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GENERAL INFORMATION

1.1

1.2

Introduction

The Model CNS 6-80-2 packaging is a reusable shipping package
developed as a safe means of transporting Type A" quantities of
radioactive materials meeting the definition of "Low Specific
Activity." Fissile material is limited to those exempt quanti-
ties licensed under 10 CFR 71.7. Authorization is sought for
shipment by cargo vessel, motor vehicle and rail.

Package Description

1.2.1

Packaging

The package consists of a one-inch (1-1/8" for casks
fabricated after October 31, 1980) external steel shell
and a 3/8-inch internal steel shell. The annulus
between sheels is filled with 4-1/4" of lead.

Equivalent lead shielding is 5.00 inches for Cobalt 60.

The top and bottom of the cylindrical cask are con-

structed from a pair of stacked four-inch thick steel
plates. The removable 1lid is secured to the cask body

by eight 1-1/4" studs with nuts (or bolts). A 29-inch

diameter secondary cask lid is located in the center of

the primary 1id. It is secured to the primary lid with_%

eight 1-inch studs with nuts (or bolts). Throughout
the rest of the SAR, use of the term studs is meant to
include bolts also.

Both 1ids on Model CNS 6-80-2 (see Drawing No.
C-110-D-0028) are sealed using silicone gaskets bonded
to the 1id plates. The secondary 1id has a redundant
neoprene seal. Both 1lids on Model CNS 6-80-2 are
sealed using a double O-ring configuration as shown on
Drawing No. C-110-D-0020, Revision -. All joints are
arc welded.

A drain line at the base of the package penetrates the
containment vessel. The drain line is sealed with a
1/2-inch NPT pipe plug.

All internal cask surfaces are lined with light gauge
stainless steel to facilitate decontamination.

The internal cask cavity dimensions are 59" in diameter
and 58" high. The cask is used to ship disposable
steel liners and 55-gallon drums.
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Tie-downs and lifting devices are structurally part of
the package and are shown on the general arrangement
drawing included in Appendix 2.10.1.

Materials of construction are given on the drawings in
Appendix 2.10.1. Mechanical properties of materials
are given in Section 2.3.

1.2.2  Operational Features

Refer to the General Arrangement Drawing in Appendix
:2,10.1. ‘There are no complex operational requirements
"associated with the package.

1.2.3 Contents of Packaging
" The contents of this cask will consist of:
(1) Type and form of material

(i) Greater than Type A quantities of radio-
active material as process solids, either
dewatéred, solid, or solidified, in
secondary  container(s), meeting  the
requirements for 1low specific activity
radioactive materials as defined in 10 CFR
71.4(g)

(ii) Greater than Type A quantities of radio-
active material as activated solid com-
ponents meeting the requirements for low
specific activity radioactive material as
described in 10 CFR 71.4(g).

(2) Maximum quantity of material per package
Not to exceed 60 thermal watts of radioactive
matefial. The contents may include fissile mate-

rials provided the mass limits of 10 CFK 71.7 are
not exceeded. ’

1-2




2.0

STRUCTURAL EVALUATION

This section identifies and describes the principai structural enyi-
neering design of the packaging, components, and systems important to
safety in compliance with the performance requirements of 10 CFR 71.

2.1

2.2

2.3

Structural Design

2.1.1 Discussion

The principal structural member of . the Model CNS 6-80-2
package is the primary containment vessel or transport
shield, as described in Section 1.2.1. The above
components are identified on the drawing as noted in
Appendix 2.10.1. A detailed discussion of the struc-
;tural design and performance of these components will
be provided below.

2.1.2 Design Criteria

The design loads used for this safety evaluation are
those specified by 10 CFR 71 for Type “A" packagings.
Acceptance criteria of 10 CFR 71 require that shielding
and containment for the package be maintained.

Weights and Center of Gravity

The weight of the cask and liner (or payload) will not exceed
51,500 pounds. The cask weight is approximately 44,000 pounds.
The center of gravity for the assembled pachage is located at
the approximate geometric center.

Mechanical Properties of Materials

The Model CNS 6-80-2 packaging uses an outer and inner shell

‘fabricated of various thicknesses of low carbon hot-rolled steel

conforming to ASTM A-36. For casks fabricated after October 31,
1980, low carbon steel shall conform to ASTM A-516, Grade 70.
Both yield and ultimate stresses of A-516, Grade 70, are
slightly higher than those of A-36 (5% greater yield; 20%
greater ultimate). . For conservatism, the lower A-36 values are
used for analysis "throughout this report. Specific properties
are as follows:

Per MIL-HDBK-V
Ftu = 55,000 psi
Fiy = 36,000 psi
Foy = 35,000 psi
Fporg= 90,000 psi

2-1




2.4

Lead shielding will possess those properties referenced in
ORNL-NSIC-68, Table 2.6, Page 84. '

Lid studs are all of SAE Grade 5 quality possessing the follow-
ing properties, per ASTM A325 and A449: -

lll 1_1/4"

Proof ‘Ioad: 78,000 psi 74,000 psi
Tensile Strength: 115,000 psi 105,000 psi

Tie-down 1lugs are fabricated of U. S. Steel T-1 material
possessing the following properties per ASTM A-514:

2'' Plate
 Ftu = 115,000 psi
Fty = 110,000 psi
‘Fgu = 65,000 psi

General Standards for all Packages

This section demonstrates that the general standards for all
packages are met.

2.4.1 Chemical and Galvanic Reactions

The materials from which the packaging is fabricated
" (steel and lead) along with the contents of the package
will not cause significant chemical, galvanic, or other
reaction in air, nitrogen or water atmosphere. o

2.4.2 Positive Closure

The positive closure system has been previously
described in Section 1.2.1. In addition, each package
will be sealed with an approved tamper indicating seal
and suitable locks to prevent inadvertent and
undetected opening.

- 2.4.3 Lifting Devices

Three 1lifting lugs and four tie-down 1lugs are pro-
vided. The package can be lifted by either the lifting
or tie-down 1lugs. The 1lifting lugs are primarily
designed for lifting the 1id only; however, for conser-
vatism, it is assumed the total package is lifted via
these three lugs. The lug load is calculated as:

2-2



PL = Wag/N; where: W = Package Weight

ag = load Factor
» _ N~ = Number of Lugs
P, = (51,500)(3)/3 = 51,500 1bs.”

The capacity of the lug can be determined from the fol-
lowing: '

4: I’/1."

A

A W W W W N

— 4 —

Using the standard 400 shearout equation:

Pa =2 Fsut [ed‘g_ coS 400]
2 2 '

= (2)(35,000)(1.5) 1.5 - .75 cos 40°
= 97174 1bs.
The shearout margin of safety is:
M.S. = (97174/51500)-1 = #0.87
The capacity of the llug-to-lid weld may be estimated as:
Pa = Fsuhy Ay = 1(tn)
1 =2(4 +1) = 10"
tp = a/z294J2 = 0.707  ("V" weld)
Pp = (35,000)(10)(.707) = 247487 1bs.
The lug-to-1id weld margin of safety is:

M.S. = (247487/51500)-1 = #3.81
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When lifted by the 1lid lifting lugs, each primary and
secondary 1id stud is exposed to a load of:

Pg - Wag/N;' Where: W = Package Weighp_l

ag = Load Factar

N = Number of Studs
Pg = (51500)(3)/8 = 19313 1bs.

The tensile strength of the smaller secondary lid studs
(1-8UNC, SAE Gr. 5) is:

Pp = FtA = (115,000)(.563) = 64745 1bs.
The secondary 1id stud margin of safety is:
M.S. = (64745/19313)-1 = +2.35

loads from the lifting lugs are distributed to tne
secondary 1id where they are reacted by the eight
1-inch diameter Grade 5 studs. The secondary lid nwust
react these loads by plate bending. From the sketch
below, it can be seen that the bolts tend to "fix'' one
end of the plate while the attachment to the two 4-inch -
plates provides the other fixity.

= |
V I e
7//4//'/@//////4

el
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Bending sti'ess is given as:
£, = 6P(L/2)/nDt2
= (6)(51500)(3)(2.43/2)/w(34.25)(1)2

10467 psi

M.S. = (36000/10467)-1

M.S. = +2.43

1f for conservatism the same analysis was Tepeated
assuming no fixity of -the bolts, the stress would be:

i fy = 20034 psi

M.S. = (36000/20934)-1

}'1.So = +.71
Lifting loads from the 1lugs are distributed into the
top plate and the lower four-inch plate by means of
plug welds adjacent to each lug as well as a full
perimeter weld. Conservatively, assume only the plug
welds as being effective. Capacity will be:

P = FeA

36000 psin (1)2/4 inZ

28274 1bs./plug weld

The margin of safety is:

M.S. = [(6 welds)(28274 1bs./weld)/(3 g's)(51500 1bs.)]-1
M.S. = +.10
Ultimate chacity of the plug weld is given as:

Py = FruA
(55000 psi)(m)(1)2/4

43197 1bs./plug weld

or

86394 1bs./lug
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2.4.4

This load is (86394/51500 .or) 1.67 times greater than

* the maximum 3g load condition. At loads greater than

this, the one-inch -thick top plate will locally shear
from the lug, out to the adjacent studs, This will
leave the primary seal area uneffected -and have no
detrimental effects on the packages ability to react
other requirements of the subpart.

'Iherefore.,-it can concluded that the 1lifting points are
more than capable of reacting a load equal to three
times the package weight. '

Tie-Downs

Four tie-down lugs are provided to resist transporta-
tion induced loads. The applied load factors are:

ay = 10g (longitudinal)

ay = 5g (1ateral)

az = 2g  (vertical)
Fach of the tie-down 1lugs is located at a 23° angle
with respect to the longitudinal axis of the vehicle.
Fach tie-down cable is presumed to be aligned with the

tie-down lug in a plane at a 23° angle witn respect
to the longitudinal vehicle axis. The cables are

assumed to be tied to the vehicle bed four feet each

side of the vehicle center line. The following sketcu
illustrates the geometry of the tie-down scheme used
for loads evaluation.

2-6
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4:475 =37 . ‘

I :
N - ; )

The tie-down cable geometry may be summarized:

Direction Length Direction Cosine
‘Longitudinal  1x = 77.99 By = .802920
lateral 1y = 33.10 By = .340819
Vertical 1, = 47.5 By = .489041

A vertical load produces a cable fdrce of:
Py, = Waz/4Bz; (4 cables acting)

A longitudinal load factor produces a cable force of:
Prx = Way/2Bx Ec)/ (hﬂ; (2 cables acting)

Similarly, a lateral load factor produces a cable force
of:

Pry = Way/ZBy((c)/(hﬂ; (2 cables 'aqting)

For conservatism, these three loads may be assumed to
coincide for the most geverel loaded cable: :

(o A
s W + +
Pr 2}1‘5;.), I8,

2 37 (10 .5 2
(51500) [mm(-srm -zm)"‘m—ﬁm:)

= 596726 1bs.
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2.5
2.6

The capacity of each lug can be determined from the

following:
4” 2 < ol
_ w2 Material:
Y Z. T
_};“ 7 A U. S. Steel T-1
| : ' Fu = 115,000 psi
i g :
2" — 0\ 7 Fiy = 110,000 psi
\___./__l.

Fgy = 65,000 psi

Using a 40° shearout, the lug _éapacit}' is:
Ps = Fsytfed - 5 cos 400)
= (2)(65,000)(2)(4 - 3 cos 40°) = 840,828 Ibs.
The capacity of the lug-to-cask weld is:
Py = FsﬁAw; Ay = 1(tp)
1 = 2(16 + 2) = 36"
ty = M J2/2 = .70 (Fillet)
Py = (35,000)(36)(.707) = 890955 1bs.

Thus, the minimum margin of safety is associated witn
shearout and is computed as:

_[840828)_ 1 =
M.S. (§§6"ﬂ6 1 = +0.41
Therefore, it can be concluded that the tie-downs are
able to react a load greater than the combined 10, 5
and 2g tie-down loads. Should the tie-downs experience
loads greater than 840,828 1bs., the lug will locally
shearout. This will not impair the cask's ability to
meet other requirements of the subsection.

il

Not Applicable

Normal Conditions of Transport

The Model CNS 6-80-2 packaging has been designed and
constructed, and the contents are SO limited (as described in
Section 1.2.3) that the performance requirements specified in 10
CFR 71.35 will be met when the package is subjected to the nor-
mal conditions of transport specified in Appendix A of 10 CFR
71. The ability of the Model CNS 6-80-2 packaging to satis-
factorily withstand the normal conditions of transport has been
assessed as described below:
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2.6.1 Heat

A detailed thermal analysis can be found in Section 3.4

‘wherein the package was exposed to direct sunlight and
130°F still air. The steady state analysis conserva-
tively assumed a 24-hour day at maximum solar heat
load. ‘The maximum steady state temperature was found
to be 1740F, These temperatures will have no detri-
mental effects on the package.

2.6.2 Cold

The materials of construction in this package are
jdentical to those approved and used in numerous exist-
ing licensed packages. All of the following utilize
-the same materials:

1. DOT 6400 Super Tiger

2. DOT 6272 Poly Panther

3. DOT 6679 Half Super Tiger

4. DOT 6553 Paducah Tiger

5. DOT 6744 Poly Tiger

6. NRC 9069 - Model MO-1 Overpack
7. NRC 9073 - Model OH-142 Cask

Therefore, on the basis of years of actual operating
experience it is safe to conclude that cold will not
substantially reduce the effectiveness of the package.

2.6.3 Pressure

A differential pressure of .5 atmosphere will be
reacted by the 1id and its associated stud closures.
Loads on the 1id studs are calculated as:

2
Pg = Ap/N; there A = Qt%—

p = 14.7/2 psi

N=28

'L

For the secondary lid studs, the load is:
con 2
ALE) lj(14.7)1 _
Pg -[: 7 5= 607 1bs.
The tensile strength of the 1-8UNC, Gr. 5 studs is:
Pp = (115,000)(.563) = 64745 1bs.
Thus, the margin of safety is:

M.S. = (64745/607)-1 = +Large

2-9



For the primary 1lid studs, the load is:

B T o [(¢38)) Te ) NS
Ps -[‘Ln_l4 j(’TTZ ))% = 2576 1bs.

?he tensile strength of the 1-1/4 - 7UNc;'Gr; 5 studs
is: -

Py = (105,000)(.907) = 95248 1bs.
Thus, the margin of safety is @

M.S. = (95248/2576)-1 = +Large
Stresses induced in the cylindrical portion of the cask
‘are conservatively estimated by assuming. the pressure

differential is totally borne by the 3/8-inch thick
inner shell. The hoop and longitudinal stresses are:

£, = PR/t = HZZ) ‘_59/2) = 578 psi
hy = PR/2t = (HZZ)(S—%%)(%) = 289 psi

Assuming these biaxial stresses are additive,

Fpax = 867 psi
The margin of safety is:

M.S. = (36000/867)-1 = +Large
Pressure across the end is carried in plate bending by
the 2-4 inch thick steel plates top and bottom. Assum-
ing a circular plate, uniformally loaded and with edges
simply supported, the stress can be calculated as
follows:

£r = 3W(3M + 1)/8Me2 (per "Formilas for Stress
wtt and Strain" by Roark)

vhere: W = (7.35)(r)(70.25)%/4 = 28489 1bs.
t = 4"
M =1/.33=3
(3)(28489)(10)/87(3) (16)

Hh
Lo ]
]

fr = 708 psi
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2.6.4

2.6.5

2.6.6

Margin of safety:
M.S. = (36,000/708)-1 = +Large

It can, therefore, be concluded that the packaging can
safely react an atmospheric pressure of .5 times
standard atmospheric pressure. '

Vibration

Shock and Vib_ration normally incident to transport are
considered to have negligible effects on the Model CNS
6-80-2 packaging.

Water Spray

Since the package exterior is constructed of steel,
this test is not required.

Free Drop

The Model CNS 6-80-2 shielded cask with payload weighs
51,500 1bs. Appendix A.6 of 10 'CFR 71 prescribes a
drop height of one (1) foot for packages in excess of
30,000 pounds. Three drop orientations are possible:
flat end drop, side drop and corner drop. For the flat
end drop, the most critical condition will be set-
tlement of the unbonded lead shield at the end opposite
the point of impact. For the side drop, no closure or
containment components are significantly stressed or
deformed. Consequently, the side drop case need not be
evaluated. For the corner drop, the most critical con-
dition will be 1id closure.

2.6.6.1 Flat BEnd Drop

The evaluation of flat end impact upon set-
tlement of the lead shielding closely fol-
lows Shappert's approach for a cylindrical
shield, outlined in Section 2.7.3 of his
Cask Designer's Guide, ORNL-NSIC-68,
~Pebruary 1970. The lead settlement distance
is given by:

2-11



AH = RWHAI(RZ - 12)(tgoq + Ropb)
Where:

AH = Settlement Depth (in)

Drop Height (in) |
Oouter Lead Radius (in)

H
R
W

Weight of Lead (1bs)

r = Inner Lead Radius (in)

tg = Thickness of External Steel Shell (in)
og = Steel Dynamic Flow Stress (psi)

opb = Lead Dynamic Flow Stress (psi)

For the CNS 6-80-2 shielded cask, the vari-
ables are:

H = 12. inch

R =59/2 + .375 + 4.25 = 34.125 inch

r =59/2 + .375 = 29.875 inch

1 =58+ 8-1.25 = 64.75 inch

p = .410 1bs/ind

W =(R2-1)pl= 22685 1bs.

tg = 1 inch

og = 45000 psi

opb = 5095{ psi

The predicted lead settlement is thus:

AH = (34.125) (22685) (12) = 0.050 inch

of(34.125% - 29.875%) [(1) (45000) + (34.125) (5000)]

2-12



2.6.6.2

This modest settlement 'void" in the lead
shield cannot transmit radiation because of
the stepped design of the package ends. The
innermost four-inch solid steel end plates
completely back (shield) lead settlement
regions at both ends of the package. Thus,
lead settlement due to a flat end drop does
not compromise, nor alter, the integrity of
radiation shielding in any fashion. ‘

Corner Drop

The impact energy associated with a corner
drop will be absorbed by inelastic deforma-
tion of the steel corner. Using the
tdynamic flow pressure" concept, total
deformation of the corner is estimated and
used to compute package deceleration. This
deceleration is then used to check the
integrity of the lid closure.

The volume of deformed steel is estimated by:

K.E. = WH
K.E. = 0gVg
Thus:
Vg = WH/og
Where:
K.E. = Kinetic energy of drop (in-1b)
W = Package Gross Weight (1b)
H = Drop Height (in)
og = Dynamic Flow Pressure of Steel
(psi)
Vg = Volume of Deformed Steel (in3)

The volume of deformed steel is thus:

Vs =L5—1-§g%§1—2)- = 13.733 in3
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Deformation associated with this volume can
be estimated from the following geometric
expression for a truncated cyhnder.

3 2 2 ’
. t r°t TR -1/r
ZsmaE{ —-Z-—T-z-sm ﬁ ]
(RZ R

2 =
T ) » T = S1n a
Where:
S = impact deformation

R

radius of package = 35.125"

angle between package botton and a
horizontal plain = 43.5°

o

For a volumetric deformation of Vs =
13,733 1n3, the corresponding corner
deformation is found to be:

S = 1.26 inches
The corresponding deceleration for an impact
force which increases with deformation may
be computed as:
Ag = 2(H/8) = —(-%l—%ﬂ 19.1g's
hhere:

Fis = Wi ag sin a

Fic = Wj ag cos @ =

T, total package

i

C, cask side and bottom
= P, payload
L, lid

‘vt = PJC + Wp + wl
Lid/Cask Binder Forces

==
n
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. ' External Equilibrium
/ Forces - Corner Impact

Cask Fregbody

’/Ftc
RS Lid Freebody
lc \Fts

Fee

Internal Equilibrium
Forces - Corner Impact
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This deceleration imposes loads upon the
primary 1id closure bolts as illustrated in
the sketch on the previous page. The total
primary 1id closure load may be estimated as:

R = Ftc - Fee = Fic + Fpc
= (WL + Wp) ag cos 43,50
= (7300v+ 7500)(19.1) cos 43.5° = 205049 1bs.

Since there are eight primary 1id closure
studs (1-1/4-7UNC, SAE Gr. 5), each stud
load is 25631 1lbs. The tensile strength of
the stud is: :

p =o(A = (10500)(.907) = 95235 1bs.

Thus, the margin of safety of the primary
1id studs is:

M.S. = (95235/25631)-1 = +2.72

The secondary lid closure studs are examined
in a comparable fashion. Conservatively,
the total payload mass of 7500 lbs. is
assumed to be reacted by the secondary 1lid
studs. Thus, the total secondary 1id stud
load is estimated as:

R = (W, + Wp) ag cosa
(2000 + 75000)(19.1) cos 43.50 = 131619 1bs.

Since there are eight secondary 1id studs
(1-8UNC, SAE Gr. 5), each stud load is
16,452 1bs. The tensile strength of the
stud is:

o~/
"

FeA = (115,000)(.563) = 64745 1bs.
““fhus, the margin of safety of the secondary
1lid is:

M.S. = (64745/16452)-1 = +2.94

[ ——

Therefore, it can be safely concluded tnat
the package can survive a normal corner drop.

Detrimental effects resulting from a corner or side

drops are limited to the closure areas. both primary
and secondary lids are deeply stepped and manufactured

2-16



from solid steel plates. From the drawing, it can be
seen that the primary lid is designed to be flush with
the external edge of the cask. The side impact loads
produce lateral shear forces that are reacted in direct
compression of the lapped joint. Folts securing the
primary or secondary lids are not required to react
this shear force since the radial clearance with their
hole is greater than that of their stepped 1id, i.e.,
1id bottoms out before bolts contact. ‘This joint
design is identical to the one used 1n the (11-142 pack-
age, Certificate of Compliance. Number 9073.

Fach stud is threaded into the top closure ring and
high strength doubler. Total thread engagement
includes .75 inches for the closure ring and 1.75
/inches into the doubler. Recommended thread engagement
is that equal to the thickness of a heat treated nut of
the same tensile strength as the stud. Minimum thick-
ness for a 1-1/4UNC Heavy Hex Mut is 1.250 in. (max.),
per Machinery Handbook. Since the doubler is manu-
factured from a material of greater strenygth than the.
stud, the following conservative margin of safety can
be calculated.

M.S. = (1.75 in./1.25in.)-1

M.S. = +.40

Ej/g .

US7i ZTEEL
£ = 115600 7S/
27X ZWx 4L
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From the figure on the previous page, tear out or shear
strength at the closure ring is calculated as follows.

Conservatively assume that the closure ring welds are
effective only out 4 inches on either side of the stud
center line. :

Py = Fsuhweld

Where:

Fsy = 35,000 psi

A1 = [(3/4)(.707) + (3/8)] 8

= 7.24 in2
P, = (35,000 psi)(7.24 in2)
P, = 253,470 1bs.

Margin of safety:
M.S. = (253,470/25,631)-1

M.S. = +large

Therefore, it can be concluded that both the stud and
its attachments are capable of reacting tne normal con-
dition loads.

For end drop conditions onto the secondary lia, impact
energies will be absorbed primarily by crushing of the
top lifting 1lugs. From the drawing, it can be seen
that the 1lug is chanfered and has a 1-1/2" diameter
hole. The effective area can be approximatea DY the
following:

Ae = (3 lugs)(1-1/2 in. thick)(4 - 1-1/2 in. wide)
Ae =11.25 in.2

Fron the standard energy relationsnips, tne crusi deptil
can be calculated as follows:

¢ = (51,500 1bs.)(12 in.)/(110,000 psi)(11.25 in2)

t = .50 in.
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Acceleration is given as:
Ay = 12 in./.50 in.
Ay‘= 24 g's o
NOTE: THIS IS A CONSERVATIVE ACCELERATION SINCE IT
DOES NOT TAKE INTO CONSIDERATION THE SPRING OR
ELASTIC DEFORMATION OF THE LID.

The total load transmitted to the secondary 1lid is
given as:

P = (51,500 1bs.)(24 g's) = 1.236 x 106 1bs.

This load must be reacted in directed compression by
the seal spacer block. Commpressive stress in the
block is:

£, = (1.236 x 106 1bs.)/(.50)(x) (30 in.)

fy = 26,200 psi
Margin of safety:

M.S. = (36,000/26,200)-1

M.S. = +.37

Therefore, it can be concluded that the spacer blocks
do provide protection to the seal.

2.6.7 Corner Drop

This requirement is not applicable since the Model CNS

6-80-2 packaging is fabricated of steel.

2.6.8 Penetration
From previous container tests, as well as engineering
judgement;,“ it can be concluded that the 13-pound rod
would have a negligible effect on the heavy gauge steel
shell of the cask.

Hypothetical Accident Conditions

Not applicable for Type "A" packages.

Special Form

Since no special form is claimed, this section is not applicable.
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2.9

2.10 -

Fuel Rods

Not applicable.

Appendix - |
2.10.1 General arrangement drawing of Model CNS 6-80-2 packag-
ing.

2-20



W F TYNOUDYH

SNOISNSAIG 430 G AW¢Y 10N 4200

TR0 T 201ANY MG INOR  ¥X 230
Foor Dag . ¥ 0 0s0

" LNld I1¥DS LON-0Q
ERHON) N1 T SNOHamNAa
TL0N GRAVAHLID SIATNN

A Epmg e

LTI AR TR

i [wan| -
‘3730 LiG V. WISV IVHALYN <)
Lo 3 AW ahooss erd <]
<1
TEILON

<% IVI3d 3/003D BNI-O

SN OPI S IV |

Tl

S77d ¥ dAL-dO IR INNI-H1 dUL¥ BT BN

d Gy

<E)s21a 21 dAL-9Vp ERZ L

: <] ewaq aAcoND. o z !
WIBILYW ' ING) SL2° *.°Q°102'29 ‘ONIA-0

quialvW INOIVUSSMSLE® % Q' S#°O9 *ININ-O
$57d ¥ AAL- 30K UIO Vel

OVLNOIY SNTd T 0. WWINIW,
e . X30N WG 3t

'

D TV L 3G Loom
' . via ¥¥¢
<% (V130 "IAE0ED: DNIY:O 33S) . .
WREALEN MONST  (TUNQILI0) dia .wun
MGLT X "G 2HOF ‘ININ-O “US 6 W 2)
RO I tig 1g-
<E]tvlEAq! 3AC0XD DNIFQ 338) — via 62~
i DHILUN INOIIS aro Ll e ave L :
mGLZ % Q') 26'1E "SNII-O T _l 7
S | T¥NOILEO)

(IVLIQ RADOND INIAD 33T

i

<Z5] G200-C0112 ‘0N PNG TSN HONZNZ4T)

80d 2 dAL

119°9 38NV 21

1

.da1* INNB-) YL ¥ TWad

£-100-009 W25-0-LY1S
ANNHZ- § M3NIS dVD "OH XIH

$9z aaL 7] 83 Z.dAL |
Nld DNIXIANI ¥1a | , T ¥
v - wia E1p -
§ .
™
2w
v - S _ s - | Z P
R



gy __ T | £ | v S | y _ - _

DL "0§9 " STS/-HLSY 0L RH03400 TIVHS 31¥]d TIV'08bI 162860130 aty

2 40 ) iaang | —— _1u JAALONJ 385 :vas \.t&“\\
¢ -gz200-a-011-J ]d " gy-HISV
v —_— a9 0L 100D SIQVIE 3 3LYd MITLS P
BTy 10h HOTVD W01 “IVINALW, N
. IS T-1 'S0 FWINAW

ERDIGNINIA "da¥ OL A1ddY 10N §300

2-08-95N) 13GOW
MGYD.  ONIAdIHS V. IdAL

@/3T TYHOLOVI ¥ oaa o .
Te/L ¥ '00TGNY VIDTIOH 3 "3id . - ! LW ~_o=<‘..=u__uwmwu._““w.<4.m.._ zmw I A ,
y-y Nouwoas -t 1 .

. q\

Fxxxr 930 F XX 030
“ON) 'SWILSAS EVTTIAN-WIHD svavs AN Y i > Jz;o/\ - ¢ JEHT%

cgi@| LanHdS ‘d
v uavvol

“NOIS QB ‘._._m—IZ_ oL a3ainwd
IS NIVHS SAVIANS AoALx3 k]
00STS 1N SSOU3
OGN0 AN
000t 31K ¥V
N0 DIBEEY S
“SHUVIN LNZWNBITY 0L
. AN3oVROY T HOVIND (G GRINNG SOMUEZ
- ¥AGSYONA (V3NN ATV OL SIS TV TRISH! <]
.

“ON N384 QULON IBIAUINIO SIAWN

S st ﬂl -

TR “ON AHY4 MO IWIILYI 1 MOLLINO§3T | o [wau

g-viaa HLTK ETIVISHI 5 3N 3'VS 91 %0 X3 X8
4GNS ¥ “OH “XIH 39 TIHS AGHL ‘HOLAVOOT SIHL-

}1 SIS 0L WIEAO SV BSH V- SES VD "0
A 41 SOALS 0L WHOILD KBS 0K K <Ly

L+ Su3eYANM LSS
007 HUIA QITIVISK] °S 30vid “3°Y'S 91 %C.

2 SIAS €, =

XU R i |

! . .“:%wzmuw___mv e | X.3N0 8T K335 42 “OH "X3H 38 TS AZL-
J “NOIIVI07 SIHL NE SONLS OL WOLLH0 SY @3S0

[ . : _
1
1 “ S : 20 _
H L 24 13vos : i s -
| INSA : .mwm:m<>>k<._u ANV “SYHSYIIIT A
i
_ i
S _
_ W
1708 417 *SEUS 01 WHOLL KIS ‘0 "EH A‘
|-
\

et — e s T 2

3 (532v1d 21 dAl £ o .

- D1y Ex 2 .tj.w / \\ 8 ; J- w930

[ J N A ) AL i i
A g z : ) _

viQ 62 P
a3y Q3INivd Sals Na

SWvas xmmE<._.'_.rz< JAVH OL SaI'T Hioa. 6
(LB 3AOAY. Q,LNOD SBAON)" '

QIS 03 O E dAL
3100 via £
(st =28 N
AIVHE HIDNTT s MNIW) A.
e <t g 7 - FT0NID 1109 de D YV NO

aAL NMT TR = N \\ . nd v d da(z x ONOL-F41 dYi 3 VWA <d
g § avas av's -l «3) .
UIANSYMLYH 5 HIHSVIOI A1 . i

m 9~ vi3a N . - YLON * anLs

/ (©o'h 38 : -

- H N HLIOWI QOLS NW)
d ¥ Lo . ampa inoa B es w NO <3

- A0S 1NN 8-1 d¥l § TWHa
© AavAD CFVS M-l <3| ol
WIAHSWA LV REHSYMNOT .
... 'inNonis

=

[Sa— wia Zor

o7 574 & dAL- 300 WA m_l\
L033¥no3Y

[ .. SNIg T30 i:zHZH_}.\
N - . Nid DNIX3AGN wia IN_u_

: w2-0@-2 ‘3N _T3dOW ND NOILYANDIINCI .
. L. QT IYNOIL 4G Had  0200-a-0f NDMQTZON3AIA3Y Bl .
oovrean uom:mu...—.v.ﬁm. HY a

- - R 7ARYA L
vZ-08-2 i"3N 540N
: b
50 1S GE- 1" @SV W3 NOILITLAN
“agizend FRILTIM AL AIWAOEH3I

I} - = @1 A¥YQNGD3S
- Sai, kv ad @3aivoran

D3N 003 335727
Lovad () 3Ne

oy . LY0)(DINO0 RS SFOV.RNG
HORAIRD, VI LNIVE - SV e b aL0N
. OISO ABOD LiEidey

#3q09 LNIA1IM
.1 535, aWSY 23d
QWHS SMiaIam

aLNVd 39 TIVHS S3VWAANS

H p - 91704 78302 W7 ABvANOD3E . "

X7 J-oL AISNIH b BLON 8 arid mecux o >ua@_~_m idivanvisy

1109 .8/, 6% 1QIAAY YV 1235 > SAQ" m._.._am.v.mawmo._..zumg LS
08 S, 420dY + VY 135 | bNIsn.sLHBIL aNyH a3TIWISNI arl Rova Na M ANIE YD na) SLAN O !

[ [EEET ari{anoz (d,LN0D S3LON)

I .

t

1

FHOISIATE - — -
— 1 71 Tt I v 3 & s b I



R/ L
Y TR

-

ANIdd FIVI68 LON 0C
IHIMI NI A6V GNOITNEID
QVION ¥9IMHIHLO SeTNN "

7

(TXTTTY

7z

N : -
/”M yJN
aoe
B
N :
dAL, N ,/
RN : R
<Fidz Nig) 2 /f
’ /&. . /ﬁ/ :
@

370H VIQ 2

Stavy 1nd

Y 131ves
g-vLa

das |
JSh¥i iw.u_\‘dIU

ol 2

~_q .. . ,
T~ SAYIWIL Tdid ._.nzm_ <114 ¢|\ T 7 \\\
/n«.xum /X
3dia £ : Y

.
/PJ& \

%

591491 sanis v 2100 wia £
(531d 2)SNId ONIXIANI LW 3ICH Ui

522V 2 gAL o ; :
SNLVZAN Via | 3 anaudo:
Niat 'SNIAZan! ¥ VIS ANIUL0IN

L | -1 .
@A08daY | Stvg HOLLAHISIa
‘SHOISIAZY

] GESGCENE
WLCHBI3EZNEaES

B T LT, . . e e ) B




3.0

THERMAL EVALUATION

A thermal analysis for the Model CNS 6-80-2 packaging has been con-
ducted for normal transport conditions. The performance of the packag-
ing under normal conditions of transport is described below:

3.1

3.2

Discussion

The mechanical features of the packaging have been described in
Section 1.2.1. 'There are no special thermal protection subsys-
tems or features.

The. external surface of the cask is predicted to exhibit maximum
temperatures ranging from 1690 to 174°F, depending upon the
quantityfof‘internal'decay heat assumed. The lower teuperature
prediction assumes no internal heat whereas the higher tempera-
ture assumes an internal decay heat load of 400 watts. These
maximum temperature prediction assume conditions consistent with

the Normal Transport "Heat' requirements, specifically:
e Direct sunlight (mid-summer) R

e Ambient air at 1300F

e Still air.

For conservatism, the 'peak" solar flux has been assumed to
exist continuously. This is equivalent to assuming 24-hour sun-
light of maximum intensity. Further conservatism is incor-

porated in the analysis by assuming the cask base 1is an
adiabatic boundary (no heat loss). '

The analysis also shows that the internal decay heat (400 watts)
raises inside surface temperatures above the external tempera-
tures by only 0.3°F.

Summary of Thermal Properties of Materials

Only three basic properties of the cask materials were employed
in this analysis. ..They were obtained from conventional hand-
books as follows:

Thermal Conductivity

Steel 25 Btu/hr £t-OF
Lead 18.6 Btu/hr ft-OF

Surface BEmissivity/Absorptivity

Steel 0.8



Technical Specification of Components

Not applicable -- no special thermal subsystems.

Thermal Evaluation for Normal Conditions of Transport

The thermal analysis for Normal Transport "Heat" and ''Cold" con-
ditions is presented in Section 3.6, Appendix.

3.4.1 'I'hemal Model

As outlined in Section 3.6, the unknown external cask |
temperature was determined by solving for the tempera- !
ture at which the heat input to the cask system equalea '
‘heat output. Input heat consisted of a peak normal
solar flux (from Figure 5.3 of ORNL-NSIC-68) plus the
internal decay heat. Heat rejection mechanisms consist '
of the sum of free-convection losses and radiation
losses to the prescribed ambient air sink temperature
(1309F-"Heat", -400F-""Cold"). Heat losses  were
1a11owed" only over the vertical cylindrical sides and

the top. Convective film coefficients were taken from
empirical equations for free convection found in
McAdam's "Heat Transmission".. '

3.4.2 Maximum Temperatures

Predicted maxinum temperatures are:

External Internal
Surfaces Surfaces

No Internal Heat 169°F 1690F
400 Watts Internal Heat 174°F 174 .39F

3.4.3 Minimum Temperatures

External Internal
Surfaces Surfaces

 No Infernal Heat ~ -40°F -40CF
400 Watts Internal Heat -27.39F -27.0CF

3.4.4 Maximum Internal P:essures

Assuming the package contains water 1loaded at 70°F.
Under maximum temperature conditions (174.39F), the
pressure would increase as shown below:

The partial pressures of water and air at 70°F are:

Pye = 0.36 psi

14.7 - .36 = 14.34 psi

Pac
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3.5

3.4.5

3.4.6

The partial pressures at 1750 are:

Puh = 6.75 psi

Poc = 14.34(175 + 460)/(70 + 460) = 17.18 psi
The internal pfessure differential is thus:
P = 6.75 + 17.18 - 14.7 = 9.23 psi

Maximum Thermal Stresses

In Section 2.6.3, the critical elements of the cask
were evaluated for a pressure differential of 0.5 atm
;(7.35 psi). The internal pressure due to maximum
temperature, therefore, increases stresses predicted in
Section 2.6.3 by the factor: 9.23/7.35 = 1.26, The
loads and margins of safety thus become:

Load/ Allowable

Item Stress load/Stress lMargin
Secondary Lid Stud 762 64785 large
Primary Lid Stud 3235 95248 Large
shell 1089 36000 large
Lid 889 36000 large

Pvaluation of Package Performance for Normal Conditions
of Transport

As the result of the above assessment, it is concluded
that under normal conditions of transport:

(1) There will be no release of radioactive material
from the containment vessel;

(2) The effectiveness of the packaging will not be
substantially reduced;

(3) There, will be no mixture of gases or vapors in
the ' package which could, through any credible
increase in pressure or an explosion, signifi-
cantly reduce the effectiveness of the package.

Hypothetical Thermal Accident Bvaluation

Not applicable for Type "A' packages.
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3.6 _AQp_endix
3.6.1

3.6.2

3.6.3

Thermal Analysis - Normal Conditions of Transport - No
Overpack (CNS 6-80-2 Cask) )

Two cases are specified by Appendix A, 10 CFk 71. Key
assumptions for these cases include: :

° HEAT - direct sunlight (summer, latitude 420N)
ambient air at 1300F
internal heat load = 0 and 400 watts

° OOLD - shade
ambient air at -400F
internal heat load = 0 and 400 watts

Geometry Assumptions (Simplified)

“dVEre BASET. )\ #:

/7”7
77/ 9 }
' >

8 %

N
[

K
/N _
7Z Y 1.

External Connection and Radiant Heat Transfer

Heat leaves the package via combined convection and
radiant heat transfer to the ambient air at T = T
Heat is lost only on top and sides; adiabatic assunp-
tions are applied to the base.



3.6.4

3.6.3.1

Convection

= hAAT: AT = T, - T_; T_ = 130CF and
S40°F ext = e’ Te -

For free convection, McAdams gives:
h=.29 A'II; : vertical cyl. (L = ft)
'}
.27 (511}); horizontal plate (up-heated)

Thus: ‘
.qc = (hgAs + hpAT)AT = BA AT
Ag = 1Dl =7 LZQ-_%%(_& 113.41 £t2
A =“—P}E =;}%%)-2 = 26,92 £t2
Lg = 74/12 = 6.17 ft.; A; = 140.33 £t2
LT = 70.25/12 = 5.85 ft.

Therefore:

3.6.3.2

0 o ap [E.zg)(113.41) . (.27)(26.92)
(6.17)* (5.85) 4

1
25.5435 x AT*, Btu/hr-OF

Radiation

y n B "
AR OAZS(Text -T) = K(Text - To)

.1714 x 10-8

(o4

€

.8

A

;= 140.33

“*Therefore:

Heat loads

K =9(.1714 x 10-8)(140.33)(.8) = 192.42 x
10°

- Solar and Internal

3.6.4.1

Solar Loads
Solar loads are estimated by wuse of

Shappert's mnormal incident solar energy
curve given in Figure 5.3, ORNL-NSIC-68,

3-5



"Cask  Designer's Guide." Assumptions
include: clear sky, mid-summer, latitude
420N. The total solar load absorbed by a
body is: _
Q=fyxasiXxa

3

qsi

normal X-set area

solar intensity (norm)

a

surface absorbtivity (.8)
For a right circular cylinder:
Aq = Ap cos 9 +Ag sin g

(6= ¥ wrt vert.)

A - _ D _ 2
T = Ty 26.92 ft

_ Dl _ 2
AS i vv. 36.10 ft

Qs X gy i ey o (.8)
%__ 511 (A.I. cos 6 + As sSin 9) qsix—(mj-

L x [(26.92) cos & + (36.10) sin 2]

T
o

Evaluating using Shappert's variation of
Qsj versus &:

Btu/hr-ft2

Elev. Solar Solar
Solar Angle Intensity load A, = 140.33 ft2
Time  -68{°) Asi Q/AD
8 Ay 48 250 63.9 ’
8:30 ‘42 260 65.5
9 36 270 @ Q/A; Max. Solar
9:30 30 275 - 64.8 Load
10 . 24 280 62.7 :
10:30 18 285 59.7
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3.6.4.2

Internal Heat

Internal heat is assumed to be 400 watts.

Thus:

Q = (400)(3.41) = 1364 Btu/hr

Total heat load is the sum of internal and

external (solar) heats:

qr x Q1 + Az x (Q/Az)

case (Q/Az) Qg ar (Btu/hr)
HOT 1 66.2 | 1304 10652
2 66.2 | 0 9290
o0LD 3 0 1364 1364

. 4 0. 0 0

3.6.5  Steady State Solution
Newton's method is used to solve for cask external
temperature T = Text-
= qT - qR qc =97 - K(T" T_*) - BA(T-T)
F(T)=1-—(T"- ")-—(TT)—)O
=+ X T, LY T |-3X% 7Py
qT qT qT ar
e han 4 N~
Tg Tg T,
qr hA . T
Heat load e e T (°F)
Case (Btu/hr) = 40° Texy =T __(°R) (Ext. Wall Temp. )
. Hot-Int. hHeat 10654 64.24 65.78 635.7 174~0°F
2. Hot-No Int Heat ' 9290 Y 63.85 628.7 169.0°
3. Cold-Int. Heat 1364 v 48.19 432.4 -27.3°
4. Cold-No Int Heat] O - - - . -40°F

3.6.6

Wall Thermal Gradient:

ATw = (Tinterior = Texterior)

The conductive propertles
internal heat determine s
gradients:

oot

of the cask wall and the
teady state wall temperature

13

-3 =3
noou



AT
= W _
41 7 Repr E> ATy, = Repp X 91

Where: [qy = 1364 Btu/hr]

Rror
Pli g -
ReTLouT RLEAo R4ri IN EFF.
WAV AL e VAW, —> — M Y—e
_R—r m Ryart = Rstr our * Rueap * RstL v
Rrop = 'K-’ ‘ K = 25 Btu/hr-ft-°F (Steel)
A 2 2
A (59, 4 - g/12
- 4

Rpgp = -(Zg%lfﬁl@-y 1.4046 x 107

= t = . (1/12) = -6
Rs1w our = X; ~ 25 [R(70.25 : 37.499 x 10
= t= (3/8 /12) _ -6
RsTL IN © X, ~ TS Tn (597 (58 16.743 x 10
_1y(d/di) _ Tu(68.25/59.75) . 6
RipaD = 77 K ]-"'W-‘235.47X 10
_ -6

1

- 1 1 _ 6
Rerr = = " 5 D Rppp = 240.4 x 10

1.4046 x 10°>  289.71 x 10

THEREFORE: ;
- (240.4 x 107%)(1364) = 0.33°F

[e 400 watts)

3-8
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4.0

CONTAINMENT

REVISION 1
SEPTEMBER, 1985

This chapter identifies the package containment for the normal con-
ditions of transport.

4.1  Containment Boundary

4.1.1

4.1.2

4.1.3

4.1.4

Containment Vessel

The containment vessel claimed for the. Model CNS 6-80-2
package is the shielded transportation cask as

<described in Section 1.2 and the general arrangement
‘drawing in Appendix 2.10.1. '

Containment Penetration

The drain line is the only penetration of the contain-
ment vessel.

Seals and Velds

Both 1ids on Model CNS 6-80-2 (see Drawing No.
C-110-D-0028) are sealed using silicone gaskets bonded
to the 1id plates. The secondary 1id has a redundant
neoprene seal. Both 1lids on Model CNS 6-80-2 are
sealed using a double O-ring configuration as shown on
Drawing No. C-110-D-0020, Revision -. All joints are
arc welded.

Closure

The closure devices for the 1id consist of eight 1-1/4
inch diameter studs (or bolts) in the primary 1id and
eight 1-inch diameter studs (or bolts) in the secondary
1id as described in Section 1.2. -

4,2 Requirements for Normal Conditions of Transport

The following is an assessment of the package containment under
normal conditions of transport as a result of the analysis per-
formed in Chapters 2.0 and 3.0. In sumuary, the containment
vessel was not effected by these tests. (Refer to Section 2.6)

4.2.1

Release of Radioactive Material

There was no release of radioactive material from the
containment vessel.

4-1




REVISION 1
SEPTEMBER, 1983

4,2.2 Pressurization of Containment Vessel

Normal conditions of transport will have no effect on
pressurizing the containment vessel.

4,2.3 Coolant Contamination

This section is not applicable since there are no cool-
ants involved.

4,2.4 Coolant loss

‘Mot applicable.

4.3 Containment Requirements for the Hypothetical Accident Conditions

Not appli_cable for Type '"'A'' packages.
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5.0

SHIELDING EVALUATION

5.1

Discussion and Results

The Model CNS 6-80-2 packaging consists of a lead and steel con-
tainment vessel which provides the necessary shielding for the
various radioactive materials to be shipped within the package.
(Refer . to Section 1.2.3 for packaging contents.) Tests and
analysis performed under Chapters 2.0 and 3.0 have demonstrated
the ability of the containment vessel to maintain its shielding
integrity under normal conditions of transport. Prior to each
shipment, radiation readings will be taken based on individual

loadings to assure compliance with applicable regulations.
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6.0 CRITICALITY EVALUATION
Not applicable for the Model CNS 6-80-2 packaging.
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OPERATING PROCEDURES

This chapter generally describes the procedures to be used for loaaing
and unloading the Model CNS 6-80-2 packaging.

7.1  Procedures for Loading the Package

NOTE:

(1)

(2)

(3)

(4)

IF IT IS NECESSARY TO REMOVE THE CASK FROM THE TRANSPORT
VEHICLE, FIRST DISCONNECT THE TIE-DOWN CABLES FROM THE
CASK. VERIFY THAT THE EIGHT (8) 1-INCH SECONDARY LID
CLOSURE BOLTS AND THE EIGHT (8) 1 1/4-INCH PRIMARY LID
CLOSURE BOLTS ARE IN PLACE AND PROPERLY TORQUED. BOLT
TORQUE REQUIREMENTS ARE SPECIFIED LATER IN THIS PROCE-
DURE. ATTACH SUITABLE LIFTING SLINGS TO THE LID LIFTING
LUGS AND LIFT CASK OFF OF THE TRAILER. :

Loosen and remove the bolts which secure the primary or
secondary 1id, as necessary. If the primary lid is to be
removed, verify that eight (8) 1l-inch secondary 1id clo-
sure bolts are in place and properly torqued.

Remove the 1id by attaching suitable hooks to the 1lid
lifting lugs. Care should be taken during the operation
so as not to damage the 1id to body interface seal while
setting the 1id down.

Visually inspect the package for damage or defects inside
and out. Verify that there are no loose articles inside
the cask. Inspection shall include primary and/or secon-
dary 1id closure bolts, whichever have been removed, and
the drain plug.

Obtain replacement closure bolts or drain plug as speci-
fied on CNSI Drawing No. C-110-D-0028 (current revision)
for any bolts or plugs that show cracking or other visual
signs of defects.

Place the disﬁosable steel liner, drums, or other packag-
ing into the cask. Contents should fit snuggly within the
cask body using shoring or bracing when required to pre-

- vent movement during normal conditions of transport.

(5)

Inspect the gaskets (or O-ring seals) according to Section
8.2.1.2 for the primary and/or secondary 1lid, whichever
has been removed. Painted surfaces, identification mark-
ings, and match marks used for closure orientation shall
be inspected according to Section 8.2.1.3.
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(6) Place the primary or secondary lid on the cask using the
guide pins for alignment. Use caution in lowering so as
not to damage the gasket and guide pins.

(7) Install the primary and/or secondary 1id closure bolts and
tighten to hand tight. Torque primary 1id bolts to 420 +
42 ft-lbs (320 + 32 ft-lbs if lubricated) using a star
pattern.

Torque . secondary 1id bolts to 220 + 22 ft-lbs (160 +
16 ft-1bs if lubricated) using a star pattern. -

(8) If it is necessary to replace the cask onto the transport
vehicle, verify that the eight (8) l-inch secondary lid
bolts and the eight (8) 1 1/4-inch primary 1id bolts are
in place and properly torqued. Attach suitable lifting
slings to the 1lid lifting lugs and 1ift cask onto the
transport vehicle. Cover the 1id lifting lugs to prevent
them from being inadvertently used to connect the tie-down
cables. Attach the tie-down cables to the cask.

(9) Before the cask leaves the facility, the following shall
be confirmed:

(a) 'That the licensee who expects to receive a package
containing quantities of radioactive material in
excess of Type A quantities specified in 10 CFR
20.205(b) meets and follows the requirements of 10
CFR 20.205, as applicable. '

(b) That trailer placarding and cask labelling meet DOT
Specifications (CFR Title 49, Part 172).

(c) That exterior radiation and surface contaminatioﬁ
levels are within the 1limits of the applicable
Federal Regulations.

(d) That 1id bolts are sealed with anti-tamper seals.

(e) ‘That the drain plug is properly installed and sealed
with a non-hardening pipe thread sealant.

Procedures for Unloading the Package

In addition to the following sequence of events for unloading a
package, packages containing quantities of radioactive material
in excess of Type "A" quantities specified in 10 CFR 20.205(b)
shall be received, monitored and handled by the licensee receiv-
ing the package in accordance with the requirements of 10 CFR
20.205 as applicable.




NOTE:

(1)

(2)

(3)
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IF IT IS NECESSARY TO REMOVE THE CASK FROM THE TRANSPORT
VEHICLE, FIRST DISCONNECT THE TIE-DOWN CABLES FROM THE
CASK. VERIFY THAT THE EIGHT (8) 1-INCH SECONDARY LID
CLOSURE BOLTS AND THE EIGHT (8) 1 1/4-INCH PRIMARY LID
CLOSURE BOLTS ARE IN PLACE AND PROPERLY TORQUED. BOLT
TORQUE REQUIREMENTS ARE SPECIFIED LATER IN THIS PROCE-
DURE. ATTACH SUITABLE LIFTING SLINGS TO THE LID LIFTING
LUGS AND LIFT CASK OFF OF THE TRAILER.

Remove the security seal and loosen and. remove the bolts
which secure the primary lid. Verify that the eight (8)
1-inch secondary 1lid closure bolts are in place and
properly torqued.

Remove the 1id by attaching suitable hooks to the 1lid
lifting lugs. Care should be taken during the operation
so as not to damage the 1id to body interface seal while
setting the 1id down.

Remove the contents using suitable material handling
equipment.
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8.0 ACCEPTANCE TESTS AND MAINTENANCE PROGRAM

8.1 Acceptance Test

Prior to the first use of a CNS 6-80-2 or CNS 6-80-2A package,
the following tests and evaluations will be performed.

8.1.1 Visval Examination

The package will be examined visually for any adverse
condition in materials or fabrication. :

Welds shall be examined for compliance to the
drawings. Weld integrity shall be verified by visual
examination according to AWS D1.1, Section 9.25.1.

A1l Test Reports will be documented and included in the
Quality Assurance Records of the cask.

8.1.2 Structural Tests

No structural testing is required.

8.1.3 Leak Tests

Each package shall be leak tested initially. The Test
Report shall be documented and included in the Quality
Assurance Records of the cask.

8.1.3.1 CNS 6-80-2

The cavity shall be pneumatically
pressurized to 14.0 psig and while under

. pressure, the seals are soap bubble tested
for leakage acceptance criteria of no
visible bubbles.

8.1.3.2 CNS 6-80-2A

A pressure drop test shall be used. The
cavity or volume between the double O-ring
seals shall be pressurized to 14.0 psig.
Seal acceptance shall be based on no
.observable leakage over a ten minute period
using a pressure gauge with a maximum
graduation of two pounds and the pressure.
supply line disconnected from the cask and
text fixture.
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8.1.4 Component Tests

8.1.4.1 Gaskets

Gaskets and seals will be procured and
examined in accordance with the CNSI Quality
Assurance Program. Leak testing of the
package will be the final acceptance for
gasket's design.

8.1.5 Tests for Shielding Inteqrity

Shielding integrity of the package will.be verified by
Gamma Scan or Gamma Probe methods to assure package is
free of significant voids in the poured lead shield
annulus. The entire surface area backed by lead, less
protrusions, shall be marked off in a grid pattern not
exceeding the diameter of the radiation detection
jnstrument. Voids resulting in shield loss in excess
of 10 percent shall not be acceptable. Results of the
Gamma Scan shall be documented and included in the
Quality Assurance Records of the cask.

Maintenance Program

CNSI is committed to an ongoing preventative maintenance program
for all shipping packages. The 6-80-2 and 6-80-2A packages will
be subjected to routine and periodic inspections and tests as
outlined in this section and CNSI approved procedures.

8.2.1 Routine Maintenance

For each shipment, unless noted otherwise, of a loaded
package containing radioactive materials in excess of
Type A quantities, each of the following safety-related
jtems. and functional features shall be visually
examined for defects or replacement. Corrective action
for defects shall be as noted.

8.2.1.1-+ Fasteners

The primary 1id bolts and the plug or the
drain line shall be visually inspected for
defects. The secondary 1id bolts shall be
visually inspected for defects whenever it
is necessary to remove the secondary 1id.
Obtain replacement bolts or plugs as
specified on CNSI Drawing No. C-110-D-0028
(current revision) for any bolts or plugs
that show cracking or other visual signs of
defects. '
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8.2.1.3
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8.2.1.2 Gaskets/0-Rings

(a)

(b)

Primary Lid Gasket/O-Rings

The primary 1id gasket (CNS
6-80-2) and O-rings (6-80-2A)
shall be visually inspected for
serviceability ensuring that they
are in the proper position and
free of cracks, tears, cuts or
discontinuities which may prevent
them from sealing properly. The
seating surface-shall be visually
inspected to ensure it is free of
damage, dirt, gravel or any
foreign matter which might damage
the gasket/O-rings. If any
defects are detected, seals shall
be replaced and/or the seating.
surface shall be reworked as
necessary to ensure that the 1id
closure will seal properly.

The leak test performance date
sticker on the cask shall be
checked for legibility and
expiration date to verify that
the seals are current with leak
test performance schedule.

Secondary Lid Gasket/O-Rings

The secondary 1id gasket (CNS
6-80-2) and O-rings (6-80-2A) and
the seal seating surfaces shall
be inspected as specified in
Section 8.2.1.2 (a) at any time
it is necessary to remove the
secondary 1id. Seal replacement
and/or seating surface repair
shall be as specified in Section
8.2.1.2 (a) if any defects are
detected.

Painted Surfaces, Idgn;if1cat1on Mark1ngs, and Match
Marks Used for Closure Origntatlo

The above items shall be visually inspected to ensure
that painted surfaces are in good condition,
jdentification markings are legible and that match
marks used for closure orientation remain legible and
easy to identify.
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8.2.2 Periodic Maintenance

The following inépections and/or tests shall be performed as
specified.

8.2.2.1 Seals and Test for Seal Inteqrity (Lemk Test)

A1l seals (gaskets or O-rings) shall be replaced once a
year as a minimum regardless of condition.

The seals and seal seating surfaces shall be replaced
and/or reworked, respectively, for any condition
resulting in a detectable leak.

Tests for seal integrity shall be performed after the
annual replacement of all seals as a minimum. A leak
test shall be performed in the same manner as
delineated in Section 8.1.3.

8.2.2.2 Shieldin _
Shielding tests will be performed if damage has
required repairs affecting shield integrity. Any
additional shield testing shall be in accordance with
the original criteria specified in Section 8.1.5.

8.2.2.3 Drain Line

Annually the drain line will be verified to be free
from obstructions.
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9.0

QUALITY ASSURANCE

CNSI's Quality Assurance Program used for the design, fabrication,
assembly, testing, use and maintenance of the CNS 6-80-2 cask is
designed and administered to meet the 18 criteria of 10 CFR 71,
pendix E. A description of this program has been submitted to the
NRC. CNSI has received Quality Assurance Program Approval No. 0231.
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