner transfer lid and shipping basket into the main cell.

Replace the inner transfer lid and bag out the cask.

Remove the shield ring and place the shutter shield on 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 verlfy 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.

o Recetve the GE-2000 7A equipment box trailer; reload related equipmeént and ship the

GE-2000 7A equipment box. / //>

. Replace deck plates and transfer the cart adapter shutter shield; and shleld Ting to

storage.

Since the cask will be shipped empty from the Materials and Fugls Complex (MFQ), it is not

necessary to leak test and vacuum dry the cask prior to shipent.

2. SYSTEM DESCRIPTION

21 GE-2000 Cask

. The GE-2000 cask (ref. GE Dwg. 105E9520, Model@O{Shipping Cask and Fig. 2, GE-2000
Cask) is an NRC approved, steel-e}lcased, lead-shiglded shipping cask owned by GE-VNC, who
holds Certificate of Compliance (CoC) U\SA'/92~28/B(‘U\£?-85. The cask is designed to transport

multiple payloads including irradiated fuel'rods, byproductySource, or special nuclear materials
(SNM): irradiated High-F lﬁx-lsotope-Reactor (‘HFIli)\fuel assemblies, irradiated
Tower-Shielding-Reactot\(TS@\\ﬁJel elements; \irrad’iated Materials Test Reactor (MTR)-type fuel
assemblies: and Training, Reﬁzarch%d\lsotope General Atomics (TRIGA) fuel elements. The
GE-2000 cask/w\ei'ghs 23,750 1b. Overal, the'transport package (with overpack) is 131.5 in. long
by 72-in. diameter (ref. Fig=l). Durmg shipment, the cask is enclosed within the overpack, which
provides impact limiters on the top and bottom ends of the cask. The cask with its 10 ,200-1b

overpack, has\a gross pac}age\ghlppmg weight of 33,950 Ib with maximum payload. The

maximum remoyable wéight allowed within the cask cavity (including shoring, baskets, spacers,

(ydradioact-ive materials) must be <5,450 Ib. -



Form 412.09 (Rev. 09)

Idaho National Laboratory

2.2

Identifier: =~ HFEF-OI-6210
GE-2000 SHIPPING CASK Revision: 2
Effective Date:  1/9/07 Page: 3 of 58
The cask body consists of two concentric, 1-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 internal cavity
dimensions are approximately 54 in. long by 26.5-in. diameter. The cask lid is 8.62"in. thick with.
a 34.75-in. OD and is made of 304 stainless steel and filled with lead; it has a stép}d design and
is fully recessed into the top flange. The lid weighs 2,000 1b and contains a-preengineered
1-in.-diameter, U-shaped, lid handle welded to the top of the lid for lid removal. The lid i$
secured to the cask body by 15 1.25-in.-diameter socket-head screws. The caskis sealed\by-two
elastomeric O-rings bonded to a thin aluminum disc-shaped ring. The cask is equipped with a,seal
test port (located on the side of the cask body), a vent port (located-in the cask lid), and 3 drain
port (located at the bottom of the cask on the side). Each port-consists'ef an inn€r pipe, plug and

an outer plug cover with an O-ring used to seal the otiter ifer plug cover.

The cask is equipped with three types of preenginee@\cask lifting ears~T/standard, auxiliary,

and optional (or trunnion). For lifts at HFEF; the caskwuSes thé four auxiliary ears that are bolted

to a permanent mounting plate welded {0 the top.end of the cask. Each auxiliary ear

(weight 40 1b) is attached to the ca\sk using four bolts, The edrs must be removed prior to placing

the cask within the overpack. The li-fting\ears GE-speciﬁ{/(}verhead handlling equipment, leak .

Y

test, vacuum drying equlpm/en}rmscellaneous tools, and supplies are shipped separately from the

cask on a second traller{)acked W1th}§DOT—7A\equ1pment box.
Overpack \>

The GE-2000-cask overpack-(ref. G-E\I/)wg. 105E9521, Model-2000 Cask Overpack) is a
two-piece impact limiter that completely encloses the GE-2000 cask. A 304-stainless-steel

toroidal shell impact limiteris.attached to each end of the overpack. The overpack is constructed

of 0.5;in.-thick)\304 staifiless steel in concentric cylindrical shells and has an overall length

Cof\l’?ﬁ 5-in~The impact limiter has a maximum diameter of 72 in. Gussets on the upper and base

s€ctions of the overpack sections provide features for lifting and tie down. The overpack cover is
bolted@just above the lower impact limiter (overpack base) to allow access to the cask. The
ovef‘f)ack/bolts are installed horizontally into the side of the overpack. The two sections of the
ow,are joined together using 15 1-3/8-in.-diameter shouldered screws. The total‘weight of
the overpack is 10,200 Ib.
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2.3

2.4

Doilble-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 tfailers

A

carrying the GE-2000 cask and equlpment within the MFC site will require escoft personnel to

AN

ensure that the trailer does not come in contact with the pavement. Once thetrailerhas afrived at

HFEF, it will be inspected to ensure it is undamaged. \/ /A

The overpack uses eight tie-downs. Each tie-down consists of a turnbuckle and steel cable’with a

/!

shackle on the outer ends of the tie-down. The bottom shackle‘is-attached to the low-boy trajler

N

D-ring and the top shackle attaches to the gusset eye on the\overpack. Four of the€ight tié-downs

- attach to the gussets on the base section of the overpack and the remaining four tie—do\wns attach

to the gussets on the upper section of the overpack/A standard tractor can accommodate the

low-boy trailer fifth wheel. However, due to thé des1gn of the traller tie- downs are torqued only

after the tractor used for transport off site is attached\to the low -boy to accommodate trailer
flexing. \ <

The low-boy trailer arrives at MFG w1th the GE: 2000\cask w1th1n its overpack and tied down in
the vertical mode. The tra11er~contams an overpack\stand‘strapped down to the trailer, which is
used during unloading to’Store the overpackicover. The overpack base rests on a 54-in.-square
transport base plate that*has a 3:<in.-tall by 22.5%.-diameter cylindrical ring welded at the
center and serves to center the overpack-base on’the trailer bed. The baseplate is permanently
bolted to the tfailer-bed. The oute{ edgex({f the trailer uses 1-1/4-in.-diameter curved bars welded
to a 6-in.-Square pbt{ttached to the \t;aller—s outer I-beams.

\

Clean-Equipment

\

ean-equipment box is included with the cask shipment and is located on the rear of the

>

The ¢l

@v/ Boy traxler\Thxs box uses a thumbwheel security lock and contains equipment for installing or

/
/

removing tie-downsand installation of the cask lifting ears. The clean-equipment box contains a
préset-0- 100 ft‘lb torque wrench, 0-800 ft-1b torque wrench, 0-250 ft-1b dial torque wrench

(spare), 1/2-in.-drive breaker bar with a socket and Allen wrench, two 1-1/2-in. open-end/box

. %enches, turnbuckle ratchet wrench, 1-in.-drive breaker bar, pump oil, and NUPRO 5000

anti-seize compound.
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2.5

2.6

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 Ib
auxiliary lifting ear box, 380-1b standard 11ft1ng ear box, 235-1b chain hoist box, 40, 16 W wrench
box, 375-1b drying box, 10-1b spare bolt box, and a 30-1b leak detection box (ref 357 7A
Equipment Box Checklist, Fig. 1, 7A Equipment Box Storage Locations). The equipmerit b&'
also includes a 40,000-1b-rated GE-2000-cask spreader bar weighing | 370 Ib, a rl\ggmg
accessories drum weighing 268 Ib, an optional spare cask seal, and a drum spreader welghmg

28 1b.

Prior to use and shipping, an mventory is taken of the equipment box and the equ1pment
certifications (calibration and load test) are reviewed and_verified to be current. The OT TA
equipment box is required to be tied down on the trailer prlor\to}hrpment in a condition identical
to the as-received condition. The equipment bok will-formally be recéived in-advance of the
GE-2000 cask on a éeparate trailer. Prior t0<hand1ing\t\l}e GE-2000 cask, all equipment serial
numbers, certification tags, and load test-and calibration reCords related to equipment used at

MFC must be reviewed and evaluatéd for acegptance and réadiness for use by MFC personnel.

Spreader Bar

The GE 2000 spreaderhar [minimum working load limit (WLL) 40,000 Ib]

(ref. GE Dwg. 105E9510 GE 2000 _Spreader Bar) is a symmetrical X;shaped four-point lifting
bar specifically™designed for\llftmg the GE-2000-overpack cover and the GE-2000 cask. The
spreader bar has a 3-?22111. centerlift p\kthat attaches to the overhead crane hook at the center of
the lift bar.\Each 0f the four lift points’(located at the outer ends of the spreader bar) provide for
shackle attachmentsvS‘hackles\lgcated at each of the four corners of the spreader bar are used for
connecting the'steel cables that are connected to the cask lifting ears or overpack gussets with

matchmg shackles. The\shackles, steel cables, and spreader bar have been designed specifically

be/GE VNC for hf@g the GE-2000 cask and overpack. Certifications and load-test records are

included with tble GE-2000 7A equipment box and are shipped with the cask. The spreader bar is
hipped to MEC within the GE-2000 7A equipment box.

4
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2.7

2.8

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 Ib and has a 46.255ifr. (9}) and an
inside diameter (ID) to accommodate the cask by resting the base of the cask op‘the inside bottom
of the adapter. The bottom half of the adapter 1D is tapered and reduces the I to approximately
39.5 in. to accommodate the GE-2000 cask. The adapter lowers the bottom of the GE-2000 cask:
approximately 2 ft below the cask-cart personnel-floor level. The adapter hasithree
permanently-installed polyethylene guides that are spaced 120° apart on the inside of the adaptef,
they act to guide the cask into the adapter. After the cask has*b/e}n loaded into the adapter on the
cask cart, technicians must manually place three large 10-im<long polyurethane sp{z}:er blocks (as

NSNS

needed) between the cask and the inside diameter of the-adapter+to center-the’cask.

During handling operations, a stainless-steel plate ig,added to the inside bottorn of the adapter for
the cask to rest on. There are two 1-in.-8 UNC hftmg\pomts on the top of the adapter to allow
installation of 1-in. swivel eyes to be threaded through the/holes of the 1.5-in.-thick stock plate.

Shutter-Shield Assembly \\>

The shutter shield (ref. Dwg W752 60 EE Shutter Shield Assembly) is an MFC-designed

manually-operated 7 000 b shd{h\g\ h hat \15 placed over the top of the cask to shield

personnel from additional radiation during lid change-out operations in the HFEF-truck-lock

\/

hatch. Because'the cask cavity~does not use an internal shield plug, the cask lid must be removed

N\

and replacgd with an MFG<designed two-piece concentric lid. The shutter shield is designed for

/

placement on top%ﬁthe cask and-has & manually-operated sliding shield and a bagging ring built
into the top shutter shi€ld. Al\M?in.—thick neoprene gasket, 39.5-in. OD by 35.25-in. ID, is placed
Between the bottom of the shutter shield and the top of the cask to provide a seal. The shutter is

equipped with a manual handwheel that moves the shutter door open and closed. A manual stop is

Cinc‘luded to prevent ovérdriving the door in either direction. A handle with a chain loop (for

positiening the locking handle) is also provided. The shutter is lifted and handled using three,
perm@entlly-ilqstalled, 3/4-in.-10 UNC swivel eyes, each rated for a minimum WLL of 5,000 Ib.
A'removableé brace is included with the shutter shield to steady the shutter when the shield door is
opened 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.bag from the
cask and remove the lid from the area. A new bag is installed, the old bagging,stub removed, and

the operation is reversed to reinstall the inner- and outer-transfer lid. Whenrthe inner- and

outer-transfer lid is in place, the shutter shield is removed and replaced with_the shield ring. In
this condition, the cask can then be mated and bagged to the HFEF main-cell pe{etratjon\@nd the

inner transfer lid pulled up into the main cell, allowing access to the shipping basket.
Cask Shield Ring

The cask shield ring (ref. Dwg. W7520-0624-EE, S@) mates the top of the cask to
main-cell penetration 1M1, it has a 1/4-in.-thicK, 50,to"70 durometer, heopren¢ gasket that is

- glued to the bottom of the shield ring to seal it to the-cask. The shield ring’provides personnel

with radiation-shielding protection and-payload.containment. The top of the shield ring has

a 23 in. ID bagging ring welded to,the top Ef\the shield; it iSsused to bag-in the cask to cell _
penetration 1M1. The shield ring weigh&:4,750 lb\and has t}}ee 3/4-in.-10 UNC, 1.5-in.-deep bolt ‘
holes for lifting and placing’it'en _top‘of the task. The shield ring has a 49-in. OD and

is 15.625 in. high. The bottom of the shigld ri{1g is equipped with a two-piece circular,

1.5-in.-thick, polyethylene cask protector that is used to guide the shield ring onto the cask.
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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 handlmg 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 transforlid

(ref. Dwg. W7520-0604-ED, Inner Transfer Lid Weldment) is a 17-in.-OD by/LS.S-m:-ID,
7.5-in.-thick, 304-stainless-steel, flanged cylindrical plug. The inner trans&r”lid igfl'ift}d’into the
hot-cell allowing for the shipping basket to follow. The inner lid has a 1-in,- 8 UN(\’/thr?ded hole
in the top center of the lid for screwing in a standard HFEF-waste-can screw grapple. The inder
transfer lid weighs 600 1b and rests on top of the outer transfer lid. A 1/4-in.-thick, 17.5-in.-OD
by 16-in.-ID neoprene gasket is glued to the underside of the*igrkr-lid flange. The outer
replacement transfer lid (ref. Dwg. W7520-0603-ED, Lid Transfer) is\a flanged 3£7§-in.-OD
plug with a 16.25-in.-ID opening to accommodate the-inner-transfer plugsThe outertransfer lid is
made from 304 stainless steel and weighs 750 1b./The outer transfer\id rests on,the casks existing
double O-ring seal. The outer transfer lid has,three 3/4-i,.-10 UNC hftmg eyes. During lid
changeout (at the truck lock hatch), both théxinner and.cuter hés are assembled and rigged for

loading onto the cask as one unit.
‘ 2.11  Shipping-Basket and Guide

During shipment the cagkcavity contains a payload shipping basket (Dwg. W7520-0607-ED,
Shipping Basket Weldment) ar?d‘aQaEket gui\de (Dwg. W7520-0608-ED, Guide Basket). The

~ basket guide is used‘only torcenter ‘and space the payload shipping basket within the cavity of the
GE-2000 cask! The-basket guide wei?g\ﬁs églb. The shipping basket weighs 35 1b empty.

basket hastan 0.\/era11 assembled height of 53.463 in. and an OD of 15 in.

&

The outer perimeter of the shipping basket contains 17 cylindrical slots for loading samples and

The payload ship?i‘ng

tubes~The shlppmg basket is ﬁtted with standard pole piece at the top center of the basket for
grappling and hftmg the basket between the cask and main cell. The basket guide has an overall
(jength of 52.51n. ar\lga maximum OD of 26 in. The top of the basket guide is fitted with movable
a 0.75-<in>diameter bail for lifting the basket. Both the bottom and top of the basket guide is open
to allow the shipping basket to pass through. The bail on the basket guide is rotated to one side at
W 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 ‘ .

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 Out),/a}ld an
8-mil-thick yellow PVC bag (ref. Dwg. W0147-0619-EE, Bag, Containment). THe cleaf bags are
used at the truck-lock hatch; they are placed on the sliding shield door for cask-lid-Change otl\t»and
removal of the empty baskets from the cask cavity. These two clear-polyGrethane bags each
contain three sleeve arms and are open at the bottom and closed at the top. The yellow ‘P{’?bag
uses hoops installed on the outer perimeter of the bag connected by dowels to maintain the bag/
inflated, it is used between the upper bagging ring on the cz}sk/shi‘eld ring and main-ce{/
ceiling-penetration-1M1 bagging ring during bag-in operations at the’main cell, ‘

~

3. ES&H REQUIREMENTS

3.1 Radiation/Contamination : O

3.1 A Radiological Work Permit (RWP) is/rEquired‘to perform this procedure.

NN

3.1.2  When venting the cask to the cell exhauStsystem personnel mfust wear respiratory protection (as ‘

N

a minimum) until contamination.Jevels havebeen determined, unless otherwise specified on the
RWP. '

3.1.3  Use of the shutter shield door on the GE‘-2@(}eaSk when a payload exists in the cask requires
' continuous H@Physics-Technician (HPT) coverage.
3.1.4  Prior to using th&l‘ephant trunk (vented vto the cell exhaust system), it must be verified that the

\ ,
black ﬂexible vent hose is securely clamped to the metal extension on the elephant trunk to

mt the hose\from b%e‘ing disconnected and releasing contamination.
| 31.5 my be,pressurized due to a change in altitude during shipment. Therefore, the cask
kmust be-vented to the cell exhaust system (using the elephant trunk) prior to lid removal to avoid

perswl contamination.

N

‘ 3.2 FElectrical Safety

The electrical-related activities covered by this procedure mﬁst 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. | | | ‘
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3.3

3.3.1

332

3.3.3

34

3.4.1

34.2

3.4.3

3.44

Elevated Work

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 manriér that the

restraint device will prevent them from crossing the threshold of the removed deck plate

When the cask-tunnel hatches are open, the safety railings and toe boardsrmust be\m/place or ‘
approved fall protection used by personnel within 6 ft of the opening. \ W
Personnel entering the opened deck-plate area of the high bay must don a fall- restramt devicg-and
attach it to an adjacent deck plate prior to entry.

Hoisting and Rigging

The crane and all rigging and tackle (ref. Subséction’2.5) 7A Equipment Box) used must have
certifications meeting the requirements of DWP-6500, Hoistirig and Rigging at the INL.

All rigging tackle must be exammed@use Rrggmg tackle that does not meet the rigging

examination requirements must be rejected and\not used Rejected MFC equipment is returned to

Materials Handling- Serv1ces \\\\

The cask lifts performed in thlS\ ocedure have been’classified as critical lifts all other lifts are
classified as preenginered- productron hkA cr1t10a1 lift person-in-charge (CLPIC) must be

designated inthe procedure for-each cask lift/

All personngl muit-stand clearwhen lifting 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/ﬂilni?/Weight
Overpack (w/o cask) Weight: Gross 10,20(/) Ib /
' Dimensions: Length / 131 5/in / \
Diameter (max): / 72 O/m / /|
- cas eight: ross shipping: 3,
GE-2000 cask Weigh Gross shippi ~o3750 S
Lid: 20001\
External dimensions: | Length: /IN . 7h0\in. /

Diameter: /

AN 385 i

Internal dimensions:

Length: \

O 5400

Diamet_er:/—\

NV 264

shielding, etc.)

Spreader-baf weight: / . \ \ , L,/3/70 b
Shutter-shield weight: S () ) 7,000 Ib
Cask-cart-adapter weight: \\ N / 6,400 1b
Cask-shield-ring weight: N0\ < 4,750 Ib
Outer-transfer-lid weight: / \\ \ \ 750 1b
Inner-transfer-lid weight: \ \\ \ \ / 600 1b
Basket-guide weight: / \ \ \\ \\ M 451b
Shipping- basket (empty) welght N \\\ \ \ / 351b
Cask liner \ \\ \ 4,500 Ib
Maximum internal cavity weight (spacers payload\basket payload <5,4501b

Overpack and cask\(loose
surface contamination
limits, empty cask)*

DOT regulatory\mtenor/exterlor loose
“surface contammatlon limits
(49CFR173 443and Spec. 22A9380,

SGCUOH /623, 3(0)*

<2,200 dpm/100 cm’ beta-gamma
and <220 dpm/100 cm’ alpha
(based on an average surface area
of 300 cm?)

GE/Vﬁc shipping
contammatlon imits
(Ref @c/22A9380
Section 6.3. 3(c)

Addmonal GE-VNC, GE-2000 cask

-exterior limits

<100 cpm beta/gamma and
<200 dpm/ft” alpha

(These limits meet the GE-VNC
definition of Aclean@ or Anon

smearable.@)

* The listcdflﬁb’l"li?nits 'fo/r contamination reflect regulatory limits that may be received with the GE-2000 cask and overpack.

For ship{nents from.MFC, the overpack surfaces and the exterior of the shipping cask should be free of loose surface

radioactive-contaimination
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Parameter ‘ Specification/Limit/Weight
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 exterya‘l“truck
surface (vertical plane ofthe
truck). e / N\
/ ’

10 mR/hr beta-gaml/na an/d )

7 N4 .
neutron at{ ft from-thie vemcal/
plane of the'truck. /

\,

2 mR/hr beta-g\amma and*néutron,/
.at any normally occupied space?

4.2 ‘Major sections of this procedure may be performed in different ordersswith step@step use

required within each major section.

4.3 The double-drop low-boy trailer clears the pavément by approximately-6 in,Therefore, the path
of travel between the MFC gate to HFEF niust be walked down at the time the shipment is
received to ensure no obstructions exjst that would result ifi the trailer not clearing the pavement

during travel.

4.4  Prior to unhooking the tractot-from the caskdouble:drop lewboy trailer, the overpack tie-downs
must be loosened. This requirement*app&ies for-all cask receipts, including weekends and
back-shift.

4.5 HPT coverage@i‘l-l\bwquired\during the 7A’equipment-box inventory. The 7A Equipmeht Box
Checklist (r/ef. FRM-357)>must be'completed upon receipt of the equipment box and also just
before the hatum%i‘pment to verifysall components and contents are accounted for and equipment

box internal and external surfag;:s meet the contamination limits of 49CFR173.443.

4.6 F omﬁ_RI\QSS, GE—2§)00 Cask Receipt Checklist, and FRM-359, GE-2000 Cask Shipment
é\hgcklist, must b>: c&mpleted for receipt/shipment of the cask. Any unsatisfactory results should
be deseribed in the Comments Section of the applicable form. Completed forms (with applicable

sHipping documents) must be forwarded to the systems engineer for retention and copies sent to
/ .
GE.

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 operatlons at the truck-lock hatch, it must be verlﬁed that the vacuum

pump is vented to the cell exhaust system.

4.10  No labels are allowed to be placed directly on the base metal of the cask. To afﬁx any labels -
GE-VNC supplied 3M white scotch tape (No. 483) must be applied to the specific cask/locatlon
first and then the label may be applled on top of the 3M white scotch tape. \

4.11  When removing the penetration-1 M1 outermost floor plug,/lf not already removed the\fu.nne]
must be removed from the plug at a safe distance from the penetration'and as olose to the cell

floor (as possible) to prevent the funnel from falling” 1m~open\penetratlon.

412 The GE-2000 cask is a quality assurance (C%A) level@stem Therefore, replacement parts
require written concurrence from GE-VNC and independent-verification by the Work Supervisor
or systems engineer to ensure that corréc}parts are installed (ref AWP 2.12, Identification and

Control of Items). This ver1ﬁcat10n of replacement parts must\be documented in FRM-358.

N ONCNN N

4.13  The 1-in. diameter lid ha ndlé}velded to the top of the GE-2000 cask lid is designed by GE-VNC

(o lift the cask lid only,” \\\ \\\)

4.14  As the cask is owned an a1 \tamed\{y C all scheduled cask maintenance will be
performed by/GE\pers { If a\p\ioble with the cask arises while the cask is at HFEF, the
systems engineer.must be notified immediately to obtain concurrence from GE-VNC personnel

\ A\
regarding p}oblem{esolutlon Replacement of parts on the GE-2000 shlppmg package or cask

require prior written*authgrizZatien from GE-VNC.

5. yEQUliT\ES
5.1 Planning.and Coordination
N . .
111 Work Supervisor — Perform the following:

7

[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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‘ [e] 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

e  -Shield ring lift

. GE-2000 spreader-bar lifts and moves -

. GE-2000 overpack lift

. GE-2000 cask lifts

) Moving the oVerpack onto the rear of the ttai‘ler with tie-downs in\pléce and
hand tightened.

[d] Verify the appropriate RWP_is in placé.

[e] Conduct a prejob briefing with theéystem/se\ngmesr Crew Superv1sor process
operations crew, and HPT, including a reviéw of.the proper PPE equipment and RWP
requirements for all cask handling opera

: [fl Inspect work areas in the

5.2 Approvals and Notifiedtions,

[1] Notify the Facility Area Supervisor\ FAS) that the elephant trunk will be used to vent the
s

ask- handlmg operatxons will be commencing.

WARNING

[2]/\N0t1fvhe FAS that the high-bay deck plates will require removal prior to recelvmg the
GE:-2000 cask trailer in the HFEF truck lock. :
[3] 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.



Form 412.09 (Rev., 09}

1daho National Laboratory

Identifier: HFEF-OI-6210
GE-2000 SHIPPING CASK Revision: 2 v -
Effective Date:  1/9/07 Page: 15 of 58
[4] 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.

[S] Notify the HPT that the special low-boy trailer will require a contamination survey,prior to
bringing the GE-2000 7A equipment box and trailer into the truck lock.

[6] Materials Handling-Services, Systems Engineer, and Work Supervisor & Obtain and
review (for proper certification) the GE-2000 cask-equipment certifications and annual
inspection records prior to using the GE-2000 7A equipment box handlihg equipment:

[71 Work Supervisor — Verify that technician training has been satisfactorily completed fof
all personnel using the GE-2000 cask and handling equipment,

[8] Systems Engineer — Review the shipping papers provided by the CWI T@)onation
Group.

53 Special Tools and Equipment; Parts and Supplies\/>

NOTE Step 5.3[1] must be mdepenc}en(tl}vcrlﬁed\by the 6ew Supervisor or systems engineer.
Independent verification w111 be docum\ented{n FRM- 358

~ \/ o
[1] Obtain the following'MFCitems(with current calibration stickers, where applicable), and
document mechanical anditest equipment (MT&E) in FRM-358:

N

. &2000 cask-cart adapter with the stainless steel plate in bottom of adapter

NN S

Shutter shield with heoprene gasket
. ll\npa\ct wrench with 3/4- to 5/8-in. adapter
Outer transfer lid (ref. Dwg W7520-0603-ED) contammg the inner transfer lid
with neoprene gasket (ref. Dwg. W7520-0604-ED)
Bis/ket guide (ref. Dwg. W7520-0608-ED)_(if required) |
Three-legged wire rope bridle (minimum WLL 7,000 Ib at 45°) (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 Ib)
Four 11-ft-long (minimum) nylon slings (minimum WLL 17,000 Ib) (for lifting
the cask) | | .
. Four shackles (minimum WLL 17,000 Ib) (for cask auxiliary-ear attachment to

lift the cask) A

<o GE-2000 cask shigld ring with neoprene gasket
®
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2]

Two 1-in.-8 UNC swivel eyes (minimum WLL 4,600 1b) (to lift the GE-2000
cask-cart adapter) '
Three, 3/4-in.-10 UNC swivel-eyes (minimum WLL 3,400 Ib) (for lifting cask

-adapter, shield ring, and assembled inner and outer transfer lids ontg.the cask in

the truck-lock hatch) ' />
Preengineered T-bar screw grapple and sling (minimum WLE1,000 I%

(ref. Dwg. W0066-0383-ED) (for lifting the 600-1b inner, transfer\l\i/cLonto the

outer transfer lid in the truck lock) 0
Torque wrench (0 to 300 ft-1b) (for installing swivel eyes on cart adapter,-Shield

ring and outer transfer lid)
Chain fall (minimum WLL 2,200 Ib) (for femoving the cask lid and the

. assembled inner and outer transfer lids) '
Dynamometer or load cell [0 to Z(ZMinimum)] (for remoying the cask lid)
8-t step.ladder (to access the top ofthe overpack and.cask)
Two nylon slings, 4-ft minimum leng}h (minimum WLL4,600 Ib) (for lifting
the cart adapter) ‘
Two shackles (minimum WLL 4,600 Ib) (fer lifting the cask cart adapter)
4 by 4-ft, 3/4-in.-plywoed (to set the cask lid’down in the HFEF truck lock)
Chocks (fof bragin g\trailer wheeﬁin the HFEF truck lock)
One 67% 6-in. 5-ft-Iongyor two 6{9in. 1-fi-long wooden block(s) (to place
under the front end-of the double-drop low-boy trailer to maintain trailer height

for tractor connection of'the fifth wheel).

Obtain the following MEC items;”.

9-in<tall L-shapéd lid removal gauge

Bagging sleeve (ref. Dwg. W0147-0619-EE) with hoops and dowels

(ref. Dwgs. W0213-0171-EC and -0172-EB) or the SLSF bag-in sleeve
(\qu/Dwg. W0093-0107-DE, SLSF Bagging Sleeve) (for cask bag-in to -
main-cell penetration 1M1)

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 rerhoving 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)
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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)

o Three cask-cart polyurethane stabilizing blocks from the Transnuclear Fort St.
Vrain (TN-FSV) storage box (ref. Dwg. W0147-0678-EC)

o HPT decontamination and smear materials from the list of approved materials in
Appendix A

e  Wire rope sling (minimum WLL 100 Ib) (for lifting the 45-1b basketzgulderfrom

the cask after bagging out from the main-cell penetration):
[3] Stage -the‘followi'ng MFC equipment at main-cell penetration:

) Blotter or plastic paper (to place under 1M1 floor plugs)

. 83-in. waste-can screw grapple (rc}’.,Dwg». WO‘147-025\3‘—]\)/D, Screw Grapple)
(for removing the inner transfe lid) \

. Standard 85-in.-long latch g.rapple/@Dwg. WO'147-0Q6/45DE - Grapple
’Assemb]y Waste Can Hand%g) (forun-cell’crane lifts of the shipping basket)

e Square polyvinyl chlo/ri\de (PVE) plasticor blotter paper (to set down the inner
transfer lid at mam cell zone\l| M)

. Outer floor-plug stora contzher (avallable in zone 1M). ‘

AN

[4] Identify the following GE-VNC=supplied cag,i(/ handling items: |
N
40,000-1b spreader-bar (st@d/in its GE-2000 7A equipment box) with four
1-3/8:in. shackles attached at each corner
o our éuxil'i‘ary\or standard ears and ear-attachment bolts
o Four b1-ft- longk’e] lifting cables with 1-3/8-in. shackles attached (for lifting
th}ésng if reguued}
Four 3/4-in. tie-down cables (for lifting the overpack cover to the overpack
stand)
Fou{ 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 tic-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-1b, with 48-in. extension handle (for

tightening cask auxiliary ear bolts)
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. Torque wrench (0 to 250 ft-Ib) with a gear-head torqtie multiplier and reaction
bar to obtain 690 ft-1b (for tightening the cask-lid bolts)

. Torque wrench, capable of 50 to 250 ft-1b [for tightening the overpack bolts
(preset to 100 Ib)]

. Gear-head torque multiplier (4x) (for removing and tightening cask lidand
auxiliary-ear bolts)

. Reaction bar (for use with the torque multiplier)

o Breaker bar, 1/2-in. drive (for removing the oVerpack bolts)

o Turnbuckle ratchet wrench (for loosening or tightening the ti\e-down cablés)

. Extension, 1-in.-square driver to clear the auxiliary ear

. 2-in. combination wrench (for tightening the turnbuckle nuts)

. 3/4-in. to 1-in. drive adapter (to connect_the torque wren\c\h/ arid mujtiplier to the
cask lid and auxiliary-ear bolts)

e . 1-5/8-in. socket with 7-in. exténsign(for use on the auxiliary-ear bolts)

e  7/8-in. hex-head drive (fofxthe cask:lid’bolts)

. 5/8-in. hex-head driye (for thé-gverpack Holts)

. 3/8-in. Allen wrerich (for the cask went-portsplug and port cover removal and
installation)

) GE three-@leak test/evacuation adapter (Cross fitting) with red
vent-port-plug connéction and greep and blue hand valves attached (for
installation on the cask-lid vent port during pump down of the cask)

o ~TFel-Pro N-5000 Nickel Graphite (for lubricating cask lid and auxiliary-ear bolts)

<- Vibra—T~ite\bolt compound (for overpack bolts)

e Teflon tape (for-use on cask lid vent port)

. Tap/e, dt?tggﬁ/:,/Scotch brand (Nos. 226, 480, 483, 850 or 5413, 3M Corp.

St. Pauly MN) (for taping down or closing bagging materials).

15} @hat al\l GE{VNC MT&E have unique identification numbers, unbroken seals on the
torque wrenches, and proper documentation for certification and/or calibration and load
testing.

[6] Verify-that all MFC-supplied slings, shackles, swivel eyes, torque wrenches, load cells, and

Wil{ rope bridles intended for use on the GE-2000 cask have current certification.
[71 Record the torque-wrench and dynamometer serial numbers and calibration data in
FRM-358.
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5.4 Field Preparations ‘

[1] 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 strap it down to the
trailer to secure it from movement.

[b] Clear the high-bay area and truck lock (as needed) to handle the trailetscask,
overpack, spreader bar, and equipment box. v

[c] Materials Handling-Services/OPS — Obtain wheel chocks for use®on the trailer
wheels prior to unloading the cask from the trailen/\ ,

[d] Materials Handling-Services/OPS — As needed, stageMhe GE-20007A equipment
box in the truck lock or on the trailer.

[e] | Notify Operations personnel to femove@ﬁay-area deck plates.in preparation
for lifting the GE-2000 overpacly,ref. H<F'EF=OI-2 1\3 1, Truck Lock Operation).

[f] Ifused, obtain the equipment boy{es) key(s)-and unlock the box(es). Give the
equipment box key(s) or lockscombination(s) to the FAS for storage in the facility key
cabinet. ' '

[g] HPT — Perform a contaminatjon survey ofthe external surfaces of the 7A equipment
box; verify resulfs are acceptabléand document completion in FRM-358 (ref. limits .

N

for overpack’and cask loose\Nsurfac\e contamination limits of precaution/limitation 4.1).

Y

[h] Materials Handling>Seryices/OPS,— Remove the GE-2000 cask rigging equipment

from the equipment box and Stage it in the north end of the truck lock.

/

li] PT — Perform contamination survey internal of 7A Equipment box, and record
ﬁresult»s\in FRM—\35‘8. \/
lil l\)repar\ci th\e cask cart to-feceive a standard length cask (ref. HFEF-O1-3130, Cask
Tunnel and Cat@peration).

[k] 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 7 z\mée/ and Cart Operation). '
(1 / Materials Handling-Services/OPS — Install the GE-2000 40,000 Ib 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.
~[n]  Verify the main-cell storage location for the shipping basket is ready to receive the
basket.
[o] Review the shipping papers to verify cask contents. ’
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6. FACILITY CONDITIONS

v

1] 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

[1] HPT — Perform detailed radiation and contamination surveys of the overpack and trailer,
for loose-surface contamination and direct-reading radiq@n levels (including neutron
radiation for irradiated-fuel shipments), acceptable levels are identified in
precaution/limitation 4.1. Document survey completion results in F~R\l\//[-(358 and complete
the incoming truck survey map. » \

[2] Examine the following items and documént restilis\in FRM-358:

o Trailer and overpack stand f(‘)r@i{ibﬁ‘s‘j damage

. Overpack for genefal condition and obvious damage

. Tie-downs for gehgral “cdndition and eo\rr?installation.

A\ NN

[3] Open the cask loWboy trailer,Qlean-equipfﬁéni, box. Inventory and perform contamination
surveys, as needed; stagé\\the' tools for removal’of the cask from the trailer. Use FRM-357 to

léanzequipiment box.
NN
/OR%—— Open the truck-lock south roll-up door and move

000-¢ask into the truck lock.
N

record the items stored,in thec
[4] Materijals Handling-Services

the triil‘er containing the GE-2

CAUTION
ed prior to unhooking the tractor from the trailer to prevent torsion

dsFon eltrailer.
[5]/M;/>eriélls Handling-Services — Lower the trailer jack stands and chock the trailer wheels.

|6]/\I'f~ the tréiler will remain in the truck lock, with the tractor still connected to trailer, place the

6.x6-1n. timber blocks under the front end of the low-boy trailer between the bottom of the
trailer and the truck-lock floor.

[7] 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 conta;ns a payload, examine the talﬁper—indicating-device (TID) for tampering
and record the identification number(s) in FRM-358.

[2] If not already completed, using the turnbuckle ratchet wrench, loosen and sepa@e the top
four turnbuckles from the ovetpack. Leave the turnbuckles attached to the/tr/ailer. (The cable

“ends will remain attached to the overpack cover.)

[3] Using the turnbuckle ratchet wrench, loosen the tension on the tie- downs attached between.
the overpack base and the trailer, leaving the tie-downs attached betwesn, the overp&c/k/base
and the trailer. , ,
[4] APrepare the overpack stand for receiving the top overpacé\section for storage and St‘r;ip it

down on the rear of the trailer. .

Using the 5/8-in. hex-head drive (an as'ngeded.a 1/\111 drive breaker bar), break the

torque and remove the 15 overpack'bolts, careﬁJlly\place the bolts in the clean-equipment

box for later reinstallation.

ANN

NOTE To ensure the cran>h09kr}m<u‘ns ce'ntgr\ed on the spreader-bar load pin, spacers or
centeririg-rings may be'uséd as'necessary.
A BTN N\

[7] Material Handling-Services/OPS — Lift the overpack cover and transfer it to the

overpack storage stand on the trailer (ref. Fig. 4).
[8] 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. .
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[9]1 Record the date the cask was received and the cask serial number in FRM-358.

[10] 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 Nickel Graphite

and clean the bolt holes on the cask. o : A

[12] Using the ratchet wrench, 1-5/8-in. socket with the 7-in. extension, and L,-’in23/4-in>drive

e

< ' .
[13] Torque each cask auxiliary-ear bolt (using a crisscross pattern) to 600 ft-Ib in 200 ftlb

¢

increments, record torque-wrench serial number and document torque completionNin

adapter, install the four auxiliary ears on the cask (four bolts per ear).

FRM-358. \ |
[14] Materials Handling-Services/OPS — Install the r1gg1®xh\ftmg the GE/ZQOO cask

(spreader bar on high-bay-crane hook with four 11-ft-long (minimum) slings attached using
shackles to the cask) (ref. Fig. 5, nggmg Dlagram forxGE\ 2000 Cask). Adjus

=\

t the spacers

.........

under a suspended load. T @)bt COMN
must be used. If decontamin
where no hazard to personnel exis{s§

A Ko

ry ihciload must be placed in a safe configuration

[18] Material'si]an‘d\ling-Services/OPS — Using the high-bay crane, lift the cask just above the
overpack base and perf{m/radiation and contamination surveys, as directed by the HPT.

Document completlon of the surveys in FRM-358.

,[19]/Crew Supervnsor\— Review FRM-358 to ensure that it is complete. Maintain the form

with t@oth\or GE 2000 transport-package documents until the package is ready for

VvV
shmment >)1 as directed by the systems engineer.

20 \'I_’r/an}sfcr the cask over the cask cart.

121] Ma/terlals 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.

[22] Rotate the cask, so that the auxiliary ears are properly oriented (ref. Fig. 5).

[23] 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]

[25]

[26]

[27]

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. , |

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 tep section to

the base. ‘ /

If the overpack top section is returned to the base, a minimum of six bolts must bé instailed

and hand tightened (while the overpack top section is still supported by the crane) t6

properly support the overpack top section.

If needed, remove the trailer from the truck lock and place in a storage location.

7.1.3 Venting GE-2000 Cask and Replacing Cask Lid

(1]

(2]
[3]

[4]
5]
6]

171
8]
91

[10]

HPT — Temporarily cover the cask lid and top/ar—ea\with PVC sheeting leaving access to
the cask-lid vent port.

Notify the FAS of the intent to open the exhaust yalve on the elephant trunk.

Position the elephant trunk directl{~next to the cask-lid vent-port cover; then open the
elephant-trunk exhaust valveto the middle position.

Don PPE and respiratory protection, as directe}by the HPT and specified on the RWP. .

/

N2

Using a 3/8-in. hex-heé\d\drive,\remébe the cask-lid vent-port cover.

v

Using a 3/8-in. hex“head drive; slgwly loose{}le cask-1id vent-port plug and allow the cask
to vent to the elephant trunk;

When the cask has completed venting@omplete removal of the cask-lid vent-port plug.
HPT >< Survey-the cask-lid vent-port plug and top of cask, decontaminate as necessary.

If the HPT -determines that the*elephant trunk is no longer necessary, the elephant trunk may
be removed.

Place the vent-port plﬁg\,p‘lug cover, and O-ri}lg in a labeled bag for later reinstallation

following bag ouf from the main cell.

[11,]/C@1‘1«y remove.all of the contamination-control materials from the top of the cask lid;

[12]

ensure no\contamination-control materials remain on the cask.
Using a ratchet wrench, 7/8-in. hex-head drive, and 1- to 3/4-in. adapter, remove all

15 cask“lid bolts, place the bolts in a labeled bag for later reinstallation.

[13] _Verify the shutter shield door is properly secured in the closed position and the chain

(14]

restraint is routed through the shutter-shield-door handwheel and attached to the chain
restraint tab. ' '

Install the shutter-door bagging sleeve with the rod tabs located upward.
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[15] 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.

[18] Verify the shutter-shield door operates satisfactorily and then leave thé doorin thé operf

position.
[19] Remove the GE-2000 cask lid as follows (ref. Fig. 7, Rigging Diagram for GE-2000 Cask
Lid):

[a] Mark the orientation of the cask-lid orientation pins on the.ghutter to/aﬁl})w for proper
alignment of the transfer lid and reinstallation-of the‘cask IW

[b] Install the GE-2000-cask lid handler and shackle on the eask lid.

Je] Cutahole in the top of a bagging,s’leeve@ then thread the\g{i}lg through the top of
bagging sleeve and attach it to tﬁe chain-fall’hook; attach the upper half of the
chain-fall rigging to the crane

[d] Connect the sling to th¢ shackle on, the lid handlerand take up the slack.

[e] Place decontamination mater\i‘a-ls into a, baggin\g/sleeve.

If] Install the bag,o@t‘he shutter-shield bagging ring, secure and seal the bag against the
ring.

lg] As directed by‘the HPT, \tape the to;end of the clear bagging sleeve around the

hackle).

[h] <Don PPE arrd\respira})tv protection, as directed by the HPT and specified on the Job

ey Y

rigging (as close as.possible tothe’s

\ g ~>
NOTE When 4:3/4-in. of ﬁle cask lid is visible above the top of the shutter bagging ring and the
top of the\lid is %\ven with the top of the 9-in. tall L-shaped gauge, the shutter-shield door

ﬂn Be\clos\ed a/s/the cask lid will have cleared the door.

%

li] / As directed by the HPT and while using the chain fall, slowly and carefully raise the
cask 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.

[jl 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
allow heat sealing or taping the bagging sleeve below the lid.
[I[  Heat seal or tape the bag between the shutter shield and cask lid.

/
NOTE The cask lid (if uncovered) must be set down on plywood or other approved ma?e\:rial as
listed in Appendix A. ' PN

{m] Examine the bottom of the cask lid for condition and then transfer the bagged’cask Iid

to the setdown area on the truck-lock floor.

AN

[20] If the guide basket is to be installed in the cask, perform the'‘following:

[a] Attach a wire rope sling (minimum WLL 100-1p) toxthe wire bE{il/on the guide basket.

[b] Place the guide basket in a new 114-in?clear polyurethane bagging sl€eve.

[c] Cut a hole in the top of the bagging’sleevé and thread the wire ropé through the top of
the bag (to allow attachment of the wire rep¢ to the crane), seal the bagging-sleeve
opening with tape. |

[d] Attach the new bagging’sleeve and basket guide 'tq the crane and position it over the
shutter shield. '

le] Install and seal,ﬂ;?bo,ttom{)f the nQv bagging sleeve on the shutter-shield bagging
ring (over the old baggingssleeve'stub),

{fl Remove the old bagg}l_g‘-sleeve stt}b from the shutter-shield bagging sleeve.

N\
l[g] Open.the shutter Shield dbw
/TN

[h] JUsing the cra@ower the basket guide into the cask.

{i] \Unhook the wire bail.from-the guide basket.

{jl Using the crane, raise the ﬁgging away from the shutter shield.
k] Close the shutt@ield door.

C\/[l] Remove thé rigging from the crane and decontaminate, as directed by the HPT.

[21] Clean the\underside of the transfer lid, then (if needed) assemble the inner and outer transfer

lid./Using the preengineered waste-can shield plug T-bar grapple and sling (minimum WLL
/

COOO 1b) (ref. Dwg. W0066-0383-ED), place the inner transfer lid inside the outer transfer

lid-
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[22] 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-hd assembly,
seal the bagging sleeve opening around the rigging with tape.

|e] Place decontamination materials into a bagging-sleeve arm.

[d] Using the crane, raise the transfer-lid assembly and position it over the shutter shield

‘bagglng ring.

le] Using the level, level the transfer-hd assembly (the/t>ansfer lid must be level prlor to
lowering it onto the cask).

[f] Loosen the banding on the shutter-shield bagging ring sufﬁmently to alleWw rolling the
rubber band up to provide room to install the new\bag and banding.

[g] Install the new bagging sleeve below theﬁd\bagging sleeve;t\h/en secure the banding
over the rubber band, ensuring the banding.is secure and will not pull away from the
bagging ring.

[h] Remove the old bag stiib.

li]  Using the crane, lower the tr%‘lsfer-lid\assembly as close as possible to the top of the
shutter shield door without\touching the shielc}goor.

[il Remove the chain restraint from the\sh@ter-shield-door handwheel.

[k] With the braéin placedinder the shutter and as directed by the HPT, slowly open the
shutter shield doorto allow theHPT obtain a radiation survey.

1l ~When directed by the HPT, fiilly open the shutter shield door (approximately 3 to 4
turns to-fully open).

|ﬁ1] l}sing }h\e/ cfane ag(i}hain fall, lower the transfer-lid assembly onto the cask.

/_\

o

T \/ The. sw1\>el eyes\wﬂl remain on the transfer-lid assembly until after the shutter shield is
removed from the cask. :

\_/> As/ilrected by the HPT, remove the rigging from the transfer-lid assembly; ensure

</that the swivel eyes are not sticking up (could prevent the shutter door from closing).

[23] As directed by the HPT, decontaminate and remove bagging sleeve from the shutter-shield
bagging ring.

[24] Close the shutter shield door and secure the handwheel with the chain restraint.

[25] Using the crane, remove the shutter shield from the cask (ref. Fig. 6).
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[26] As directed by the HPT, perform a contamination survey and decontaminate the shutter ‘

shield.

[27] 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).

[28] Remove the swivel eyes from the transfer-lid assembly.

[29] Using the crane, align the cutouts under the shield ring with the auxiliary ears and@
install the cask shield ring on the cask (ref. Fig. 9, Rigging Dlagram for GE-2000 Shield
Ring).

[30] Remove the rigging from the crane.

|131] Close the truck-lock hatch.

7.1.4 Bagging Cask at Penetration 1M1 and Unloading Shipping Basket

[11 Move the cask-cart with the cask under main-gell"penetration 1M1 (re}c/HFEF-OI—.’; 130).
[2] Position the cask to allow bagging opérations wjth’cell-penetration M1
(ref. HFEF-O1-3410, Cask-T unnel\@sfer Penetrations).

[3) Prior to starting the bagging eperationyraise the cask to_the penetration and verify a proper

SEMPARNNY, ’

I fng bagging ring. If the bagging sleeve is not -
ll or contammatlon into the cask tunnel.

\
NOTE When&ns‘tal‘hng> the bqgging/sleeve, the bagging-sleeve may be folded down, as
/7necessary, to aid jn’a proper fit on the 19-in. cask bagging ring and penetration bagging

ring.
[4] Install the)bagging sleeve with associated dowels and hoops (ref. Dwg. W0147-0619-EE)
over'the cask-shield bagging ring and to the penetration-1M1 bagging ring '
(ref. HFEF-OI-3410).

[S—Reémove the bagging-sleeve stub(s) from the cask-shield bagging ring and seal.into one of

the bagging-sleeve arms.
[6] Raise the cask cart up to penetration 1M1, while simultaneously removing pressure from
the bagging sleeve (ref. HFEF-OI1-3410).
[7]1 Purge the bagging sleeve three times (ref. HFEF-0I-3410). _ '
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{8] 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.

9] Venfy that the cask is properly sealed to main-cell penetration 1M1.

N

NOTE All accountable material transfers are to be performed in accordance w,i‘t{ ’
HFEF-OI1-1302, “Mass Tracking System.” /
S Z

[10] Verify that both floor-plug storage containers are available in zone 1M.

[11] Verify that the screw grapple (needed for removal of the inner transfer lid) ahd the latch

grapple (needed for removal of the shipping basket) are available in zone 1

funnel is installed it must be supported to keep 1t1n ﬂ'oo)r ¢. The funnel can be removed

once the floor plug is transferred away frondithe open) penetratlon Care must be taken to avoid
dropping the funnel or other items downgthrough the flgedpenttration.

~~~~~~~~~

[12] Remove all penetratioﬁ—\lMl floor b]‘ugs’(ref‘ HEEF-OI-3410) and place them on blotter
paper. If the funnél is install ‘df1n§the outermost plug, then after moving it away from the
penetration opening} remokthe funnel usmg a master/slave (M/S) manipulator. Set the
floor plug-down out of the way: ,

[13] Usinga mirror and\light view the gpen floor penetration to ensure that a clear path is
available o removmg the\mnervtransfer lid.

[14] Install a standardf83 -1n. wasté-can screw grapple (ref Dwg. W0147-0253-DD) on the

’ electromechamcal manipulator (EM).

[1\5/]/Using the EM, perform the following:

"~ [a]_’ Lower th€ screw grapple into the penetration and attach it to the inner transfer lid.

[b] / Remove the inner transfer lid from the cask.

<_[E]/Li’ft the inner shield plug into the cell and place it on the prepared square of plastic or
blotter paper.

[16] Remove the screw grapple from the EM and store it.
[17] Install either a latch grapple (ref. Dwg. W0147-0064-EE) or a screw grapple on the in-cell
crane_or EM.



" Form 412.09 (Rev. 09)

ldaho National Laboratbry

Identifier: 'HFEF-01-6210
GE-2000 SHIPPING CASK Revision: 2 S ,
Effective Date:  1/9/07 Page: 29 of 58

- 1.2

7.2.1

[18] Using the in-cell crane or EM, lower the grapple into the penetration and attach to the
‘shipping basket.

[19] Using the in-cell crane or EM, lift the shipping basket into the main cell and transfer it to
the unloading station.”

[20] Reattach the screw grapple onto the EM and inner transfer lid. />

[21] Using the EM, lower the transfer lid back into the penetration and replace’the lid in the
buter transfer lid on the cask.

[22] Raise the EM back into the cell.

23] ARemove the screw grapple from the EM and store it.

[24] Replace all penetration-1M1 floor plugs in the penetration (ref. HFEF OI-3410).

[25] Bag-out the cask from penetration IM1 (ref. HFEF-QI<3410).

[26} Return the cask to the truck-lock hatch per HFEF-O1-3130.

Cask Shipment
Replacing Cask Lid

[1] Asdirected by the HPT,‘ perforim a contamihation sutvgy and decontaminate the cask lid (as
- needed), to enable removingi\the bagging'sleevesfrom t\l%cask lid in preparation for
reinstallation.
[2] Clear all unnecessary personnel from the‘area of the truck- lock hatch.
131 Open the truck-lock hatch\per HFEF- 0\1‘2] 3
[4] Notify the FAS of the mtent\to\@)en the e}ephant—trunk exhaust valve.

{5] Position'the™ elephant trunk opening diréctly next to the top of cask; open the elephant-trunk

exhaust valve to the middle pos{t/ion.

[6] Install&a new@ing sleeve, decontarﬁinate the shield ring, and remove ?tub as directed by
the HP'R,

[7]1 As directed by the’'HPT, complete decontaminating the shield ring and top of cask and

C\/ applytape over the inner-transfer-lid screw hole._Shut down and store the elephant trunk.

(8]

[9]~1F sﬁlutte;
FHEN g0 to Step 7.2.1[15].

: ’[wtall/a contamination bag (with rod tabs) over the door end of the shutter shield (if

Usmg thé)crane remove the shleld ring and place it in the storage location in the truck lock.

shield is not required,

necessary).
[11] 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.
[13] Reinstall the rigging on the shutter shield and crane.
[14] Using the crane, reinstall the shutter shield on the cask (ref. Fig. 6). Verify that the neoprehe
gasket on the bottom of the shutter shield is in place prior to lowering the shufter onto the

cask.

[15] Remove the chain restraint from the shutter-shield-door handwheel, vérify p\x{)}er shuttér

shield door operation, and then leave the door in the open position.

[16] Install a bagging sleeve between the shutter-shield or top of the cask ( as\applicab‘lev),arid

the crane hook by performing the following:

la] Place decontamination materials into a bagging seize.

[b] Secure the bagging sleeve to the shutter-shield-or cask (as applicable) and ensure the

bagging sleeve is properly secured.

[e] Cuta hole in the top of the bagging sleeve toallow fthe rigging\,}o pass through.

{d] Install the rigging, through the hole in the'\bdgging sleeve top, between the crane and
the transfer-lid assembly Qréf.\Fig. 8):

[e] Position the bagging sléeve near the shutter-shield.or cask (as applicable) and tape the

bagging sleeve to the ri\gging.\\\/

N
NOTE Following remo{a;ll of the transf\e}r-lid\ass}m\bly/, the lid seal on the cask should be
verified to be intact.\

~

[17] Using the crane, slowly raisé-the transfer-lid assembly into the clear polyurethane bag

sufﬁé&iltly%*allow hehea-ling of the bagging sleeve. Verify that the lid seal on the cask is
intact.

[18]™Lf applicable, close-the shutter-shield door, secure the hand wheel with the chain restraint.

{19}/ Heat seal or tape the bagging sleeve between the shutter shield or cask and transfer-lid

assembly:

[20] UYsing the /crane, place the bagged transfer-lid assembly on the setdown area on the

/\tguelé-}ck floor.

\_/
NOTE To properly decontaminate the transfer-lid assembly the inner- and outer lids will need
to be separated.

[21] 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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[22] 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 Ib) 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.

le] Remove the old bagging-sleeve stub.

f] Attach the sling to the basket guide and the crane.

[23] Notify the FAS of the intent to open the elephant trunk exhaust valve.

[24] Position the elephant trunk opening directly next to the cask 1id; open the eléphant-trunk
exhaust valve to the middle position.

[25] Using the crane, carefully raise the basket gui&r—o}the cask into the bagging sleeve and
then heat seal or tape the bagging sleeve:

[26] Using the crane, place the bagged basket guide.on-the setdown area 0n the truck-lock floor.

[27] If required by the HPT, install a néw half-length or J14-in.-long bagging sleeve over the
shutter shield_or cask (as applicable). \

[28] HPT — Perform an initial c})ntam“ination survey-qf reachable portions of the cask cavity.

N

[29] As directed by the HPT, decontaminate.reachable portions of the cask cavity and/or shutter
shield. (Acceptance crite{fa: <2;200 dpm/em’ be>a-gamma and <220 dpm/cm” alpha.)

[30] When contamination levels\ofireachable portions of the cask cavity and/or shutter shield
have been_verified to be.<2,200 dpm/{n}z/beta-gamma and <220 dpm/cm? alpha, then
continuie with Step 7.2.1[3 .

[31] Attach a Tygon tube to'the elephant trunk, place the other end of the Tygon tube near the

. bottom,of the cask cavity to remove any gases and particulate from the cask cavity.

[_32]\\)\/ ith the\T ygon hose’i/n\place exhausting the cask cavity, carefully remove the bagging
sleeve and\then décontaminate reachable portions of the shutter shield to <2,200 dpm/cm’
bgz;-g\amma and 220 dpm/cm’ alpha. _

[33] Remove the Tygon tube from the cask cavity and elephant trunk.

[34] Remove the elephant trunk.

[351\If used/close the shutter shield and secure the handwheel with the chain restraint.

[36]_l_£u_s_/g_c1, lift and remove the shutter shield from the cask.

[37] 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’ beta-gamma, <220 dpm/cm? alpha))

[b] If decontamination of the top of the liner and/or liner cavity is necessary,
decontaminate the top of the liner and/or liner cavity, as directed’by. the’HPT?

WARNING
To prevent injury to fingers or hand, do not place fingers or hands under the suspende
reach stick must be used to decontaminate or take swipes on the b Sitom of the liner.

[e] Using the crane, slowly raise the cask 9ne%\the cask; wiping doWnt%e sides and
bottom of the liner to <2,200 dpm/cni’ beta-gamma and %220 dpm/ci? alpha
(ref. Fig. 10, Rigging Diagram fof GE-ZOOO-EEask Liner).

[d] When the cask liner is clear of the«cask, plice the liner on plywood or plastic that has

been positioned on the truck-1ock flobr, .

[39] HPT — Perform contamination S11\rf\7;éys ot the cask \(}W‘ity and top of the cask. If necessary,

N

decontaminate the ca@v&ty\and top, of.the cask. (Acceptance criteria: <2,200 dpm/cm’
beta-gamma and €220 dpm/yckr’r'lzfa-l‘pha.’) Document contamination survey results in
FRM-359 and provide the systems engineer with a copy of the survey map.

[40] HPT — Ifthe cask interior was openédrto the hot-cell, then obtain cask-lid and -cavity

\
contarhination swxpes for radionuclide and tritium analysis and immediately transfer the

smears to the\Analytxcal Lab0>1t(4y (AL) for radionuclide and tritium analysis. Document
completion 1n\F/RM -359..

[411~Shut the elephant-{riink exhaust valve and remove the elephant trunk.

k[54\72,] ‘Inform the\FAS that the elephant trunk is no longer being used.

[43] Examiné\the\cagk-lid seal and guide pins for cleanliness and satisfactory condition and
' clean if necessary. Verify that there is no debris remaining on the seal. Document
_completion in FRM-359.

[44] Verifythat no bagging materials or other debris remains in the cask cavity. Document
\completion in 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.

.[45] Systems Engineer — Verify that the radionuclide swipes taken in Step 7.2.1[40] r}eet\the
requirements for empty cask over-the-road transport. Document compfletion-in FRM-359.
[46] 1f removed, return the cask liner to the cask cavity (ref. Fig. 10).

[47] Using the crane, replace the previously decontaminated cask lid on the ¢ask being\(@/re‘ful to

properly align the cask lid.

N
NOTE Subsection 7.2.2 is only performed if required. \ \ / >

7.2.2 Pumping Argon from Cask / 3 \/

[1]  Apply Teflon tape to the threaded plpe ﬂange that screws into the cask-lid vent port; hand

tighten the pipe flange into the Vent\port
[2] Install the GE three-way leak’test/evacuation adapter (Cross fitting) red end towards the
* pipe flange, by securely clamping the butterﬂy nut on the KF flange (ref. Fig. 11, Varian ‘
SD-201 Pump- Down’Setup) N
[3] Connect the Varidn SD-2Q1 vacuum pump 'ar\l(}hose with matching KF flange to the top
(green end) of the Cross-fittingflange.
[4] Connect the Varian-purnp outlethose-to-the cell-exhaust-system elephant truck.
[S] Connect the inlet-and outlet-hose connections to the Varian pump.
[6] Inform theFAS that the elephanttrunk will be used.

[7] Place the elep@nt—trunk exhaust valve in the mid position.

WARNING

[8]—Verify the Varian-pump power-supply switch is turned off.

[9] - Plug the Varian-pump power cord into a standard 110-V receptacle.

[10] 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.

[12] Place the power switch on the Varian pump in the ON position. '
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‘ [13] 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 I min longer.
[15] Place the Varian-pump power-supply switch in the OFF position.
[16] Shut the green valve on the Cross fitting (attached to the cask).
(17} With an HPT present, loosen and remove the top (green) butterfly clamp:

[18] Open the green/purple valve on the Cross fitting and allow the cask (to{etum from a
negative pressure to atmospheric pressure, by allowing air to enter the cask.

[19] With an HPT present, remove the Cross fitting and pipe flange.

[20] As directed by the HPT, perform a contamination survey and decontaminate he Cross
fitting and pipe flange, bag the items if necessary.

[21] Remove the inlet and exhaust hoses from the Varian pump.

[22] Shut the elephant-trunk exhaust valve.
[23] Remove the exhaust hosé from the elephant trunk, _
[24] As directed by the HPT, perform a contamination survey/and decontarninate the inlet and

exhaust hoses, bag them if necessary.

7.2.3 Final Cask-Lid Installation \

[1]1 Apply Teflon tape to the-cask-lid ventport plug.
pply B p g\

[2] Using a ratchet wrénch and a 3%8@. hex-drive Allen wrench, install the cask-lid vent-port
plug and tighten uniti] snug:

[3] Examine the cask-lid vent-porbcover@/r/damage and remove, examine, clean, and reinstall
the cover O-rifig..Document completion in FRM-359.

[4] Using a ratchet wrenchand 3/8-in” hex-drive Allen wrench, reinstall the cask-lid vent-port
cover\with Oxring; tighten until snug. Document completion in FRM-359.

[5]— Using a ratchet/wrenéfl\and 3/8-in. hex-drive Allen wrench, remove the leak-test-port cover

(located on the top side of the cask) and verify that the O-ring is present and in good
Condition. Docum\ent completion in FRM-359.

6]

Using a ratchet ' wrench and 3/8-in. hex-drive Allen wrench, reinstall the leak-test port

cover. Document completion in FRM-359.
| [‘Z]/\Using Fel-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-1b torque value by the multiplier ’

value (mv) or 690/mv = final torque. Each 230 ft-1b 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.

A

[8] Usinga 0 to 250 ft-1b torque wrench with the gear head torque multipliep-and reacti/on{ar

torque the cask-lid bolts using a crisscross pattern in 230 ft-1b increments to-4 final torque
value of 690 ft-Ib (ref. Fig. 12, Cask-Lid Bolt Torquing Sequence). Record ?}}e/
torque-wrench serial number and torque completion in FRM-359.

[9] As directed by the HPT, decontaminate (as nécessary) the cask exterior to <200 dpm
alpha/ft’ and <100 cpm beta-gamma.

[10] HPT — When the cask exterior has been decontaminated to <200 dpm/;tﬁp\h}
and <100 cpm beta-gamma, document decontaniination completlon in’FRM-359 and
prov1dc the systems engineer with a copy of the survey maps and contammatlon results.

[11] Apply 3M white scotch tape (No. 483 fover the porT covers (vent alld,seal test).

7.2.4 Replacing Cask into Overpack <

[1] Materials Handling Services/OPS — Usmg the hlgh bay-area crane, perform the

following: /\ \\
[a] If necessaryy move the cask trailer mto the truck lock.

[b] Transfer the cask to the overpack base on the trailer.
le] Slowly\lower the cask just inside’the overpack base positioning the auxiliary ears in

line with the frailer length.

[2] Remove the dr\a/lin-port cover’and verify that an O-ring is installed and examine for
satisfactory condition, replace the drain-port cover and apply 3M white scotch tape
C\/NQ. 483) aver the cover. Document completion in FRM-359.
[3]4m®the\ fourzuxiliary ears; properly store the ears in the auxiliary-ear storage box and
apply 3M jwhite scotch tape (No. 483) over the bolt holes.

[4] ~ Remove the slings from the spreader bar.

[5] Separate the top overpack-cover turnbuckles from the slings.
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[6] Materials Handling-Services/OPS — Using the high-bay-area crane, perform the
following:

la] 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 the Iocatmg pins

are properly aligned. {
[7}] Obtain a torque wrench capable of 100 ft-1b for torquing the overpack bolts
[8] Clean and apply Vibra-Tite compound to the 15 overpack bolts. , -

[9] With the crane supporting and steadying the overpack coVer, install the 15 overpack bolts
by hand (no lubrication). Do not force the bolts.

[10] Using a torque wrench, torque the overpack bolts in a circular patter\r\l}o’IOO fi-Ib. Record

SN

the torque-wrench serial number and documeht torque completion in FRM;359.
[11] Remove the crane and spreader bar from-the overpack.
[12] Install the eight tie-down wire ropes, turnbuckles,.and shackles on tiie overpack as follows

(ref. Fig. 13, Overpack-Cover Tie"Down*Diagram):

Y

[a] Attach one end of an 1§-in. ratchet turnbuekle to the overpack cover.

NN

[b] Attach the opposite_ end of the\ratchet turnbuckl€ to the 60-in.-long wire-rope sling.

[e] Using a shackle, attach the 60-in:-1ong wiré-rope sling to the outside trailer tie-down

bracket. \ \ \/

[d] Repeat Steps 7.2:4[12][a] through 72:4[12][c] until the remammg three
N N/

k<cover tie-downs have been installed.

/erpac < it

\ \/
NOTE The f{nal tle\ -down torqu%st not be applied to the tie-downs until the trailer has been
attache\d to the tran/sporL tractor.

e

[]'3’]/Ti'ght\en{h\e\overpack base and cover ratchet turnbuckles with the turnbuckle ratchet wrench
until all slack\has been removed from the wire ropes.
[14]@&‘1215 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.

[e] 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 turnbuckles to keep the ‘
wire-rope slings from twisting from the torque being applied to the turnbuckles.

[15]

[16]

[17]
[18]

[19]
- [20]

7.2.5 Final Shipping Preparations

[1]

2]

3,

[d] Tighten the overpack—base-cover ratchet turnbuckles with the turnbuckle ratchet
wrench until all slack has been removed from the. wire rope.

[e] Using the turnbuckle ratchet wrench, socket adapter, and a torqu/e/wrenoh (cap@le
of 165 ft-1b), tighten the overpack-cover turnbuckles using a crisscross\pattern
in 40 £ 5 ft-1b increments to a final torque value of 160 to 165 ft>lb. Record.the

torque-wrench serial number and document torque completion in FRM-359.

Tighten the locknuts on the overpack-base and -coverétch\et\ltumbuckles and secure‘the
shackle pins with wire or tie wraps.

Move the truck approximately 10 ft and usingftmui{ wrench identified in

Step 7.2.4[14][e], recheck that the torque o{the,overpack coverturnbuckle tie-downs has

not changed (160 to 165 fi-1b). If necessary, logser/the lock nuts and-fetorque the

turmbuckle tie-downs to obtain the.proper toquaiue.

Document completion of overpack a‘edown installation in FRM-359.

Install a TID through the hole\m the flange between the top and bottom impact limiter. '

Record completion in FRM-359. .
Strap down miscelldneous items (such as ladderS\ clean box, blocks, etc.) on the trailer.

Set (spin) the combmatlo}lock to ]ock the whlte clean box prior to shipment. ‘

N
7

HPT\— Perform a final'radiation’survey of the cask and trailer; record survey results in

FRM-359 and cogmplete an outgoing truck and trailer survey map provide the systems
engineen\with a copy’of the survey maps.

7
HPT — Survey the cask (ref. precaution/limitation 4.1). Obtain the transport index (T1)
reading’at 1'meter(3.3 ft) from the surface of the pay load (if loaded), and record the

location and maximum TI reading; document completion in FRM-359.

[3]7 CWI Transpoertation Group — Perform the following:
C@]//Record the criticality safety index (CSI) (fissile shipments only) and T1 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.

al

4]

5]

(1]
2]

131

[b] Remove all old shipping labels ané install new shipping labels on thé¢ GE;2000-cask
package. /

[e] Complete a manifest using the radiation survey information recqorded in Step,7.2.5[1].

[d] Notify the TriState driver that the trailer must be blocked using 6 X\6 -in. blockszafgd

the tie-downs loosened when hooking up or unhooking from the cask double 1owb0y

trailer. \

Crew Supervisor — Verify all steps of forms ERM-358 an FRM*33 9’have béen
completed and signed off. Document completlon in FR\M 359 /

Materials Handling-Services/OPS — Open the roll- -up doors nd remove the tractor and
trailer from the truck lock. & \/

PERFORMANCE SECTION — NG T¥PE—7A EQUIPMENT BOX

Materials Handling-Services/OPS\>< Move.the trailér for the 7A equipment box into the
truck lock.

Inventory the GE-VNC e\Euipment box items\in preparation for repackaging into the
individual equipment bpxes. 4 »

HPT —Petform a contaminationssurvey of the GE-VNC equipment and decontaminate
them,\ if necessa%pre,;&mti%for repackaging the equipment. Verify that the
contamination suryvey results"are within acceptable limits (precaution/limitation 4.1);

document completionin.FRM-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.

A -

[4]° Materials Handling-Services/OPS — Perform the shipment check verlﬁcatlongnle
reloading the GE-VNC equlpment and document completion in F RM ’357 In1t1a1/1n
FRM-357 as each item is returned to its correct storage-box locatlon (zef. FRM 357 Fi 1g I,
7A Equipment Box Storage [ ocations):

[a] Verify that the spare cask seal security seal on the’7/\equ1pment box is st111 intact.

(The spare cask seal, if provided, normally remains in thex] A equlpment\box unless it
- has been required for use.)

[b] Using the crane, move the spreader bar (with sha\ckles attached and turned upward)
into the 7A equipment box onto its woodén cradle. Secure the\s/preader bar with its
tie-down straps. )

[e] Using the crane, carefully rfiove the'standard e4r box into the 7A equipment box
corner designated for 1t4’v ork theé-standard-ear box into the corner as far as possible;
then secure it with tie-down straps

[d] NN

If present, using thé erane)carefully move the drying box (orient the drying-box lid

handle to th¢ inside before Ikoefing\itu'{l}o}he 7A equipment box). quition‘the drying
box across from \the spréader bar against thg wall of the 7A equipment box. Sg:cure the
drying box with tiecdown’straps.

[e] C/arefully Place the rigging aceessories drum on its side and then move it into the 7A

<equip?nent box between the spreader-bar lifting points and the side of \the TA

equipme\n}box. Strap down the rigging accessories drum.

[f1 If >emoved frofn the 7A equipment box, replace the drum spreader into the 7A
equipment box between the spreader bar and the drying box. Secure the drum spreader

with tie down straps.

le]

Carefully move the auxiliary-ear box into the corner of the 7A equipment box. Work

theauxiliary-ear box into the comer as far as possible. Secure the auxiliary-ear box

with tie-down straps.
[i] 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 eqﬁipment box wall. Secure the leak detection equipment

box with tie-down straps.
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lil Careful'l_))/ 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 tie-down
straps.

[1]  Strap down and prepare the equipment box for transport in its storage location,on the

trailer. Document completion in FRM-357.

[S] Crew Supervisor — All items have been accounted for and properly stored in the

equipment boxes. Document completion in FRM-357.
9. EMERGENCY PROCEDURES
9.1 Fire Alarm

[1] IFE there is a fire in the immediate vicipity,

THEN immediately evacuate the area and go to:the assémbly area.
[2] IF there is not a fire in the area and time permi.ts,

THEN place the cask/payload in a safe onditien and go-to the assembly area.
[3] Notify the HFEF Building Emerge}c\y Director (B'E\]B) of cask/payload status.

9.2 Radiation Alarm

[1] IF an HPT is not present,
' I@ﬁ/mte\the area and go to-the assembly area outside of HFEF.
2] IE an/ HPT ri\s present and monitQring
AND there is a radiation problem,
THEN perform’the followihg:

|a]—Eyvacuate the area and go to the assembly area outside of HFEF.
[b] Assemb\l/ezas directed by the HPT.

[3] ._IF an HPT is present and mo_nitoring
@D/there is not a radiation problem,
pd
THEN perform the following:
[a]  Place the cask/payload in a safe condition.

[b] Evacuate the area and go to the assembly area outside of HFEF.

]
[4] Notify the HFEF BED of cask/payload status.
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9.3

9.3.1

9.3.2

9.4

9.5

Criticality Alarm : ‘

Criticality in HFEF

[1] Stop all operations and evacuate HF EF, bypassing the personnel radiation monitoers, and
relocate to the Bldg.-713 Conference Room (primary) or Bldg -710 Conference Room
(secondary) / /

[2] Notify an HPT that personnel monitoring was bypassed while exiting HFEF

[3] Potentially-Contaminated Personnel — Go to the EBR-1I Health P\By.sics (HP)Field
Office.

[4] Notify the HFEF BED of cask/payload status.

Criticality in Another Facility

[1] Place the cask/pay]oad in a safe condition and go to the in- bulldmg assembly area.

[1] Place the cask/payload in a safe condition and go to the in-building assembly area.

Site Evacuation ‘

[1] Immediately procgfd to the evacuation buses \\}v.ithout passing through the personnel
contamination monitors.

2] Potentially-Contaminate\d Personnel -~ Go to the west side of the gate at the Security
Building and noftify.an HPT>\to perform a whole-body survey before boarding the bus.

[3] Notify the HFEF BED of cask/pdyload status.
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: HIGH—BAY CRANE
/ 40 TON
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(MINIMUM WLL 4870DD LB
r)
i

? FOURNI & 3/8-IN. SUACKLES
I/[Me‘MIMUM WL 36,000 'LB)

ASSUME TWD LEGS

5100 L8

45"
FROM VERTICAL

H o= 2190 LIB - JONN.—LONG WIRE ROFE_SLINGS
SIN 257 MINIMUM WEL- 26,600 L8)

M= 7214 L8 ' ‘

10,200 15

PN

PR 1= R CKLES
7,214 08 7214 LB FOUR 1-3/8—IN SHACKLES

\/(M\N\MUM WLL 26,000 LB)

LQAD VECTOR

CE-2600 CVERBACK COVER
(WEIGHT 10,200 LE)

> : T/P H47-X

REV. 3, &/D3

Fig. 4. Rigging Diagram for the GE-2000-Cask Overpack Cover
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""" HICH—BAY CRANE
40 TON

NOTE:  THE-BALL-DETENT ON THE SPREADER.
BAR IS TO BE POSITIONED VERTICAL °
©. AND ADJACENT TO THE LIFT PLATE-

— SINGLE BASKET HITCH OF .
. VERTCAL SLING
(MINIMUM WL 40,600 LB)

—— GE=2000 SEREADER BAR

\\(uym 40.00C LB)

FOUR 123/8-IN:: SHACKLES

\/(MIN_'M.UM WL, 26:000 LB)
(VENDOR SURPLEDY
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“i1.875 (8

Cohee
-\ FEROM VERTICAL

N FOUR 11=-FT-LONG (MININUM). SLINGS ‘
/ . {MINMUN WL 17.000, LB}

(BEA SUPPLIED)

W o N875.1B.
SN 45° .-

H. = 16,796 L8

25750 18

16,795 L8 1\6.79%
" LDAD VECTOR

FOUR 1-3/8-IN. SHACKLES
(MINIMUM Wil 17.000 LB)
(BEA SUPPUED)

BOLTED AUMILIARY LIFTING EAWS -
(MINIMUM. WLL 25.000° LB)
R {VENDOR SUPPLIED)

GE-2000 CASK :
(FEIGHT 23750 16)

SPACER UNDER__ g
SHUTTER. AND =~ ) o Nila: ‘
. SSHIELD BNC . AUXILIARY EARS f0 SV

CASK ORIENTATION DN CASK CART

Fig. 5. Rigging Diagram for GE-2000 Cask ‘
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vvvvvv HFEF TRUCK—=LOCK UR
HIGH--BAY - CRANE HODK

— N\ FROM
\\ HDRIZONTAL

ASSUME TWO LEGS

3,500 LB

H o=
SIN 457

\5~L£@ WIRE- ROPE MRIDLE -
(

MINIMUM WEE 7,900 1B@ 457)

H = 4950 LE

S BHACKLES |3 EACH)

(MINMUM/WU 4,950 LB

TURNEUCKLES (3 EACH)
C(MINMUM WLL 4,650 1B)

N

i— SCREWNPIN SHACKLE (OPTIONAL

\yN\’MUM WL 4,950 1.8)
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LJAD VECTOR

_~=SHUTTER SHIELD
IGHT 7.600 LB)
{W7520- 0606~EE)

ADJUST THE TURNBUCKLES
AS NEEDED, WITH THE LEVEL
PLACED ON THE SHUTIER TO
LEVEL THE SHUTTER PRIOR TQ
LOWERING ONTO THE CASK.

T/P HE41-X
REV. 2. 3/0¢

Fig. 6. Rigging Diagram for Shutter Shield
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N

Q ) j = TRUCK-LOCK CRANE
’

I =—— (QPTIONAL) SLING OR WRE ROPE

(MINIMUM WLL 2,000 LB)
, //\ SHACKLE {(OP TIONAL)
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\ D YNAMOMETER B3 LOAD CELL
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>/

— =S

1,900 LB

|
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I
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GE-2000¢CASK LID— KT E ey
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Y (MINIMUM WLL 2,000 LB)
= SE—2000—CASK
%%Z W N/ B2 LID ADAPTER (OPTIONAL)
= ZZ/ZZZZKD \\(\/INII\/UI\/ WLL 2,000 L8}
: , N SHUTTER SHIELD
T/P H542-X : b
REV. 3 3/06 % N ‘,\*AUXiLIAR‘Y LIFTING EARS
A o " GE—200C CASK

Fig. 7. Rigging Diagram for GE-2000 Cask Lid : : ‘
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NOTE:  ROTATE BRIDLE SLINGS
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_E75 LB
SIN 45°
H = 955 (B

1,350 LB
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A I
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Fig. 8. Rigging Diagram for Transfer-Lid Assembly
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Fig. 9. Rigging Diagram for GE-2000 Shield Ring
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Fig. 10. Rigging Diag‘ram for GE-2000-Cask Liner
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_|D<”__| CONNECT

VALVE B
(RED/BLUE) /
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=—---—_ (RED)
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|

[
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\\
-~
J

a

VENT PORT

CASK CAVITY
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\\> 2

/

KF-25o
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TYPIC

)

//

\/

N

FILTER
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= 10 CELL EXHAUST
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F/ig. 11. Varian SD-201 Pump-Down Setup
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r /CASK OUTER EDGE

NOTE: NUMBERVMARK‘ED ON TOP OF CASK T/P H551—-X

REFLECTS BOLT TIGHTENING SEQUENCE. REV. 0, 7/04

Fig. 12. Cask-Lid Bolt Torquing Sequence
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GUANITY | ITEM NO. NAME IDENTIFICATION QUANITY | ITEM NO. NAME IDENTIFICATION
3 24 | TORQUE WRENCH _| SNAP—ON TOOLS P/N TQP250 OR EQUIV. 1 1 TRALER TRUCKING INC, MODEL NO. TK6OMC—482
= - VERPACK STND | .
1 25 HEX-HEAD DRIVER | SNAP—ON TOOLS P/N SA20A OR EQUIV. 1 2 ARRANGEMENT SEE G.E. DRAWING 101E8756, GROUP 1
1 26| BREAKER BAR 1/2=IN. DRIVE ARRANCENE
1 27 | RATCHET 1/2=IN. DRIVE ' 3 NN SEE G.E. DRAWING 101E8761, GROUP 1
1 28| EXTENSION 1/2=IN. DRIVE, 4—IN. LONG SIAND
1 29| SOCKET 1/2-IN._DRIVE, 374—IN, 6 POINT 2 4 BRACKET SEE G.E. DRAWING 183CB136, GROUP 1
1 30 [ WRENCH 12-IN. CRESENT 2 5 o SEE G.E. DRAWNG 18308335, GROUP 2
! 31| WRENCH 2/16-IN._OPEN/BOX END i3 SHACKLE T=3/6-IN._SCREW-PINSHACKLE
1 32| ALLEN WRENCH | 3/16—3/B—IN. SET L B RE ST CE. DRAWNG 21808106 "PT N1
3 33 EXTENSION CORD | 25-FT LONG, GROUNDED B WIRE_ROPE SEE_G.E. DRAWING21886108,-PT NO. 2
1 34| THREAD LOCK NO INDUSTRIES P/N VC—3 "VERA—TITE" R o RATCHET DURBIN PT NO. DO-CJ 18,00 BARREL
1 35 APE NUCLEAR GRADE TAPE TURNBUCKLE LENGTH X 1.25ZIN. DIA. THREAD OR_EQUIV.
RICANT RATCHET DURBIN PT,NO. DD—CJ-12.00 BARREL,
L 36 R NUCLEAR CRADE LoBRICANT | 1° | tueNBuckE LENGTH X{.25-IN. DIA. THREAD OR EQUIV.
: ; T |OVERPACK SEE GE DRAWNG/10TEB745, GROUP1
4 38 | SUNG 2-IN. BY 8-FT NYLON COVER OR G:f, DRAWING ‘955£219, GROUP{
1 39 | MARKER NUCLEAR_GRADE_MARKER, BLACK ONLY ; OVERPACK SEE ‘G,E. DRAWNG 101E8749, GROUP 2
1 40| SUNG 4-LEG. 1000 LB CAPACITY 12 |ease OR G.6:. DRAWNG 955£219, 6ROUP 2./
L 3[7A CONTANER | SEF GE DRAWNG 1050547 GROUP 17
4 L
: s RE ROP| [ A e PT o
6 N
TE-DOWN
2 17 | oRacker SEE G.E. DRAWING 183CB336, GROUP 3 /
TE—DOWN 7
2 18 | 0OMNL SEE G.E. DRAWING 183C8336, GROUP'4
] 9 JJAM NUT N | 1.95-IN.—4 ACME THREADS. RIGHT HAND
3 0 JAM NI <[ 1.25-IN.—4_ACME JTHREADS, LEFT HAND
21 [YOOL CHEST WcMASTER P/N.6758A13 OR EQUIV.
i 27| WRENCH 7-IN. OPEN END >
) : TURNBUCKLE > 7 z
T ' T 1| 23—| JURNBUCKL SEEGE. DRAWING 166DB051, GROUP 1
-t : =2 \ =~ /
T 1L N T T T
1 " il
|4 y
<yl N
- . Y g i e o Sy ¥ i
Il ]
il
I
|
i
i
il

TRAILER BACK

@) THRoUGH (49

TRAILER FRONT

T/P H550-X
REV. 0, 6/04

1g. 13. Overpack-Cover Tie-Down Diagram
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Appendix A

List of Approved GE-2000 Cask Products

LIST OF APPROVED GE-2000 CASK PRODUCTS

7

This appendix provides a list of approved products that can be used during GE-2000 cask pacKage
activities. Use of these materials on the packaging will not adversely affect the packaging@and/or
equipment and systems in contact with the packaging. Only these materials that have been tested-Can be
used. The use of other materials may be allowed, provided written permission is obtained from GE-VNC,

FaN

ANTI-SEIZE COMPOUNDS | | N\
# Never-Seez Nickle Special (Bostik Div., Black & Decker Corporatlon)
# Fel-Pro N5000 (Fel-Pro Inc., Skokie, I1.)

THREAD SEALANT COMPOUNDS > \ /
# Vibra-Tite (Oakland Corporation/ND Indusmes) m

CLEANING SOLUTIONS
12467, 1C2417 (International Chemical Co. \Phlladelphla Pa:
Van Straaten VLN Van Straaten Divs o\ Castrol Metg\l Workmg Group, Chlcago 1)

)

Turco 4521, Turco 4324, Truce 4324np Turco Products Ine. Wcst minster, Ca.

Radclean RC-8, RC-9, RC-10 (Eplcorn«Lmden NJ

Tergitol NOT
Crystal Green \

H e H = = =3k

MARKERS s NN S
# Marks-A- Lot\(’b/lack on@)\(Carter—s\In{ Co\ Waltham, Md)
# Sharpie TEL Marker\(black) (Sandfozd Corporation, Bellwood, 11)

ADHESIVE TAPES N
# Scotch‘N;. 226 (black), Scotch No. 480 (clear)
# ﬁcotch J0. 483 (black, white, or blue)
# Scotch’No 850 reid whit€, or black)

# Scotch No~5413 (3M Co., St. Paul, MN)

13

SMEARAND WIPE/MATERIAL - |
# Whatman Fllter Paper Cat. No. 1001-042 (Whatman International Ltd., Maidstone, England

#  WYPALLE"X60 Teri Reinforced Wipers (Kimberly-Clark)

Appendix A
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List of Approved GE-2000 Cask Products (cont.) V }

ANTI-C CLOTHING |

# TYVEC labcoat coveralls, Style 01101 (Lakeland Industries Inc.
# Yellow rubber gloves, (Marigold Industrial, LRC Surety Products)

BAGGING MATERIAL |

# Polyurethane, 8-10 mil clear bagging sleeves (FabOhio, Inc.)

# PVC, 8-mil bagging translucent and clear bagging sleeves (FabOhio, Inc.)

SHIELD RING AND CASK SUPPORT | ’ >

# Plywood for cask and lid set down

# Polyethylene Strip Lennite CN-P UHMW static control, guide for cask adapter (Boe decker P]astlcs
Inc. ) .

support L
# Neoprene gasket material to support cask shield ririg on,top of cask lip
# Cask/cask cart polyurethane stabilizing blocks¢ = )

SHIPPING CONTAINERS N ’

# 6061-T6 aluminum basket guide ( -
# 6961-T6 aluminum basket

VENT, DRAIN AND SEAL PORg ; /VENGI‘;P:I E!F:I;T;Tg NG—ﬁl/

# Teflon tape - / \\ \\\\/>

Appendix A
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: 8 ACCEPTANCE TESTS
' _ | AND MAINTENANCE PROGRAM
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e ¢ - .
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Acceptance Tests and Maintenance Program, Chapter 8
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Note: Unless indicated otherwise, all information related to the Model AOS-100A is also applicable
to the Model AOS-100A-S.

The 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 afid tesfing; and)their
components’ materials of construction, respectively.

Table 8-1. AOS Transport Packaging System Dimensions and Cg Locatiorg,—/lxh‘M\odels\

> Dimensions
o (cm/in.)
o
£ Packaging Cask RCalLocation®
Model | © | oD [Height| OD [Heignht 28 v z
28.96 | 39.62 | 17.78 | 22.86 | 4.14” | 1270 | \71.4 | 19.05"| 19.05 | 26.34
AOS-025A i ! - >
11.40 | 1560 | 7.00 | 9.00 | 1.63 | 5.00 157|750 | 7.51 | 10.37
57.96 | 79.25 | 35.56 | 45.727|N8:26 | 25.40~|—511 41.91 | 41.91 | 46.28
AOS-050A n = ~— —
_ 22.82 | 31.20 | 14.00 | 1800 | 325 | 1000 | 1,326 | 16.50 | 16.50 | 18.22
AGS-100A , |115:93] 15850 | 71.12 _|-91.44 N16.51 | 50.80 [~3950 | 91.44 | 89.15 | 80.03
45.64 | 62.40 | 2800 | 36.00, | 650 | 20000 | 8,700 | 36.00 | 35.10 | 31.51
nos100s | m L1152 158.50 |/71.127|>91.44] | 16.51\ 5060 | 3,232 | 91.44 | 89.15 | 80.03
45.64 | 62.40 | 28.00_|/36.00 | 6.50~| 20.00 | 7,125 | 36.00 | 35.10 | 31.51
£OS100A5 | I 115.93 | 158.50 [\71.12 | 9144~ 16,57 | 50.80 | 3901 | 91.44 | 89.15 | 80.03
45.64~.62.40 | 28:00 | 36:00 | 650 | 20.00 | 8,600 | 36.00 | 35.10 | 3151
AOS-165A | 191.26 | 264.16- 117.35N 150,88 | 27.23 | 83.82 | 18,234 |152.40|121.41 [ 121.92
: 7530 [\104,00 | 4620~ 59.40 | 10.72 | 33.00 | 40,200 | 60.00 | 47.80 | 48.00
_ 19126 | 26416 | 117.35/( 150.88 | 27.23 | 83.82 | 15535 |152.40|121.41 [121.92
A0S-1658 ™\ ol M VAl IV’
/ N 75.30, | 104.00- 46.20 | 59.40 | 10.72 | 33.00 | 34,250 | 60.00 | 47.80 | 48.00

a. Al AOiS Trangport bagkagfhg Sys\tem models have dimensions greater than 10 cm (4 in.).

b. Rew\Q@@Gra vity - Model AOS-100.”

8-2 : AOS Radioactive Material Transport Packaging System Safety Analysis Report
for Model A0S-025, AOS-050, AOS-100, and AOS-165 Transport Packages, Rev. B



Table 8-2. Codes and Stan}ia@‘o@esign, Fabrication, and Testing
/ i / Component Safety Group w
/ Contai/n/mer)t/- _|Criticality Other Safety

7

QPrlma /

Vessel ?
Bolts

Y
Piping;.

Structural Neutron
Fittings Supyrt/ Shell, Shielding,
Package and /Str-ucture/ Bolts, Piping ) Heat
Components Closure Prlmary/ Neutrcp/7 Gal/nma and Secondary and Lifting Transfer | Tie-Down | Impact
~or Features Bolts Seal Absor\ber /| Shielding | Closure Seal Fittings Lugs Devices | Devices | Limiters
N . ,
Safety A A T\ 5 A \& B B B A B A
Classification N N :
. Sec< m, |/
B&PV Code Sec. Il Division 3 | DVisiond, / Sec ll, Division 1, Subsections NG and NF Sec Vil
Section Subsection Division 1
v K- )
A _AMS.

Material ' SAE: AMS/ V /

: WB-2000 NG-2000 | T-21014, NF-2000 NF-2000 | NF-2000 | NG-2000 | NF-2000 UG
Requirements ! :

Class 3, .
Forming, Fitting | \yg_4200 NG-4200 NNF4200 NFM200 | NF-4200 | NG-4200 | NF-4200 | UG
and Aligning O S e
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 / / A
N / N
Weld Heat WB-4600 NG-4600 NF-4600 NF4500 | NF-4600,] NG-4600 | NF-4600 | LW
Treatment ( )% / N
Examination WB-5000 NG-5000 NF-5000 I\NF-5000" | NF-5000 |/NG"5000 | NF-5000 | UW/UG
Guidelines Per \_, S Per \
Acceptance WB-6000 ANSI Gamma ASTM Applicable ANSI _ ANSI Pa/r aataph ANSI Per Table
Testing N14.5 | Scan Test Code N14.5 Ni4.e | "2radiEen I\ g6 8.4
B311-2002 8.7
: Standards _ AN
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Table 8-3. Material Selectio:

Tajor Transport Packaging System Components (Typical)

Foam

GP 3700 SERIES

Reference
Component MateriallSelection 15t Alternate Material 2"d Alternate Material Drawing? Item No.
Cask
Outer Shell ASME SA-351/ASTM A351, ASME SA-182/ASTM A182 1
GRADE CF 8 GRADE F304 OR F316 :
Cavitv Shell .ASME SA-351/ASTM A351, ASME SA-451/ASTM A451, 3
ity S GRADE CPF 8
Lid TYPE 304 OR 31€ B 2
N . TUNGSTEN MIL/AMS~<T:
Shielding Material CLASS 3 - 4,8,12
Lid Plu ASME SA-240/ASTM A240 _ 6
9 TYPE 304 OR 316
105E9712G001
Cover Plat ASME SA-240/ASTM A240 _ : 7
° © TYPE 304 OR 316
Trunnion ASME SA-479/ASTM A479 5
: TYPE 316
Bottorn Plate ASME SA-240/ASTM A240 ASME SA- 182/AISTM/A1'82 13
TYPE 304 OR 316 GRADE F304 G)R/ -
Lid Attachment ASME SB-637 UNS N07750 _ 15
Bolts TYPE 3
Port Plu ASME SA-182/ASTM A182 ASME SA-479/ASTM'A479 /. 16
_ 9 GRADE F304 OR F316 TYPE 316
Impact Limiter _
S ASME SA-240/ASTM A240
Shell and Ribs TYPE 304 OR 316 - 1-11
105E9713
POLYURETHANE FOAM _ 12

a. The Model AOS-100A drawings are used for this tabulation.

AOS Radioactive Material Transport Packaging System Safety Analysis Report
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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 Ill, 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«' rocesses,
and design verification. ' i

Table 8-4. Acceptance Test Matrix

A
Model V N
< < < @ @ ‘
| Test Type ‘ =
Materials
Metals v v v
I Foam? - v -
Seal® v v
Weld v v
Materials
Foam® v v v
Weld v (4 v
Seal® v v v
Containment® v v v
- v -
- v -
4 v v
4 v v
a.
e. Pressure tésting at 150% design pressure 10 CFR 71.85(b) [8.1].
f.  MSLD He Test at least 2.00E-08 Std atm-cc/sec sensitivity.
| 9. Performed prior to first shipment or sooner.
.AOS Radioactive Material Transport Packaging System Safety Analysis Report 8-5
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N

Table 8-5. Type 304 and 316 Material Requirements

(15 min/1 in.) of thlckness but notless

than 15 minutes.
All Materials — Alternate quenchl
methods requlre prior AOS approval

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 - /| Fargings )
Suffix Y1 ASME SA-182/ASTM A 182, Grade F 316 - | Forgings /
Suffix Z 'ASME SA-240/ASTM A 240, Type 304 —/ \ \::]ac:%tﬁgeet
. \Plate\Sheet /
Suffix Z1 ASME SA-240/ASTM A 240, Type 316 /\ and Stnp\/
Chemist C < 0.050 (all suffixes) _ ne Chemlcal
mistry n ysrs Requwed -
Modification /
N per Heat
Inventory Material — 1,040°C (1 ,900°F5, \/
minimum, in accordance with the
Base Specification. /\
New Wrought Material — 1, 040 to 1,1497C One per Heat Certification ’
o 4
Heat Treatment (1,900 to 2,100°F) for 15 m|n/25\mm ahd-Heat Treat Lot Statement

- Descaling
(Oxide Removal)

Pickling performed in accordance 7
with Treatment-=Code A of ASTM A380
Other descalmg\methods are permn
wnth prior AOS approval

After final solution

heat treatment

Mechanical Tests

Propertres at Reom Temperagjré,
as required by the Base Specification.

One per Heat
and Heat Treat Lot

After final solution

heat treatment

Hardness Test
RN

Not to exceed RockweII,BQO
per\ASTM A370

One per Heat
and Heat Treat Lot

After final solution

heat treatment

AN

/Sensitization Test\ AN

ASTM A262Practice A - Moditied —
\Matenal having ditching greater than 5%
|s\unac\ceptable Can be waived by AOS
for mat\erial not exposed to reactor water
envir/onments at elevated temperatures
forextended periods of time. Referee
testing, using electrolytic nitric solution,

is permitted.?

Inventory Material —
10% of
Supplied Pieces

New Material —
One per Heat
and Heat Treat Lot

After final solution

heat treatment

N
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Table 8-5. Type 304 and 316 Material Requirements (Continued)

Definition

Requirements

Test Frequency

Remarks

Intergranular
Attack

Surface sample after pickling or if pickling
is not used after final heat treatment —
IGA or pitting in excess of 0.025 mm
(0.001 in.) deep is unacceptable.

Inventory Material —
10% of
Supplied Pieces

New Material —
One per Heat
and Heat Treat Lot

After final solution
heat treatment

and oxide removal
(if applicable)

Non-Destructive
Examination

As required by the Base Specification
and/or applicable ASME Section |
requirements, [8.2] and [8.3].

a. The Referee test for sensitization is used as a second check if the A262 results a '
The 5% ditching acceptance criteria is imposed by GE, and is tighter than A262 n‘
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
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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 BS8RA - Bolting materials
Suffix Y SA-564 Type 630 H1100 - Bar (for bolting)\
Suffix Z SB-637 UNS N07750 Type 3 - Bolting materlals
Chemistr One Chemical
mistry No modification Chemistry, as required Analysis
Modification e !
. by the Base Specification. Required,
(Weight %)
per Heat
One per Hea\
Heat Treatment As required by the Base Specification. and ljeat Cemflcatlon Statement
Tredt Lot \
7 N
One_per Heat N\
. . . After}heat treatment,
Mechanical Tests As required by the Base Specification. and-Heat \per/ASME/S A370
Treat Lot — S/
Z . N <
One per Heat\
Hardness Test As required by the Base Specification. and Heat —After final heat treatment

Treat‘l;ot\

Sensitization Test | Test not required. \ ~ ‘ / -

Intergranular B T~ AOS to approve

Attack (IGA) Appendix A30. /\ \ :A\fsar Pickling sampling plan

Weld Repair Weld repair is not permmed ‘ \/ _ _ '
on bolting materials.

Non-Destructive
Examination

As required By Code and
Appendix A50.

%

100%

8.8
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Table 8-7. CPF-8, CF-8 Material Requirements

Test Frequency

/\

Definition Requirements 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 As required by the Base Specification eis Froue —/—\
Modification ’
o~

Analysis Required
per Heat /

\Ferri’te to ﬁe

Intergranular

Surface sample after piekling or if pickling
is not used afterfinal heat tréatment. IGA

Controlled within the allowable limits of the One Analysis n\m(asured
. Base Specification, to produce a minimum ferrite RequirédperHeat | on anactual
Ferrite Content content of 5%, as determined magnetically by and Heat N\ \castm‘g\,after
Practice ASTM A800, S1. Treat Lot final solut:/en
N heat treatment
SN N !
Solution Heat Treat at 1,040°C (1,900°F), minimufn, | NOneperHeat N L
Heat Treatment . - - . and Heat
: in accordance with the Base Specification. Statement
] Treat Lot p
. Properties at Room Temperature, One per Heat/ After'flnal
Mechanical Tests : T and Heat solution heat
as required by the Base Specification. el
AN Py N Treat Lot treatment
‘ ; : | Ore’per Heat After final
Hardness Test As required by the Base Specification. fnd Heat solution heat
; ‘\ Treat Lot treatment
Sensitization Test | Not required. / \ \ \ - -
\/ Inventory
H 0,
Material — 10% of After final

Supplied Pieces

solution heat
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 PP
\ , Treat Lot
AS requwed by the Base/Specn‘lcatlon Radnography
g::ml.':sz;t:':stlve per\NB 2575 and additional applicable 100% -
requnrements of ASME Section i, [8.2] and [8.3].
\Procedures require AOS approval prior
N\ Buyer
to performance of the repair work.
\/ approval
/Weld Repair T . . - required
Repaws to castings subsequent to solution -
X/ . for repair
\annealmg must be documented and submitted rocedure
to AOS. P
\

7
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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 25°C (7°F) 55t08.0 55t08.0 ,
Cleaning/Surface Chlorine, pom <35 <1 N
Preparation o PP All Materials

- 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 performéd
| by the Fabricator.

8-10 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

. Number of " Nominal ToleranceP . Sample Size
Test Type? Test Description . Samples Value {of Nominal) | Lx W x H (in.)
’ | Each +15%
Density, pcf (kg/m3) 3 20 (320) Increment 2x2x1
+10%
Static Crush Strength, c -
| psi (kPa) 3 Report Value Report Value/
| Flame Retardancy 3 Buinslgngth
in.
Intumescence 2 50%
Formulation Leachable Chlorides 1 1 ppm

Thermal Conductivity,
Btu * in. / (ft°* °F * h)
(W / (m* °K))

. }B.OEdia. x1.0L

| Specific Heat, Btu/hr-°F " As Required
Water Absorption 6x6x3
|
Chemical Composition As Required
Each +15%
Density, pcf (kg/m°) Increment 2x2x1
+10%
» Each £15%
| Increment 2x2x1
Batch +10%
| Burn ength - 0.5x 3 x 6+
in. ,
50% Minimum 2x2x2
1 ppm <1 ppm 2x2x2
AOS Radioactive Material Transport Packaging System Safety Analysis Report 8-11
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Table 8-8. Packaging Polyurethane Foam Testing and Sampling Plan — Model AOS-165 (Continued)

Number of Nominal Tolerance® Sample Size
Test Type? Test Description Samples Value (of Nominal) | Lx WxH (in.)
: . Each £15%
Static C;Lix?:PSat)rength, 3¢ TZf)fIZ'ré?Q Increment 2x2x1
p » +10%
Pour
Each +15%
Density, pcf (kg/m?) 3 20 (320) increment |~ 2x2x 1
: +10% /

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 safmp
indicated tolerance applies to the numerical average result of the samples. For exa
result must be +20% of the nominal value, and the average of the samples must be : N \a va

c. Three (3) samples are tested at each of the following temperatures — -40°C,"24°C, and\1 21°0 (- 40°F 75°F
and 250°F, respectively) — at strains of 10%, 40%, and 60%, in each dlrect/on\ParaI/e/ to Dlrectlon of Rise
and Perpendicular to Direction of Rise. /\ \ ~ o

d. Three (3) samples are tested at 24°C (75°F), at strains of 10%,40%, and 60% in.each-direction;
Parallel to Direction of Rise and Perpendicular to Direction of, R/se

< 812 AOS Radioactive Material Transport Packaging System Safety Analysis Report
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Table 8-9. LAST-A-FOAM FR-3700 Series Static Crush Strength Nominal Values

-20% 745

-15% 791

Nominal 931
15% 1,071
20% 1,117

Assembly

Component Surface

Weld

a. Containment boundary only.

I
I
|
| | Subassembly
I
I
| b. Hydrostatic test is performed.

Table 8-11. Design Verifi:c: :ti:onn Tlest Matrix
Leak ANSI N14.5 - 1997 [8.5]

‘ . 7-KW heat source in cask cavity
ljliermal trapsmission with axial, radial, and ambient

Engineering Specification temperature monitoring to steady
state and cool down.

MSLD - Evacuated envelope
with back pressurization.

Hydrostatic Test at 150% design
pressure.

ASME WB-6200

’S’-m (30:ft.) Free-Drop N

. . - Free drops on head-on, side,
I 4. Impact ':)eris;m atl?iroe::as 3) Engineering Specification and Cg/Corner orientations.

5. Containment Leak ANSI N14.5 - 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.
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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, locatedin 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 Ilqurd penetrant tested (roet and
final passes). Also, the weld within the containment boundary must be uItrasonlce{IIy and, liquid-pénetrant
tested. These inspections are performed to ensure that no cfacks, mcomplete\ 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-165 transport package has the option of two 2) weld configuration.types:
« Circumferential, ASME Code type A weld/w
- » Corner, ASME Code type C weld
The Model AOS-025, AOS 050, and AO}1 00 transport\packages use only the corner type C weld.

When the type A weld is used for t %Mod/e -AOS- 165 transport package, the required X- ray examination
of the weld is replaced by an Ultra 6nic Test (QJT) rper-ASMé\Code Case N- 659 [8. 4]. Weld configuration

types are discussed in Chapter 4 Subsect ron/ 4.1.1, “Containment Boundary.”.

8.1.3 Structural and-Pressure-Jests

In addition to the test described in Subs;e\ction\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, Sect|on\|ll of the/ASME\g)de [8.2] and [8 3]. The Test Pressure is 1.5 times the size of

the De3|gn Pressure

8.1.4 keak\Tests\

The asse'mbgc\i cas\k is\leak-tested, by pressurizing the cavity to 1 atmosphere above the background cask
cavityswith helium whenthe cavity has been evacuated. Leak testing of the vent port plugs, drain port
plugs, and Iid\seal is performed, using an MSLD with a sensitivity of <1 * 10" 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®/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.
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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,‘fs';beeiﬁéation 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 tesied under the

temperature environments listed in Table 8-12. /\

The seal material is mounted in a test flange, and leak-tested ylth aQ MSLP, Seal material exceeding the
allowable leak rate is rejected. The test flange/seal assembly/matches th ce > per’inch 6n the seal, and
the flange stiffness to that of the actual joint in the cask. Inmal seal quahflc\anon test results are presented
in Chapter 4, Appendix 4.5.1, “Helium Leak Qualificati 1 Test of Garlock—~Helicoflex H309352
and 309353-5.” The test reported in Appendix 4.5. 1/was perfol -to_demonstrate that the selected seal
matenals are able to perform at their temperatu 1t sed™to qualify the seal joint. The

Maximum

°C

8.1.6 Shielding Tests

The’AQS Transport P %aglkg System uses either tungsten alloy or carbon steel as its shneldmg material.
Cénflrmmg\th\e\ den\sn /ach piece or component provides the necessary inspection process for the
shleldlng attribute of these materials. In addition, prior to the first use of the transport package, a Co-60
source |S\placed m5|de the cask cavity and its outside surface is surveyed with a gamma detection
N NS
instrument. Equally¢spaced meridian and circumferential lines, along the vertical axis, divide the outside
cask surface in"gpproximate 10 x 10 em (4 x 4 in.) squares. Dose rate readings are taken over each corner
and center oLthe 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.

°F

800
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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 withinthe c@cavit/y, on
exterior surfaces of the cask, and in the environment surrounding the cask. The heat sourcéiszturn}ad on to
a value equal to or greater than the decay heat value of the radioactive sour‘ee\ proposed for<he cask.
Temperature data is recorded at a minimum interval of one (1) minute during the transient eventuntil the -
cask reaches a steady state and remains significantly unchanged for approximatel‘y\one (1\) houry This

completes the “heating cycle.” Thereafter, the heat source is turned.off, to all\ow the cask to cg/ol/down.

| The “cool down cycle” is also recorded, as in the previous cycle. w

Gl
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