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1.1

1.0 GENERAL INFORMATION

Introduction

This report presents a safeguard evaluation of the design
and use of the Whitehead and Kales (W&K) Shipping Cask,
Model No. 4-45, for transporting irradiated Peach Bottom
Unit No. 1, fuel elements (1-5)* to the Idaho Chemical
Processing Plant (ICPP), Idaho Falls, Idahko, or a similar
facility. All fuel elements will be individually sealed

in aluminum fuel element canisters or aluminum salvage
canisters. Salvage canisters may also be transported that
may contain various core components, including control rods,
fuel elements encased in a removal tool, or fragments of an
element, providing that the salvage canisters are not in any
way more rudioactive or release more decay heat than fuel
elements.,

All shipments will be made according to Nuclear Regulatory
Commission (NRC) and Department of Transp?gtation (DOT)
regulations, 10CFR71(6) and 49 CFR171-179'7), respectively,
for transporting .arge quantities of Fissile Class II
radiocactive materials by motor vehicle assigned for the
sole use and will be unloaded from the motor vehicle by

the ICPP personnel or other consignee.

Summary

A safety evaluation has been made of the W&K Model No, 4-45
shipping cask (package) in accordance with NRC regulations
10CFR71 and DOT regulations 49CFR171-179. The results of
the evaluation indicate that:

(a) The package satisfies the standards specified
in Subpart C of 10CFR71

Gy

. 90010007

*
References can be found at the end of the text.
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bundle of 2 1/2 in. nominal diameter x 18 gauge mechanical tubing
between 1/4 in. 304 stainless steel plates and enclosing the bundle
with a 1/16 in. 304 stainless steel shell as shown on Drawing
9123-0001*. A 4 in. long skirt fits over the cask for added
resistance to radial motion in a corner drop.

Construction Specifications

Complete detailed drawings with construction specifications
for the W&K Model No. PB-1 shipping cask will be furnished to the
cask fabricator. Quality control procedures will be performed by
experienced Battelle personnel to verify that construction and
material specifications are met. Standard construction specifica-
tions and procedures that will be followed are presented in Appendix
A, Section 7.

1.2.2 Operational Features

Not applicable.

1.2.3 Conten*= of Packaging

In accordance with the requirements of § 71.22(b) of 10CFR71,
Subpart B, the materials planned for shipment in the WsK Model No.
PB-]1 Cask are described as follows:

(1) 1Ildentification and maximum radioactivity of radiocactive
constituents.

(a) Irradiated Peach Bottom Unit 1, whole or partial fuel
elements, circular in cross section, 3 1/2 inches in
diameter and up to 144 inches long, sealed in canisters
in a helium atmosphere. In case that the canisters are
four.d not to be leaktight, salvage canisters shall be
provided to ensure containment. The maximum U-235 load-
ing of each fuel element is 300 gm and the minimum atom
ratio of thorium=232 to uranium=235 is 5.37, except that
one such element per package may have a loading of 415
grams U-235 and minimum thorium-232 to uranium=235 atom
ratio of 4.0. The maximum enrichment of U-235 shall be
93.5 weight percent,

(b) 8olid non-fissile irradiated hardware and neutron source
components, maximum weight of contents, including any
container shall be 10,000 pdunds. As needed, appropriate
component spacers shall be used in the cask cavity to
limit movement of contents during shipment.

. 90010010

* Drawing is enclosed.
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Deseription

heavy

Th=232 §2.10 52.10 52.10 5.36
U=234 (max) 0.156 0,156 0.156 0.082
U=-235 9,70 9,70 .70 5.14
U=236 (zax) 0,052 0.052 0.052 0,028
U=-238 0,505 0.505 0.505 0,268
Rh=103 Q. 1,028 0.342 3 8
Carbon 285.00 285.00 285,00 3,00
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Peach Bottom Reactor No. 1 was operated for 451.5 equivalent
days at a full power of 115.5 Mw(t). The fuel elements are designed
to generate 112.7 Mw(t) with the remaining 2.8 Mw(t) being produced
by nuclear heating in other reactor internals. The power generated
in an average fuel element is 140 kw(t). The design peak power
generated in a hottest fuel element is approximately 174 kw(t) at
900 days of equivalent full power operation.

Predicted fission density distributions are shown in Figures
4 and 5 for the beginning-of-life and the end-of-life, respectively.

Fuel Element Canisters - Before removal from the reactor
building, all fuel elements will be individually sealed in a canis~-
ter that contains an inert Helium gas atmosphere. The canister is
a composite of a 6061-H 112 aluminum alloy outer wall and 1020 mild
steel inner liner. The inner liner is 10 .eet long by 1/16 in.
thick and has an outer diameter of approximately 4.1 in. The steel
liner is provided to add weight so that the cans will not float in
the spent fuel pit. An aluminum cap is hermetically sealed to the
can by magnetic swagging after the element has been inserted,+thus
forming a unit with the following outside dimensions: 4.500 - 0.005
in. 0.D. x 12 ft. 8 15/16 ¥ 1/32 in. The wall thickness is 0.065 in.
Design external pressure on the unit is 15 psig. with a can tempera-
ture of 5000F. Many of the fuel element canisters will contain a
fuel element encased in a special broken element removal tool and
a steel liner,

The magnetic swagging process is a closure technigue which has
previously been tested and found acceptable for sealing the fuel
element canister. The results of these tests form part of the data
submitted to obtain the HNPF shipping cask license. The HNPF file
is available under Docket No. 70-72, Amendments 71-6 and 71-7.

About 1 in. clearance is provided between the top of the "cold"
canister and the cask cover. With a fuel element in the canister,
the length of the canister will increase over 1/2 in. due to thermal
expansion. For the case of the shorter fuel element canisters, a
spacer (Drawing N9123-6PB-0001, Area C-2) will be placed in the bottom
of the basket. . Thus, the design provides for minimal clearance
between the canister and the cover for both sizes of canisters.

Salvage Canister - The salvage canister is the same construction
and configuration as the fuel element canister except that the unit
dimensions are 4,750 ¥ 0,005 in. x 13 ft. 1 7/8 ¥ 1/32 in. A
leaking fuel element canister will be placed in a salvage canister.

90010019
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(1)

(2)

(3)

(4)

(5)

(6)

(7)

1,3 Appendix

1.3.1 References

"Peach Bottom Atomic Power Station No.
Report, Part C., Vol. 1", Philadelphia
Docket 50171-2 (March 3, 1964).

"Peach Bottom Atomic Power Station No.
Report, Part C., Vol. 2", Philadelphia
Docket 50171-3 (March 3, 1964).

"Peach Bottom Atomic Power Station No.
Report, Part C., Vol. 3", Philadelphia
Docket 50171~4 (March 3, 1964).

"Peach Bottom Atomic Power Station No.
Report, Part C., Vol. 4", Philadelphia
Docket 50171-5% (March 3, 1964).

"Peach Bottom Atomic Power Station No.
Report, Part C., Vol. 5", Philadelphia
Docket 50171-7 (August 11, 1964).

"Packaging of Radiocactive Material for
Federal Regulations, Title 10, Part 71

1l Final Hazards Summary
Electric Company,

1l Final Hazards Summary
Electric Company,

1 Final Hazards Summary
Electric Company,

1 Final Hazards Summary
Electric Company,

1l Final Hazards Summary
Electric Company,

Transport", Code of
(December 31, 1968).

"Radioactive Materials and Other Miscellaneous Amendments",

Code of Federal Regulations, Title 49,
4, 1968).

1-16

Parts 171-179 (October
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2.0 STRUCTURAL EVALUATION

Structural Design

The structural integrity analysis of the W&K Model No.

PB-1 shipping cask was performed to show compliance with the

applir~able structural requirements designated in 10CFR71.
The muterials used in the struestural components of the cask
inclvde mild steel, Type 304 stainless steel, cold drawn
mechaaical tubing (carbon steel), and ASTM A325 bolts. For
purposes of analysis, the properties of AISI 1025 carbon
(i.e., a general purpose steel) were assumed for the mild
steel properties.

Weights and Centers of Gravity

Table 1. Whitehead & Kales Model No. PB-1 Cask Weight

ESEESESEE l Weight, 1lbs.
Body E 53,110
Covers (1,995 each) : 3,990
Impact limiters (630 each) { 1,260
Basket ? 920
Fuel and fuel canisters § 3,420
TOTAL | 62,700

Mechanical Properties of Materials

Material properties for AISI 1025, 304 stainless steel,

and the ASTM A325 bolts were obtained from MIL-HDBK-5A(9),
In the cases where a value for a specific property was not
quoted, it was estimated by proportioning the values given
for other similar properties for the material considered.
The bolts correspond to the Type 4 fasteners included in
MIL-HDBK=-5A,

90010028
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he Surcace temperature of the cask was taken to be 150 ¥, and LS
ot b - ool ] - i Aeiter 1 i 4 -
;t"uctvr..l propercizs were dezraded accarding.y oy tac use of daca prepunicd i
-~ v g 4 v . v R 2 i e e N ™
MiLelDo=5A. Tenle 7 summnarizes the propertics oL materials usad in LAt GEed
AT ST o AR TR T ety AT
AJ‘*LLE 7. .aua...n‘lw L.\C‘. LNl d e UT1LLZ8 D Lo
, SrAT et APy MRed ANGN TEEYS
‘ﬁ&n .‘uJ.‘;. o a ] 1 Ne2vads MO Aw
Ly - s T
Materizsl Pronerty Value,psi
$ -~ N ; | - - ’ c
) Tensile yield stress 34,500
00 o on ¢ . ¥ 3 " . - [ 45 SN
Tensglie ualinaidc slress bty o
of 1 y - -
Shear )’;ulu SLressd 22,000
& v ~ :
Type 30w Tensile yield stress 25,000
e f e | me o T Bt bl & o 3 = ‘ - A
stainless slees Tensdle witimdtle §Lress oy wwv
& P . - [ 4
Shcedl Yacid SLTCSES 1.),(‘00
- b $ pam - - 2L ™
Sheer ultiniate stiress 36,500
B nba onom & e 2 ey - ~ : - 1. . AL A
Mechanical tabing Teneile vield stress 60,000
am YA A rmgin 1C
040 CIadWD i =
[ P ™
:2) Cal lJU.l)
e R 3 1 " T I f o - ¥ A4 -~
STM A325 bolts Tensile ultimate stress 121,000
/ e g 3 - L <@ o . e aGN oG
Type & fasiceners) Shear nlrimate sLYess v, GO0
~ by 19 el "
Cozeaercial wrought working load 4 to
1 .
SLL.ﬁL (.}L..Dvl\.a, e T B
noainal
Ll - P D as B 2 i & . oy M ' . ] & vy o~ G I (P - & - N g -
The irechaaical LL0ing 16 LOCHL o0t LhC imnact dimiters 10T LR LK.
! .
W it @m Y wesaear s S ARt TR o - 4 R i 12 ” A ey v, o -~ g - p s
Material ;.u"-..u., Jore oscained from vendor catalogs. The dmpact lindtels v
2 St ey B A A s O Y T kadsal 3 T 3
(obi’l‘,usu ‘1».14.51 O CLFVUS @illl CGuicd p:L'h-..:\»b -k .\.‘C.\.«.\.:'-A A e E A

2.4 General Standards for All Packages

214'1 Chemical and Galvanic Reactions - The material used,
mild steel, stainlesr steel, and lead, do not react with each
other in such a way as to cause deleterious amounts of
corrosion products.

2.4.2 Positive Closure - Positive closure of the cask is

arc

omplished by 12 ASTM Type A325 bolts during normal shipping

conditions. The closure with respect to accident conditions

is

analyzed in a subsequent section.
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Pigure 6 is @ sketen of the problem (W = 0 for this case), and Figure 7 i &
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2.4.3.1.2 Fiber Stress in “he Tr

unnion - In the trunnion-to-

cask attachment arrangement, a 28
a 15,000 psi shear design stress
was used rather than the higher v
the trunnion is welded to both th
and the stainless steel patch pla
strength for these materials coul
a more conservative choice was ma
two values for these materials.
determined from Equation 5 in App
problem is presented in Figure 6

,000 psi design stress and
for stainless steel material
alues for mild steel. Since
e mild steel cask outer shell
te, a weighted average design
d have been used. However,
de to use the lower of the
The maximum fiber stress was
endix B, A sketch of the

and a copy of the computer

printout of the solution is presented in Figure 7. The

maximum fiber stress is 10,970 ps
i9-1.55.

i, and the margin of safety
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. hie AEcn Y R B = s & 1 Y 32y e B
In tkis case, W = 0. The effective outside dianeier of weld areda can bve
.t R i | a - 5oy A 2 /N
approximated by NW = DI + X (con “42).
i & b o @ :
Jaen 10T X ® s/.rl #S ¢ )
P iy = L y = 4 )
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E o 1 2075 o) F 9 . " ’
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A copy of the solution print out for thie problem is M,
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LaNsiTuniNvaL-veEaTICAL LaAD 94200 .00
TRANSYZISE Loan « G0 '
> ! " i 1C ~_,.r )'3\/
PALTD ATE THICKNESS « 50
SATAY MLATE RADIY 6450
SAINNISN BITSIDE DIAMETER 34528 (Ef fective weld 0.D.)
TRIZNNISN INSIDE Olal 6400
N \
% TENSILE STRESE IN TRUNNION 10915565 (Weld Stress)
STRESS IN TRUNNIDN 2546%.2107 (Weld Stress) g
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Then if the weight of the 1id is 1,970 lbs., the cable force,
P, a8y
c

N 3W i (3) (1970)
Fo = Valgmivs) = /2 707
F_ = 4,200 1lbs.

The eye bolts are commercial 1 in. eye bolts, rated for four
tons load working strength with any load orientation. The
margin of safety thus is:

1f the bolts were pulled from the 1id, the threads in the lid
would fail in shear. The shear force on each hole is:

(3) (1970) _

5 2960 1bs.

Fsh = (1/2) 3W =

The effective area for shear was taken as one bolt diameter
deep.

Thus: A = (d)(7d) = n(1) (1) = 3.14 sqg. in.

-

The shear stress is:

L Fen _ _ Fen  _ 2960 . 940 sud
Ysh A (d) (rd) (1) (31410) (1) ~ “°% ¢

The margin of safety is:

F

MCS = -——-‘~SV 15,00 e

MS T ] ow 22EPHE .1 w Lar
5 1 530 1 = Large
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160,000 1bs.
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«4,4.1.3 Shear stress ia trunnjon, The maximum shear stress was determined
irvom Equarion 6 in Appendix 3. A sketeh of the problem is presented in Figure o.
Figure 12 is a priat out of the computer solution of the probvlem. The maxitum
shear scress is 7,280 psi, and the margin of safety is 1.06.
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Normal Conditions of Transport

Effect of Transport Environment on Safety of Cask.

lormal Transport Conditions (Appendix A of 10CFR71) = The
analyses in the sections below show that the cask will be
in submission to:

"A package used for shipment of fissile material
(and) a large quantity of licensed material . . .,
shall be so designed and constructed and its
contents so limited that under the normal con-
ditions of transport specified in Appendix A of
this part (cited below)"

the package will meet the requirements specified in 71.35 a
and 71,35 b.

2.6.1 Heat - The conditions of subjecting the cask to direct
sunlight at an ambient temperature of 1309F in still air were
analyzed in the Thermal Analysis Section, 3.4.

2.6.2 Cold - Section 3.4 includes an analysis ot the cask
subjected to an ambient temperature of -400F in still air
and shade.

2.6.3 .Pressure - The pressure requirement of 0.5 times

normal atmospheric pressure is usually considered for paickages
which may be transported in aircraft. The Peach Bottom Cask
will not be transported in an aircraft. However, it is
conceivable that it may experience reduced pressure when
transported over high mountain passes so the more extreme
reduction of 0.5 atmosphere pressure is reasonable to
consider. This pressure is approximately the same as that
used in the fire accident analysis which shows that contain-
ment is maintained.

2.6.4 Vibration - The effects of transportation vibration

on the massive cask are considered to be less severe than

the transportation shock forces (10, 5, and 2G tiedown forces)
discussed above and the hypothetical accident conditions

described below.
90010047
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2.6.5 Water Spray - The cask is constructed of corrosion
resistant materials and is thus unaffected by water spray.

2.6.6 Free Drop - Since there is no coolant to be lost, the
free drop from a height of 1 ft. will be less severe than

the 30 ft. accident drop. From the puncture accident analysis
it is shown that the present cask design will withstand the

40 in. drop of a 6 in. diameter cylinder. Since the trunnions
are 8 in. in diameter, the case for the 6 in. diameter cylinder
is more severe, Therefore, a free drop on any trunnion will
not cause puncture of the cask outer shell.

The trunnions must be analyzed, however, to ensure their in-
tegrity during conditions of normal transport. The analysis
which follows is based on the assumption that the cask drops
1 ft. sideways onto one of the trunnions. The resulting
impact force will cause the trunnion to deflect the cask
outer shell in order to absorb the impact energy. If the
cask were to strike at any angle greater than 17° from the
horizontal, then the end impact limiters would attenuate part
of the impact. At any angle between 00-179, the horizontal
component of the impact force would be less than 30% of the
vertical component, and due to the short length of the trun-
nion, create a negligible bending component in either the
trunnion or the cask shell.

From conservation of energy:

B
(1) WH = 5

wWhere:

W = cask weight = 68,460 lbs.
h = free drop height = 12 in.
P = impact load, 1lb.

d = cask shell deformatio.., in.
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2.6.8.2 Porous Stainless Steel Plate =~

plate assures protection of the valves. The

shown in Drawing No. 9123-6PB-0001, Revision

The desian includes cthe addition of

bottoin sicde of the porous plate,

stainless stecl is welded to the bottom surface of
cress rest on lupgs welded to the inner wall of

s

In the event of
porous plate is neglected,

Sltuation can

sketch btelow.

The force, P,
P =
where
e L B
> 1 'Y
3 =
¢ C
h’B
I = 2(vi~ (the faector “'2" is used since
i

PRpT R . . 3 3
€068 resist tie 1oad)

V‘

YA N =

ﬂ;f-\ *? fi7?ﬂﬁﬁﬁ

UG LRSI A
it UilalvaL

The structure, made of 1/4 in. x ° /4 in.

the trunnion.

The design of the
modification is

E.

a4 cross~structure to the

1

he plate, The ends of the

impact by a 1-1/4 in. bar, the contribution of the

be represented by the

b
1SS Te]

two equal arms of the
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The shear stress is

The margin of safety is

F J
. su 36,500
MS = - 1 el = 1 large.

2.6.8.3 Solid stainless plate. The solid stsinless plates covering

the ends of two trunnions were assumed to be simply supported at their edges.

The load from the 1-1/4 bar was assumed applied as a uniform concentric load
as shown in Roark, Table X, Case 3 . The force required to cause yielding

of the disc is

g }tv 2hmt { 1 7
'y J i r . !
1 é 1 o |

“e (m - 1)+ (m+ 1) In (ﬁ“ ) = 5 (m - 1) —32-

@ ° a

wvhere

= yield strength = 28,000

-
1)
©
-

ty

I
w
w
(9% )

. ¥ acin . . vty
m = l/poissons ratio
t = plate thickness = .25 in.

a = radius of the support = 5,25/2 = 2,625 in.

r = radius of the applied load = 1.25/2 = ,625 in.

Then
W, = 1,670 1b
y
The deflection of the center of the plate is determined by equating the strain

enerpy to the kinetic energy, or

o s
s (‘4‘;.1 N 1 73 o ‘
d = ""' & —':‘,.:-"" B sor% AN
..’Y A0.0

4

o
e

-~

{25  1b3id . ' ps
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The radius of curvacure is
2 2 2 2
¢ 4 ¢ (.374)° & (2.,625)

The strain is
L 25
cE = = : =
r+t digl + 23
A - fnlasce 9
2.6.8.4 Stainless plat
- % o < o o . 1 Y b : e - 1 2
a SCalnicss sceel el Wilil & 2 &

N6 = D
0206 = 2

o RS W 18
¢ witial N0

1 Py .
S C.".c trunnion 18
or viewing a pressure

N v ' 1 }
covered wit!
o aUo0 The
SauUic L0C

required to

applied load is assumed concentric as above and the minimum force
cause yiclding is from R y lable X, Case 15.
2
2 e e -~ Ly
F 2T m ¢ 2 <
tvy { 3 “ b
W, = - |-z -~ P
b i | ), ,C ’ “- r}
2a (m+ 1) In () + (m =« 1) (¢” =d")
o
' where V‘:Ly’ m and t are as above and a, b, ¢, and d are shown on the
W
'y
v
N B s
i L
| L a
P. 4 ! , i
r,;-.__-..,,_- £ = o l
|
. |
= g $
& W2 28

b= 3.0 in.
c = 2.625 in.
d = ,625 in.

L PR B = O/
P S ) (Wi ]
v

SSRER:
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2.6.9 Compression - Not applicable as the package exceeds
the 10,000 1ib. weight limitation.

2.7 Hypothetical Accident Conditions

2.7.1 Free Drop - Thirty-foot free drop onto a flat surface.
The first condition which the cask must withstand in the
hypothetical accident sequence is a 30 ft. fall onto a flat
unyielding surface. There are three critical orientations
which the cask can assume at the moment of impact. These
include direct impact on an end, direct impact on the cylin-
drical side, and impact on an edge at such an angle that

the reaction force is directed through the center of mass of
the cask. These conditions are evaluated individually below.

2.7.1.1 End Drop - In the case of a direct end impact, the
force is evenly distributed over the end of the cask. Further-
more, the kinetic energy of the cask at the moment of impact
must be absorbed by daformation of the impact limiter. The
impact limiter was designed from design data presented by
McFarland(10), The following analysis based on McFarland's
results is discussed in greater detail in Appendix C.

LA ST € - ot iR LT ; { T <in e -y ablenrariar Cow «4 o) $ e
FOr the impact lindter, the specllic encrgy absorplidn 10T aXlali 1Mpact

,"\.‘. R
/ 1)/

-

- “\ IS

- =21 LHEIE) N
2\") ,lu ._,.‘.,;:,md {AJ“.]‘W ’?,ﬁ:,i,‘) ‘ /
e U] Lle U Ji"
.’

where

SUe megn crushilny strongil; thicancsy cfficiency ana unilk weilpghal cam 00 expry O

-
i

= e
r
»
r
r
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The fuel cans in the cask were designed for the Hallam shipping
cask and will withstand up to 150G without failure(14), Then
the margin of safety of the fuel can is:

150

M.S,. = 91§

-1 = .64

The basket has been designed to assure that in the event of
an impact on the top, the basket will not crush the failed
fuel cans. A ring, 1/8 in. thick and 7 in. high welded to
the outer edge of the basket at the top end (see Drawing
9123-6PB-0001) will support the basket in the event of an
impact on the top of the cask. The basket weighs 920 1lbs.
For end impact, the impact load is 91.5G. The total impact
force then experienced by the basket is:

FImp = (920) (91.5) = 84,100 1bs.

The area of the ring:

A= 2rrt

Where:

r = mean radius = 25.44 in.

t = wall thickness = .125 in.

Then:
A = 27(25.44) (.125) = 20.0 in.?
The stress is:
Fimo 84,100
= v o= 4 = 4,200 psi

tmp T TA T T20.0

The margin of safety is:

Foo
ME = =k =] = =it o] = 7.8

7Imp 4,200

A stepped plug is inserted f£lush with the cask cover and the
end impact limiter bears directly upon the outboard fare of

the plug; therefore, the impact limiter would be quite adequate
to prevent the plug from breaking free due to its own inertive

90010061
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2.7.1.3 Corner Drop - In the case of impact on a "corner" of

the cask, the worst case is for the orientation where the line
of action is from the point of impact on the "corner" through

the center of mass of the cask, Figure 15. For this cask, it

can be assumed that the center of mass is the geometric center
of the cask.

/’ / \ \
- \ \
~ — e \
_ e RR, S —— \
| \ s - ) =
- -
11 ¥ N o A \
\ DELan ~” \
s " -
\ 4 / B
/ =
\ = / ¥
A e, /
P E— —— O - /
/ b=

FIGURE 15 Orientation of Cask During Corner Impact
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POOR ORIGINA

mpact on the cormer, part of the kinetic energy will be abrorbed
¢ the impact limiterjand the remaining energy is assuned to le
absorbed by deformation of the lead. As is customary, it was conscervatively assumed

that no ensrgy 48 absorbed iLiun of the ateel shell of the casr. Since
ghe impact limiter is desig

L)
§i i
O =
e
=5
O G2
[N

rily for axial impact loading, it will verform
¢ loading. Therefore, it was assumed that
- )

bsorption of the impact limiter during
d be oxpre ' a2 function of the impacting angle, or

o~y o,
PR

8} is directly proportional to the mean crushing siress
of the iapa o

" o~
e (e

where

Ope = @0 effective mean crushing stress acting on the area of the
A ¥ 3 - 3
deformed impact limitex

. o = moan crushing stress for axial loading = 4,450 psi

VY o oy -3 . p 1c ] & % aTon = . - e A N et A on oy .. e 2.4 o svwe & e
Prom Figure 15, it is seen that as the cask deforus durinz impact and the dolermation
{ { - 3 Y v3e 9 . $om £ F - B an o
d)ht:ncc. d, inercasesy the area, &¢, upon which the effective crushing stross
Y & D . o i A AN E ik ¥ e eavan Xan T . e 4 2
: -) also incrcases ang the decele Yating fovree incraeases, It order to

g B | - o o Jivey LoV, » e . - v - .
stabidsh tho maximnm \alu\ of the deocelerating force, & compulel Proglam Waa

e 1., . = g PEIEES s o t " - SR G 1
M'l&'s(\.\n :»- L 'AC'O-, Gy 10T dn_)' yva.iue 03 d, .‘,\.ro 1). A0 dL’.L v S B

ue of the area, aglg Was

mean of the two arcas, 4. and a.pq, was multiplicd by

d, weg thon inereoment, &d and a new va

cr AN rarna K gz iind
(ul\-\‘.u:\(an

1 o r - . - v g ¥ - - i . 1 - : v
he effcctive crushing resss ome, to détermine a nean decclerating
. The change in the velocity of the cask causcd by the

[+

' T .
Bla. e Ay - &
tig Qigiante 10T an

>
decelerating force acting during the time for defeormation through the distance ad
was then caleulated and subtracted £ at the bheginning of the
deformation inevement, Waen the educed to gero by succlissiva
sacronental dteratdens, the probdle The computery program is
d1IS0usSHCU 1In :1 eateT \'iL"’:‘;A :’Ts apr

The dmoact limiver is not effeoetive over its full height. The vifcetive
lioht is dndicaccd by the thickness eificiency term which is the ratio of & =
Cistanee the limfter will deform until fully collapsed (hotiomed) to the oi: inal
hedahit . Thas, in Figure 12, the Jupact 1 dmd Eox wild ccﬂ lapse a distance h;, bolpr
"oetieming". I& wos assused that wo more ehergy couléd be absorbed by any bduriion
of the liuiter wideh was fully defozued wmwl all Zorees were transferrad aithout
diminution througlh the collapscd strvueture and the cask ghell Into the leud s g BETETY

. 'ZL ol '.14 cank.  Thece, the remainilng enevpy was absorbed by deformation o the
J l‘ il\‘-\. ;"s’l'."-i:u-'\' ;’L' ‘AC.:J(J\‘ ;"""

A copy of the priat out of the to pericrm Ehils
sualysis is prosunted in Pigure 1. As the dedormation
ineremenss used were 0,10 in. The condition of 1 OB IO g printed out every
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y 1.00 in, of deformation. At a deformation distance, d, of
limiter nearest the impacted corner had "bottomed". The

13
d that a solution at tniu point was also printec

on (now representing deformation of load in additic

6.24 in., the
computor Ccode wa:
out and Iurther incrementa

s
1 4
- -

to portions of the impact iimiter not
s

g

yet ”uOL:omcd'} was referenced from this
point. The maximum ceceleration ogcurred at the end of the deformation and
was 95.8 6. The margin of safety of the fuel canister designed to withstand 150 G is
150
M wesdte & ] e 5]

The thickness 0; the tead remaining at the corner after deforme.ion is 2:92 1n.
i . =

The imnect limiter structure will be loaded in shear due to the sideward
ing 3 ' trated by shear stress, Tgs 1R EL rure 15, The shear

The moximum value of Fgn will occur at the maximum deccleration proct iced by the
{mpact limiter alone. This is when the impact limiter first begins to "bottom",
hy = 6.37 in,, Flguve 15. At this point, the deformation distance, d in Figure
15, is 6.24 in, from Figure 16, and the deceleration is 66.2 G,

Then

~
F
[
n s el
s&h l‘\
wiaere
Ac = the area of the ecrushoed wvolune.
Froa I 17, the avea A_ may be found as follows:
P C
.
g W sEwaew By

B 3 i
cos (V) ==; ¥ = arc cos ()
-
2 2 1
pow &y g oo \ -
A = (A i I 1 o’_: ;o:,sf,: o
< cos &

90010070



90010071



o = 2 phve "ahan o Ay 0} F wnknle A S g I T B T
The value of ke shear )'.c‘.\l strengtn of metals 1s commonly accopted as pl perceent
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2.7.2 Puncture

Forty-inch Drop on Six-inc¢a Steel Cylinder

Second in the sequence of hypothetical accident conditions
to which the cask must be subjected is the 40 in. drop onto
a 6 in. diameter cylinder. An empirical equation for the
minimum steel shell thickness required for lead filled casks
has been developed by the Oak Ridge National Laboratory(IS).

The equation has the form:

W «7%
o =(F—:—')
tu

Where:

t = minimum shell thickness, in.
W = weight of lead-lined cask, 1lb.
Ftu = ultimate tensile strength, psi.

Therefore, the required shell thickness is:

.7 .71
i) = (88.460," " _ 4 18 in.

t =g 54,500
tu

on the basis of an outer shell thickness of 1.75 in., the
present cask design is shown to comply with the regulatory

puncture criteria.

2.7.3 Thermal - The results of the thermal transient analysis

indicate that the cask inner cavity liner temperature reaches
a maximum value of AlGOF, 60 minutes after the fire begins.
This increase in temperature causes a pressure rise inside

the fuel can given as:

90010073



2.8

1”2
p, 5 ~Sb
2 Tl
. 416 + 460
= (14.7 psia) (—76#I—E€6)

24.3 psia = 9.6 psig.

From Roark(llz Table 13, Case 30, an analysis was performed
for a 1/4 in. thick can wall with a 1/2 ir thick cover and
an internal pressure of 10 psig. The maximum stress was
12,740 in the axial direction at the joint between the

wall and cover. Obviously the stress will be lower for a
3/4 in thick cover; hence, the can will not yield during the

hypothetical fire accident.

Special Form

Not applicable
Fuel Rods

In the event of a drop of the cask on its side, the fuel ele-
ments are protected by the fuel basket and failed fuel cans
acting together. Th2 2 in. long tabs welded bewteen adjacent
tubes at 12 in. intervals are intended primarily to maintain

tube alignment during fabrication and basket geometry during normal

90010074
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use. Although they will provide structural support to the basket unit in the
event of a side impact no credit has been taken for them.

The following sketch shows the orientation of the basket tubes., It
is assumed that the load of the thirteen upper tubes and the canned fuel
elements shown with cross hatch, is uniformly supported by the six tubes (not

cross hatched) located in the outer portion of the lower half of the basket.

Then the total load which must be supported by each of the six tubes is
13
2 (W, + W o,
L ( i t)g 9

where

-
-

Ve axial line load of canned fuel elements = 1.25 1lb/in.
we = axial line load of basket tube = .20 1lb/in.
g = side dimpact load = 370 G

13/6 = the ratio of cross hatched tibes to the supporting tubes

< "‘\\ - s : .‘t’/-’:.f\‘:\\
\\\.}‘\\ S / - / \\\‘ .\.\\
DA B Rl RN
e, / 1(1 ey . » /"
B Y B e i
S v RNy Ry SN
{\\.\\\.‘, ~ TN /l l ‘\:\\
t \i: By 12 .‘./'j“.~_. ~ = /

Dircction of
impact
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It should be noted that the use of the impact load as 370 G is conservative,
This value was calculated for the point of impact on the external surface of

-

the cask., Since the cask body will attenuate the shock wave, the impact force
experienced by the contents will be less than 370 G. No credit has been taken

for this attenuation however,

Then
95 ) - 13 1162 1b/4
L= (l.25 + .~O)(J70)(—g = 1162 1b/in.
In examining the orientation and welded construction of the basket
it can be seen that the load is generally applied as three concentrated line

loads and one area load as shown in the sketch below.

er to facilitate the analysis it was conservatively assumed
In order to facilit ysis it was conservatively as ]
that the load pattern can be represented by five equal forces as shown in the

following sketch. It was moreover assumed that the forces are applied at

equally distant angular locations. Since, from statics, the total load of

90010076
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1162

lb per in., acting dowawar

d on the tube is balanced by an equal resultant

force acting upward, the value of each individual line load, F, shown in the

above

downw

or

shear

sketch can be determined

ard and the other half ac

w
= e

2

(2) (1162)
L = —
-

1)

From Rourk .

r w

Wit

it is
force in the tube can be

M - M 5 ;
+max < Lan

52—

(L

18] v 1. n A T 1 , Pl
Roark, R.J.; Formalag foz

L

WR 1
G —

by assuming that half of the "F force" act

~

t upward., Thus, the total load is

= 465

that the maximum bending moments and the

Stregs and Strain, 4th edition, McCraw«KHill Pook

Co, 1965, page 174, Case

9]

Y
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M om
4
where
Fty = tensile yield for 6061-T6 aluminum = 37,000 psi
3
N bh
L 19
12
b = unit length of tube = 1.0 in.
h = tube wall thickness = ,125 in,
¢ =1/2 h
Then
| 4
(1.0) (.125) s ok as nml dnfin.
1 = Ny Rodeg -4 (L. 683000 )
o
c - - = ,0625 in.
and
T T K " =4
~(37,000)(1.63)10 ) _ o & 4w .
W, ™ 5 0625 = 96.5 in=1b/in.
Then solving for W in the above equations yield
W - omax ]
+max R (- ' 1 )
sin © o
and
” v
z‘-hix ]
“max R l '
- (g - cot 8)
ke 90010078
M = M = M. = 96.5 in=1lb/in.
+milx =1a s

R = average tube radius = 2.50 in,

R
360 % b

20 & =/ = 72 degrees
5

@ = 26 degrees = 028 radius

0
1
L
—



<]
-
-
<o)
n
w
o
{3

cot @ = 1,376
Then
1 &= g {
k+max 705 1b/in.
= 352 1b/in,
~max

The tube will begin to yield plasticly at the lesser of these two values or at

W_ = 352 1b per “a. The shear is

" _rl :)
T & —==feeee & 300 1b/in.

(2) (.568)

The shear strec

-

S 1S5

C

T 300 " A :
B ot @ e = 24,00 psi

o, =3
sh A bh (k)€,128)

he margin of safcty is

MS = =% -]
sh
where i
Fsu = the shear strength of 6061-76 aluminum = 28,000 psi
then

28.000
2,400

- 1 = large

Thus, the tube will collapse plastically before it will fail due to shear.

It is assumed that as the tube collapses down on the failed fuel can
(a radial distance of about 1/8 in.), the tube configuration is sufficiently
circular so that the collapsing force remains a constant 352 1b, Then the force
which will act upon the failed fucl can is the difference between the applicd
lead and the collapsing force, or

W w FPuly = 65+3552
ffe =W 165355
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The failed

a close fitting .002

fuel can con

steel liner.

s1i

i6L8 01 A

.062-in., thick aluminum tube with

To determine the force required to initiate

plastic yiclding of the aluminum outer shell, the same procedure is followed

as for the analysis of the basket tube.
Thus
. F
M - T
~max & c
? = 37,000 psi
ty 37y P
LD
bh
J - .
12
b=1.0 in.
h = ,0062 in.
h
¢ -
s
Then

_ (37,000)(1.99)(10°7)

€

037

ax 1

In this case R =

Then

Wat

The load which

=

W..

The stress in

e 1

the stegl

I'e feo

" R L
tie sledl

1
o

= 95 1b/ilt.

&4 i e
siNCY

* Wy ™

liner is

- cot 8

and © is 36 degrees as

must

2 r ¢
113-95 = 18

= 23,8 in,~1b/in,

above .

then is

T T
witlhstand

1b/in,
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COMPUTER PROCRAM FLOW CHART FOR ANALYSIS OF STRESSES

& Iy e et
N SHELL AKD T: P AN

The equations for stresses in the shell of the cask as defined by Roark*
for a trunnion attached to a flat plate arc as follows:

’:\:-.lupmﬂd< .y J]i_ w4+ $a=mn) " B «—g;"?' "
b Cantrai coupe Ao = m) Nas o @ 8.:&.[ L ("n—) - 'K'o_] when ko e oTap

(uanwon loeding)

Equation 1:
!‘-—7(‘7-—-’1
Nk/' ira

10 Content eevee | W 1 204t =
anbind toujee - Yo -
(U‘Mn"\:nnw (AL? mrg Max o = i'ix~'.[ I+ (:—;~) log == VT
Equation 2: R L
E; 5 e Udna)?
‘L‘/r‘ ’.
)&J 2re
A = =3
Oular elen Land and i
o proris)
8. Unliorm iued along | o
e eige "W Sodt = 3Mm 4 1) Ing { .
) (Aboubwodge) Mot o = | | = o | Mag s wheo - €34
Equatlon 3: art ahm = 1) s bima 1) v
» ".l mq--n-us-n-«»n—rn--na!‘qz A
‘ ‘ ‘ L (AL lnoer edge) Maz o = i"‘:'L: + l“'.;\:—i)m;-l&;\—:.h - | = Mag pubae ‘ >4
V'f .
‘ . :»nuvanaw!¢hw.¢v@d\(
Max -..’.w'_._,,’l o = D i oo o’ 0 2/
’ miin ehme= i) +im i)
" Outer edre hand avd |
sippeeinl  Inser |
8. ¢ edpe fiand | ow —_
. , Uniform loadd slong | [, »®
Equat ion 4 Loy aigs .(Mwud«)u-j:{l -\ b)]
Sﬁ'r nt e Wt I F oL} f Nt
" e R = C 19 B LR G P A ']

. . -
where
M = Pe
P = Bending force on the trunnion
e = Moment arm = 1/2 (STK + PP + TL
STK = Shell thickness
PP =

n

atch plate thicknes '
Jpl g e 90010086

1
t ~ STK + P

Io = Outside radivs of the trunnion
m = 1l/poissons ratio
a = Patch plate radius

W= Pull out force

B (equations 3 and &) = ry

* Roack, R,J., Fommulas for Stress and Strain, 4th editieon, McCraw=Hill Book Compaad,

New Voake Chapter 0, Vable K




The equations for stress in the trunnion are

Equation 35:

Equation 6:

where RI = the inside radius of the trunnion

Ceg &
i

ot <

1

+

o=

n

M r

O

W

= ——— +
S T
mn ro - RI ) T (
P ——
2
= R1 )

2
ro

Com D

L

2 2
P RI1I)

Enter P, W, ST, PP,

TL, 1, RI, a, m

PRINT
Entered
Jalues

Solve
1

Equations
’ 2, 3, and 4

Check for
Mathematically 50

Equations not

wWors

Combine

t Computed $

11
IETRL I S O

at Each Point in Si
Compute HMargins ©

:rcs»esl

£ safety.

as follows:

and the other terms are as above.

The flow chart of the computer program is presented below.

yes | PRIKT
vable P Gy 3 oy v gy | AR R
vaoie Messape about egquatltion
which cannot be solved,

dr-—~""“'—’————_———*‘_-—dL‘~\_‘_______’,,f”‘—

PRINT
Solutions

Equations,
Marpins

to All §
slasiimuam

nf Safety

olvable i

Compute Trunnion
Stresses,
and 6.,
Compute

‘i-ll\" Vv

Equations

Margins of

Stresses, |

il } r
. .\lt!l
\ v 34
FCEECSH .‘tl.,.h'
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OOR ORIGINAL

T P RS TN R R
BESTCH DATA FOR JETALLIC TUSE TVIPACT LIMITERS

MeFarland® ianvestipgaced the energy avsorption properties of all metallic
dovices under static loading and dynamic leading conditions up to impact velocities
of about 50 ips, tie wvas able to show that over this ranpe of impact veloc.ties the
structures re.poaded almost identically as under static loading. Pe investigated
swo materials, alumiouam and maraging steel, and three device configurations,
close~packed tubes, loose s=packed tubes aad herxagonal=ceil honey reomb. Figure O=1
illustrates the three coniiguratioms.

The speciiic energy absorption of the impact limiters is defined as

e (C~1)

u

E
sp

where

B = 8k ‘fic energy, inclb. per lb,
o) = mean crushing stress, psi

| = thickness efficicncy (also called stroke efficiency
p = unit weight, lb, per cu, in.

1o mass of Lhe impact

ic ecnerpy is a measure of the degree to which t
the impacting body. The mean

i
sor 46 utilized in absorbing the kin::x energy ot

crushing streses is the averapge stress at which the absorber structure wili begin
to deform. Ideally, the ccollapse of the jwpact & gsorber structure will continue at
chis same stress level until ail the kinelic enerpy is dbsorbed, or until uhe

structure is completely collapsed. The ratio of the maxinum distance the absorber
will eollapoe until Ybottoming" occurs o the oricinal height of the structure 1s
the thickness eificiency (stroke efficiency) of the structure. The unit weight is
the weizht per unit volume occupied by the womposite structure, Fipure C#l: The
unit weipht is a geomotrical relationsiip of tube or honeycomb cell configurations
and, us shown in Pigure C=1, it igc only & function o} the wall thickness, tube
diameter (eor cell size) and specific weight of the material of construct/on., The
weight of the end plates or other attachments is not included.

The typical collapse respoase of the tubes and hoaeyconb cell structures
undor axial loaadinz is to form twitiple conve svutions as shown in the sketeh in
Figure C»2.  Ghe energy is absorbad during collujpge in oue of three different
ways, tigid-plastie, elastic, or nl:uc}:-pinst:u. The stress pattern for the three
ways is ohown achomatically in Pigw e Cs3, McFarland presencs experimental data for

steel hexasonal eell hoasycomb struccures waich correlate very well with relations
shiys obtained by other investigators ior Lhe rigid-plastic mode of
tha moaa crushing stress can by espressed by the

y o ¢ TS 4 o R f
dapuTe [ Lo T fhege resuats shew Lol

cauation,

e = 60453 9 () 90010089

* o land, 3.K.. Jr., She Development of Metal nofieyeond (nerygy - Absorbing Elements
Joet Prepuliion Laboratory, dusauend, Califoinia, Technizal Reputi Lo §2=1139,

. 14 -
+ ¥ - Y Bt L L B
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rho rho
p = unit weight
u
p = material specific weight
t = wall thickness
¢ & mcan diameter or cell size
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£
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FICURE C=1. TIREE IMPACT LIMITER CONFIGURATICHS INVESTIGATLD
BY MeFARLAND AND DEFINITION OF THEIR UNIT WLICHTS
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McFarland subsequently concludes that the specific energy of the tubular structures
can be closely approximated by using computed data for the hexagonal cell
honeycomb. Thus, Equation C-l can be written for the case of a hexagonal cell

and a tubular structure and the two cquated.

o 1 o
mc ‘ n

sp Sl P >hcx o Esp p tube
hex tube

E (C-3)

Data is also presented by McFarland which shows that the thickness
efficiencies for the three types of structures illustrated in Figure C-1 differ
by only about 5 percent., Thus, in Equation C-3, if it is assumed that ﬁh“x = 1tubc’
the equation can be rewritten as -

. C cl c
t ne .
( p )hex o p )tubc (C-4a)
u u
or P
_tube
o .IA‘
e " e puhe" (C~4b)
tube hex h

Substituting the values of Pu from Figure C-1 in the above equations yields

close pack tubes

(o] = 3 (o]

me 4 me

cp hex
o =55.13 0 (H? (C-5)
m y ‘s

cp

and

loose pack tubes

In
0 =&
me 8 me
LP hex

a ler

o .. " 47.74 oy =) (C=6)

LY

The curves in Figure C+4 arc equations C-2, C=5, and C-6 plotted {or the
case where cy = 60,000 psi., 7This is the yield strength quoted by vendors for carbon
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: POOR ORIGINAL

COMPUTER PROGRAM FLOW CHART FOR THE ANALYSIS OF A CORNER TMPACT

The computer program for the analysis of ¢« forces acting on a cask
during impact on a corner was written for the worc se, that in which the line
of action of the resultant force passes through ti. orner" o¢f the cask and the
center of mass., The program includes the case whe:- the end of the cask is protected

by an energy absorbing device (impact limiter). Figure D-1 is a sketch of the cask
when the inpact limiter has been partly deformed.

The decelerating force, F, is the product of the area in contact with the
impacting surface and the average pressure of that area on the impacting surface,
The impact limiter is designed to primarily absorb energy by collapse in the axial
direction only, i.,e., the line of action of the axial collapsing force F in
Figure D-=lc, The energy absorbed by collapse in the radial direction, line of
action of Fg in Figure D-lc, is minimal since the impact limiter is desipgned so
that the shear stresses produced by the force, Fg, remain below the shuar yield
strength of the impact limiter. Then from Figure D=1, the decelrating force is

o= (Fc)(cos a)

= (9..) () (cos @) (0-1)
where
&
B, » 0., &
O, © uwean axial collapsing stress of the impact limiter
A = the contact area
@ = the angle of impact of the cask,.

Since the contact area, A, increcases as the impact limiter continues to
deform, distunce ¢ in Figure D-1, the deceleration force continues to increase,
In order to solve the problem, the computer code was written to calculate F at
any instant during the impact of the cask. From Figure D-2, the contact area fLor auy
defornation d, is for a<r

2 ,28 A 1
= : — - . 3] e -7
Ad (m (2n) (r51n ) (rcos )] cos « (D-2a)
2
= - (8 - si € 5
Ad Sy ( in U cos €)
Similarly for as>r 900‘ 0096
2
3 .
- s 8 4 sin © cos © -2
Ad g (0 + sin © co ) (D-2D)
. After continued deformation through the additional distance, 4d, the areca fer
agr is
A = I——-—-— 3 Ary - T} AEA 3 a .a U= <
Ad PR [(D 4 &) = sin (8 + 08) cos (9 + 49)] (L=3a)

2=-67
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and for a>»r

2
T : . A -
Ay g b "o [(8 + 89) + sin (B + £8) cos (0 + 48)) (D=3b)

The average force acting through the deformation distance, &d, was taken as the
product of the contact pressure and the average of the two areas at d and at
(d + &d). Thus

A, + A

F = Fc(cos @) ( g 2d = ad) (D=4)

Then 1if Va is the velocity of the cask at deformation d, the velocity at d + 4d is

64.4 F

s na1/2 ¥
2L a0y (0-5)

2
Va 4 2a " T -

where
W = weight of the cask

and the other terms are as defined above. The program then continued to increase
the deformation, d, in increments of Ad until the velocity of the cask was reduced
to zero,

The calculation of the decelerating force was modified when, during the
execution of the program, the deformed axial height of the impact limiter, h, in

¢ ( ; ‘ e a
Figure D-la equaled the stroke distance defined as

hy hT| (D=6)

where

h = impact limiter active height (Figure D-la)
T = thickness (or stoke) efficiency of the impact limiter.

At this point, it was assumed that no more energy could be absorbed by those portions

of the impact limiter which had "bottomed"., 1n addition, no credit is taken for
encergy absorbed by deformation of the shell of the cask, Therefore, for continued
deformation, energy was assumed to be absorbed in the lead portions of the cisk as
well as in those portions of the impact limiter not yet bottomed, The contribution
of the lead to the decelerating force was evaluated according to Equations D=1 and
D=4 as for the impact limiter except that for the lead, the term, cos ¥, was
owitted since er.rgy absorption by deformation of the lead is not directional. The
lead flow pressure, commonly accepted as 10,000 psi, was uged for the term Fe in
these equations, A flow chart of the program is presented in Figure D=3,
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' ( START ) variable Names

: oAl Bk . = 3 W cask weight
Knter W, D, STK, ETK, SIDETK, ENDTK, . i A P AT
W1, WIMP, TKEFF, PPB, PIMP, DELT, VI B ¥ i et o
) il i o il ol o STK side shell thickness
ETK end shell thickness
\z SIDETK side lead thickness
ik ! ENDTK end lead thickness
Initialize all Other Variables, Set ahas ' P e el
: ' 5 HT cask height (without
Ylag Values and Counters e =
impact limiter)
| HIMP impact limiter height
Y TREFF thickness efficiency
" . . ey of impact limiter
Print Program Descripticn. ; A ! e
: PPB lead 110w pressure
rint. Entered Values \e i
PIMP mean crushing stress of
impact limiter
'y DELT deformation increment
T oo . Vi initial velocity
Perforin Preliminary Calculations 4

l Othey

Vs
Soicanmen _<:5:> G deceleration
‘ ™ time

l

. !1ncrca:.cnt &d

+ fd)txb

Set Flag 1

Solve Eq. D-3 for (d + &d) =
| (d + &4d) - hb

L solve Eq. D=4 for Pb

Solve Eq. D=3 for
d + 4d = d + &d i

Yes
Subtract kq. D=3 for Pb
: from Eq. D=3 £ npact
No }fo' q D‘3 for Impact
v Limiter+ Pb
.

: 90010100

FIGURE D=3, TFLOW CHART CF COMPUTER PROCRAM TO CALCULATE
DECLLERATION OF CASK IMPACTING OR A CORLER

2*71




¥ ©

Solve Eq. D=4 for lmpact Limiter and
Add to Solution of Eq. D=4 for Pb
(if any)

-

}

golve Eq. 5 |
Compute G, TM

~lonpare

\\ Vd 1 A

\-r w08 ZCTO0

Vi + 8d> 0

vd + Ad =0

ol STOP j
7& H,

Set Initial Variables Equal
to Final Variables

FICURE D-3. (Continucd)
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COMPUTER PROCRAM FLOW CHART FOR THE ANALYSIS OF A SIDE IMPACT

)

The computer program for a side impact of a cask on a flat, unyielding
surface was written to accommodate a cask with stepped sides., It neglects
encrgy absorption by yielding of the cask shell and assumes that all energy is
absorbed in deformation of the lead. The decelerating force at any instant duriug
the impact is the product of the area of lead in contact with the unyielding surface
and the flow pressure of lead (conmonly accepted as 10,000 psi). From Figure E-l
it is seen that the area in contact with the unyielding surface varies as the
deformation, d, increases.

A~

8 S S

f
| |

e}

1

FICURE E~)l., CONTACT AREA FOR CASK UNDER SIDE IMPACT
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o
N

Thus,

A, =2 [rz (r=d) ]1/2

d
2.1/2

Ay =2 (2rd - &%) E-1)

Similarly after additional deformation through a distance 4d. the area is

1/2

A =2 [2r (d + 0d) - (d + b)) V/% y (E-2)

d + 4d

The average deceleration force acting through the distance 4d is

A + A,
2

FspP ( =4y

(E-3)
where

P = the lead flow pressure.

The velocity at the end of the deformation increment is

('§'(4 F A

where

W = weight of the cask
Vg = velocity at the beginning of the deformation increment.

4

The program increases the deformat
of the cask is reduced to zero. The t
initially token as the length 9f lead in the
stepped casks When the deformation has p:ﬁ:ncdod until the lead in the smaller
di ameter section also comes into contact with the impacting surface, the above
calculations are repeated for the geometry of this portion of the cask. The total
decelerating £orce then is the sum of the contributions from each portion of the
cask. A {low chart of the program is presented in rFigure E~2,

n in increments of A&d until the veleeity

L&
f lead undergoing defermation, H, is
larger diameter g;ction of the

90010104



{ START :> Variable Narmcs

e

l Impact
A\

4

. W cask weight

Enter W, D, DSM, HT, HID, STK, TTK, BTK, D cask diameter, large step
¥, DELT, V1 DS cask diameter, swmall step
HT cask weight
l HTD lenpth cf large diameter ¢
X STK shell side thickness
Initialize all Other Variables TTK shell thickness, top end
Set Flag Values and Counters BTK shell thickness, bottom e

DELT deformation increment
VI initial velocity

l P lead flow pressure
\
A

Print Program Description,
» E'1 b < v | 22 Yy ~ ‘
Pint Enetered Vaiucs

<

-
Perform Preliminary Calculations l

4

1
w

Increment od

(d + &d)) 0-‘

peter Step
D-DSH L
2

'“‘H Solve Eq. E=2 for Small
{ )

) sr Ped  YFADT N ALERT VD RN AT AN
FIC~ n;} L e }L,L“m CIUARL C-.‘ Cﬂ‘ .L):. aeid iA.C\':\A\‘l AC‘
ok AR el e Mok e AR RS kAR A
CALCULATE DECELERAT 10N OF CASK 1*PaCT1NG
sk OTTVE
PLE Y m(lo--'u
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\1
Solve Eq. E-2 for Large
Diameter St

I

ep

2 )
L

A}

i

Add Contact Areas for Two
Steps of Cask
Solve Eqs. E=3 and E~4
l
Caleculate G, T™
S T i

Ll
\A[
UiNdava

- 1 AA g
¢ + &0 v A
. * T4 + &d,

By TH. - s

v "

d + &d =0 /7
&= Stop
. )

Y

[y Temd 4 1 v 4 2R Y
Sat Initial varladbles
$ a1 SEanl A2 d-akz s s
leuuo LO FPinal variaobices
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o“.u.ncd in the cask cavity, wis
of cask shield temperatures. The
mpl yed are shown in Tables &, 9,

od Bt e 2 (4e alupinum fucleglement basket was assumcd
to hove on cifective emigsivity of 0.8, The nommal operating condition tempuratures
of cazhk contencs (fuel element cans and basket), assuming @ meximum thermal load
0f 17,790 btu/hz (14,230 stu/hr decay heat, 3,540 Bru/lir solar load) for the cass
5y°:¢“ cre iliustrases inm Pigure 245, Since it is excremaly unlikely that the cass
vould be engulfed by the hypothetical fire accident while in any pesition otner
than the horizontzl positien (i.g., normal shipping position is horizeatal), toe starts

ns temperatures for the firze transient calculations are those illustrated in

Fizure 25. Figuve 25 {ljustrates the thermal history of selectad vogions of tug
cazk cantents during the fire and up to 3 hours after the hypothetical Iire
coeifent ot which time avtivicial cooling may be used., Although tie cask sysiem
wvas enalyzed for 2 total imternal heat load of 14,250 Btu/hr, the total heat
teensferred by eonduction, thermal radiation, and convection from the alundoui Dasket
to the ianers liner of toe cask (wall of the cask eavity) is only 12,700 Dru/ar.
he romeining source thermal pawer (1,550 DBtu/hy) escapes the fuel element anc Laskas
rerion of the cask cavity in the form of gamma radiastion incident on the cask euvily
gell. The besket and Zuel element region temperatures illustrated inm TFigure 2+ and
Fisure 48 zre therafore calculated for 2 heat transfer of 12,700 Btu/hr. of thornel
sower from the aluminum basket to the cask covity wall,

To preperly account ding of the heat generated in tie
central YO=in, fuglec region n axial scction consisting of
the ‘graahita 3l elarent, d iron fuel can, and (3 n

t

s analyzed assuming
N B
M -

(— (‘u

therzal nedt sturce ALsbiziousl 27s The discribution wis
Getermined by fitting the equ
’ 1504
§{x) = A+ b cos [77

to emplrical data.

The empirical daota used are listed below

(1) Maxjwum veactor fucl element operating power = 174 kwth
2) Averape resctor fuel element operating power ® 140 kwth
/ H o
(3) Maxisum local - to-core average specific pover ratio = P8

(4) Maximum fuel element decay power = 750 Btu/hr

\D) fotdl fuel eleaeat. duelad Z'(E’t;is).‘. QiU & 9 f(‘.
(gepunas YOein. long % 3.5«in dia. fueled

Using the above data

S(x) = (7£3.5 + 1156, cos [7=)) Ltu/breft
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1t was determined that of the 222 Btu/hr generated in the center

2 ft. section of the fueled region of the fuel element, 39.8 Btu/
hr or 17.9 percent was conducted axially. The thermal analysis

of the basket region assumes that the remaining 82,1 percent of
the available heat load is conducted and/or radiated from the
central 2 feet of the fuel and basket in the radial direction only.

The top and bottom covers of the cask were not analyzed specifically
since the analysis presented above contains sufficient conservatism
to permit extrapolation to those cask regions. Furthermore, the

end covers are protected from the fire » the steel impact limiters.

90010121



3.4 Appendix

3.4.1 Computer Codes Description

T:,)'"_"\ - Trevesases N
(U 1hiL e
<4 '
'I Tt - computer pY v - - > > . $ = & P P - P
i Al AR « } 8 «C - LU 3 4 2Ll = .~ -
e &1 - . F 4 L2
vV als il ety L S | o1 51 oL = v - - 5 . " ~ 1. ~ L . .
i
| i * 4 p
LOVY Lo i g L & 5 L - =] SR Gk 2 | <
mapiim ¥ o= 1 ~ ‘
& - | SR 24 e e 4 C £ ol T ol 24/ T 1 ol agfa T ! Cakd, b e & LiT
'
4 AU
A 4
- % . "y £ - » o ]
nooe o= (4] Mamw LTALSLCT C ¢ O S e o § y CK Cean,;
.y 3
A LA - ‘
N ) -
WS *=L o= u0Und (R 0 | MR Yy £ CAON e 5 .
& {
i /5 v .
LKL (U S W p I 2 [ 8 434 GO | 4
, .
La Aaliplis Al H
- e 1 - ]
. A ~ & y .~ .3 E 3 .
’ - " ) % ~ ) -
Ls 1 : « 4 e W 'S o RN SEPel | : -> - {
' 2
. LR . 33300 - L s
’ .~ . 3 ' N t - Lw o - - o b L . 4 L .-
5 . 1 | g
i QLS 8 Y s Paxd | e )
(2) Y T . ) )
L&) SAQW poginet £ C 1 e CRRTLNECS : -
. Einrid ENY A
& - . e -

(3) Radiation linkages between nodes or between nodes and external
boundaries without liwmit to the number of linkages for a node {ace.
(4) Initial rates for fluid flow, surface flux, and internal heating.
(5) Convective heat trans{ efficient data. These take the form of
ables of Nusselt Number as a function of heynolds Number for which linear
nterpolacion is done between t ral logarithms, or the form of correlation
equations of the Dittus-Boelter type for Nugselt Number.

-
”
o
o

ne natu
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(6) Thermal resistance coefficients which can be assigned between
faces of neighboring nodes,

(7) Temperature-dependent tables for material properties, including
emissivities for boundary radiation, Material property tables can also indicate
the .sothermal energy absorption (assuming heating) which is to take place during
phase cliange.

(8) Time-dependent tables which can include fluid inlet temperaturc or
boundary f£luid temperature, convective heat transfer coefficients, fluid flow

surface flux, internal heating, and temperature for radiation boundariecs.

Corsiderabl~ lata checking is done Lo assure consistent, conplctc problcn input and

thus avoid . sccd computer time. Edited output in the form of tables of physically
connected nodes and tables of temperatures as functiens of time can be obtained to
enhance readability of output and to facilitate data plotting,

Teapcruture solutions are obtained by 1tLraL$vo solution of simultancous
algebraic equations for node temperatures derived from finite-difference analysis.
The use of simultaneous equations (the implicit m;tuod of formulating nodal heat

balances) precludes any stability 1zrxtaL.aug on '1w~-1rgxc ments and permits a direct

steady-state solution at any stage of a cowputer rTunm, including oluLions Lo serve
as initial conditions for a transient. Convergence of a temperature olution is
recogniged and coatrolled by tolerances on the residual heat buluucxb which
provide a measure of the “imperfection” of a solution as well as by the convens
tional maxinum change in any node temperature during an iteration sweep.

Figure F-~1 illustraces typical nodal geometrie which can be constructed,
and exarples of the face-to-face connections (facc 1 to face 3; face 2 to face &4
face 5 to face 0). $ince only face connections of arbitrary node=to=ncde

arrangements are required, l-, 2-, or 3-dimensional ieat transfer networks cun be
readily constructed.

900101235
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6.1

6.0 CRITICALITY EVALUATION

Discussion

Requlatory Criteria

Regulatory criteria pertaining to criticality which are
applicable to Fissile Class II shipments such as in the W&K
Model No. PB~1 Cask are delineated in § 71.37 and § 71.29 of
10CFR71. These sections of the regulations are summarized
as follows:

* 71.37 Evaluation of an array of packages of fissile

material.

(a) An array of packages shall be evaluated by subjecting

a sample package to the conditions specified in

71.38, 71.39 or 71.40.

(b) In determining whether the standards of the Class
I, 11 and II1 sections are met it will be assumed
that consistent with the condition of the package:
(1) The fissile material is in the most reactive

credible configuration.

{(2) Water moderation occurs to the most reactive

extent,

90010138
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6.2

Package Fuel Loading

Determination of Allowable Number of Packages

The number of allowable packages that can be shipped was
calculated from the equatiocn:

50 _
~ =1t

where N is the allowable number of packages and It is the trans-
port index or minimum number of radiation units. For the case
of sole use of vehicle shipments, § 173.396(f) or 49CFR states
that for nuclear criticality control purposes, the transport

index must not exceed 10. Thus, using this transport index,

e

5 71.39 Specific standards for Fissile Class II package.

(a) For a Fissile Class 11 package; design, constructed,

loaded, and number limited so that:

(1) Five times the number of undamged packages would
be subcritical in any arrangement with close

water reflection.

(2) ™wo times the number of packages damaged by the
Appendix "B" tests would be subcritical in any
arrangement with close water reflection and
optimum interspersed moderation or built-in

moderation if it is greater.

(b) The number of radiation units to be fifty divided
by the allowable number of packages, rounded up to

next higher tenth.

90010139
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the number of casks that could be shipped was calculated from the above
equation and found to be 3.

On the basis of the allowable number of packages determined above,
§ 71,39 of 10-CFR=Part 71 specifies that 5N or 25 packages remoin suberiticsl
under normal conditions and that 2N or 10 packages remain subcritical under
accident conditions,

The container is shown to undergo little dimensional change in the

accident conditions; thus, shipment of 25 packages will be the most reactive

casc.

6.3 Model Specification

0

Caleulational Procedure

o

The criticality evaluation of the W&K Model No, Pi~1 shipping container
was made using the KENO computer code, A modified 16-group Hansen and Roach™
cross=scction set was used for all calculations.

The fuel for all calculations was assumed to be compact Type A (see
Table 1 and Figure 1). This fuel type is the most reactive of the fuels to be shippe

A T | Aty ey * AN Ve ” . ' el -
TABLE 1, TFUEL COMPACT LOADINGS FOR PCACH BOTTOM FUEL
»
-~

(loading per 3 inch of compact

Compact TvpL A B C D
licavy Lignk Heavy
Deseription Standard Rhoo fum Rhodium Thorium

Th=232 5210 5
U=234 (max) 0.156
U=235 9.70
U=236 {max) 0.052
U=238 0.505
0
5

115,36
0.082
50 1(0

-
O S oy

-
ON
N

.
g

OSSO O WMo

w

.

Rh=103
Carbon 28

R L N

o
@

C OO OoO ng
L
O W

o
o
fa]
o
GO WVLON

o
MO OOwvOrN
v O

| 3
w
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* Bell, R.,I., Devaney, J.J., Hansen, G,8., Mills, C,B,, and Roach, W,H., "Los
Alanos Croup-Average Cross Sccotions", LASM=2441 (1963).
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Calculations were made for a 5 x 5 x 1 erray of PB-1 containers
surrounded by & water veflector. It was assumed that there was no water

between the unite of this array. This represents the most reactive configurat

The analytical model for the PB-1 concainer is shown in Figure 2
'}
region of the inner cavity of the shipping container was homogenized assuming
water fiiled the inner caviiy.

6.4 Crxtlcallty Calculation
Using this analytical model, the calculated value of Ke’f for a

S x 5 x 1 array of Peach Bottom I containers was 0.72 X 0.02,

ion

and the number densities for each region are shown in Table 2. The active fuel

Additional calculations were made to determine the effect of homogenis~

zation of the inner cavity material on the caslculeted value of K fg Conparison
&

<

was made botween a detailed analytical model of & 2 x 2 x 1 array of Peach Bottom

surrounded by a lead reflector and one where the fuel and basket were honogeni:

The detailed analytical model for the 2 x 2 x 1 erray of Peach Dottom

fuel is shown in sure 3 and the nunber densities for each region are given

in Table 3. Yor this calculation there is no homogenization of the fuel. Only

the 90-in. active length of the Peach Dottom fuel is considered and each fuel

g
e
v
1
—

element is placed in an aluainum basket identical to those used in the
shipping container. The calculated Kefi for this model was found to be ,31
+ 015,

A second calculation was made for which the fuel region (containing
four Peach Pottom fuel elements), was homogenized, Figure &4 shows the
analvtical model used for this caleulation and Table 4 gives the number
densities for cach region of the model. The calculated chf

was .33 T .C15.
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TABLE 4, NUMBER DENSITLIES FUR HOMOGENTZED
MODEL OF 2 x 2 % 1 FUEL ARRAY
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1 ' \
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238
v i B
m, 23 2
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b

6-11
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. O:}";‘/",':‘l
.004033
01431,

.007155

90010148



6.4.1

fuel

S$1inge

Criticality Results

PR |
LG

s =TI M
The results

comp

al'ecs

£
be

of these two
avorably with

=

>Li‘-'1lt ;}' conservati

the validity

Ll‘l‘& S

e amo
ol

£y
LU

€

Y

i

.

-
a

iucl

Pag
o

homogenization

3 - 5'A.w o -
Pb=1 containers.

the detailed fuel model for calculation ©

-~
=
-~

scheme

-ions show that the homogenized

~

{
s

s of ¥ ... These results substan
eil
on for the PB-1 K calculations,

was used for the calculation of the

70010149



6.5 Appendix

6.5.1 Computer Codes Description

KENO (Originator -

als A
0ak Ridee

vatio

nal Laboratery

Frs

KENO is a three=dimensional multigroup

written in FORTRAN IV for the IBM=360 computer.
of this code has

the code is its special geometry package
dusceviptions of systems which are

rore complux systems, the code can
developed for
handled which

(CEM)
made
use
the 05R Monte Carlo code.

can be described by a col

been converted to the CDC-6400 computer.,

Monte Carlo criticality code
Battelle-Columbus version
A salient feature

chree-dimensional

The

which allows

up of evlinders, spheroids, and cuboids, For
the generalized geometry package (GEQU)

With this paclkage, any system can Le
lection of plans and/or quadratic surfaces,

arbitrarily oriented and intersecting in arbitrary fashion.

fultigroup cro

S5 sec such as the Hansen and Roach lé-group set are
used., Up to 30-greoup cross sections cun be used with the Battelle-Columbus version
KENO. 1In the code, neutron scattering is assumed to be isotropic in the
laboratory system for all elements except hydrogen. The anisotropic scattering

hydrogen is found from the randomly determined energy change associated with
the neutron-aydrogen collision,

Encrgy and
‘l'i Lh

3

14 -
b SVSLL’..u

-

regions of widely neut

raaging

The computer time required o sol

couwpa ared to similar Monte Carlo codes. Also,
times than the two-dimensional tramsport code,

o
'

13

spacially dependent biasirs

ng can be used to reduce the variance
ron ;mpcrcuncc.

4 given problem is quite short as
KENO generally has shorter computing
DUT, for the same problen,
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7.0 OPERATING PROCEDURES

. 7.1 Procedures for Loading and Unloading the Package

Detailed loading and unloading procedures are given Appendix 7.2,
Procedure No. TR=0OP-002, "Handling Procedure for Chem-Nuclear
Systems, Inc. (CNSI) Transport Cask CNS 4-45, C of C No.

USA/6375/B (F).

90010154



QUALIT{
6- ‘0‘4-'

W19

REVISIONS
REV. DESCRIPTION DATE APPROVED
NV s
Ul 7 90010153
‘ [ l _ REVISION STATUS
SHEET 4 , : ) ur v 1 TR’
REV - - P = - N
SHEET | 8 19
REV, i
PREFARED DATE
1Sk .,.//,;/75 CHEM — NUCLEAR SYSTEMS, INC
c;cecxeo / ‘ TITLE
A lpsdi? ) gy 79 ANDLING PRO £ FOR
GNGIh‘iEER ' ‘ "- ". L\: .
WA dys 177/ et S
7 AUARLITIA
Ufwijsﬁnuuw CGPY

APPROVE D
vl gy PN

-
.

& : Ak ad

CONTRACT NO.

DOCUMENT NO.

IR =0 P~

REV. SHEET

CNSQ 1001/8.78




1
i

TLE/APPROVAL

o
ol »
NECrD [PTI
Ly Po L9 00 & ¢
o K7 .
0N VLD
T 16 e
LISEOLE AN
WL B /3
s LN @t { L
ANV ow
AJ v )
o A A
i AN f

PAGE

%,

) ser Check=off Sheet
DOCUMENT
TR = ()P = )
LN 4 &

w

CNSQ 1002/8 .78




( N
1.0 SCOPE
1.1 Purpose
This document establishes procedures for the routine handling, loading,
and unloading of CNSI Transport Cask CNS 4-45 Model Number PB-1.
1.2 Applicability
This procedutre applies to CNSI Transport Cask CNS 4-45, Model Number
PB"'l-
2.0 CASK DESCRLPTION
The CNS 4~45 (Model No. PB-1) is a mild steel encased shipping cask designed
for transporting low-level radicactive material (see Figure 1), The cylin-
drical cask is 173 1/8 inches long and 42 1/2 inches in diameter except for
31-5/8 inches at the end which is 40 1/2 inches in diameter. The principal
shielding consists of 6 1/4 inches of lead. The cask cavity is 26 inches in
diameter and 159 inches long.
Each end of the cask has a cover and an impact limiter. Each impact limiter
is boited to the lid and the cask by four (4) of the twelve (12) 1 1/4-inch
cover bolts, There are twenty-four (24) cover bolts in all. Each lid con-
sists of two (2) 1 1/2-inch stainless steel plates with 4 inches of lead
shielding., FEach impact limiter consists of a bundle of 2 l/4-inch, 13-gauge
tubing welded between 1/4=inch stainless steel plates. The cask also has two
(2) drain valves and a vent.
CASK WEIGHTS (APPROXIMATE):
CASK LID WEIGHT 3,000 pounds
IMPACT LIMITERS (EACH) 630 pounds
CASK WEIGHT (EMPTY, WITH LIDS INSTALLED) 57,050 pounds
MAXIMUM CASK PAYLOAD (INCLUDING SHORING) 10,000 pounds
MAXIMUM CASK WEIGHT (LOADED) 67,050 pound s
MAXIMUM DECAY HEAT 3. ¢ 15 Watts
DOCUMENT REV, Freve
-0P-002 - 3
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3.0  REFERENCES
Code of Federal Regulations (CFR) Title 10, Part 71
Title 49, Part 172
Parts 173.38Y-173,3%8
Part 391
Federal Motor Carrier Safety Kegulations Part 393,100
CNS1 Transport Cask CNS 4=45, Model No. PB-1 Certificate of Compliance
No. 6375
Battelle Memorial Institute Drawings No. 9123-6PB-0001, Rev. E (Whitehead &
Kales P'-1 Shipping Container) and 000-000-552, Kev. A (Fuel Basket Container
Assembly PRDC)
4.0 REQUIREMENTS
4.1 Tools, Materials, and Equipment--At Shipper's Location
4.1.,1 CHRSI-furnished ltems
(a) CKS &=45 (PB=1) cask and trailer
(b) CNS 4-45 (PB~l) cask license and documentation
(c) CNS 4=45 (PB-l) cask lid gaskets and spare parts
(a¢) CNS 4-45 (PB-1) fuel basket container or liner, as required
(e) CNKNS 5=45 (PB~1) cask lifting yoke
(f) CNS &4=45 (PB-1) 1lid lifting device
(g) C&S 4=45 (PB-1) cask pressurization test equipment
(h) CNS 4-45 (PB~l) redundant lifting yoke, if required
(1) Pressure relief valve
4.1,2 Snipper-furnished ltems
(a) Crane compatible with loaded cask, filled fuel basket, and
cask lids
(b) Auxiliary wobile crane compatible with cask lids and impact
limiters
(c) Cask and lid lifting yokes
(d) Lifting sling compatible with filled fuel basket and loaded
. CadsK
(e) Lifting tools compatible with cask lid litting devices
90010159
DOCUMENT HEV | SHEET
L IR=0P~002 - 7 )

CNSQ 1002/8.78




""l"

Q.0

S s

(f£) Tools
(1) 0-150 ft 1b and 150-600 ft 1b torque wrenches
(2) Proper size sockets
(3) Ratchet and breaker bar with drive
(g) Acceptable bolt lubricant (Moly-Z, Neolube, or Anti-Seize)

(h) Health physics (HP) instrumentation and support materials
pi f

Tools, Materials, and Equipment--At Unloading Site

(a)
(b)
(e)
(d)
(e)

(£)

(g)
(h)

(1)

(3
(k)

Crane compatible with loaded cask, filled fuel basket or liner, and
cask lids

Auxiliary wobile crane compatible with cask lids and impact
limiters

Lifting and unloading hardware

Horizontal lid lifting yoke

Front-end loader or equivalent equipment

Une throw-away hook assembly with approximately 30U feet of cable
attached

Wood blocks

Lifting sling compati..e with loaded cask, tilled fuel basket or
liner, and cask lid

Tools

(1) 0=150 ft 1b and 150-600 ft 1b torque wrenches

\

) Proper size sockets

{

(
(3) Ratchet and breaker bar with drive
Acceptable bolt lubricant (Moly=-Z, Neolube, or Anti-Seize)

Health physics (HP) instrumentation and support materials

Prerequisites
PEESIERSOY G

Not dpp] icable.

Acceptance Criteria

Not applicable

5.0 HANDLING PRECAUTIUNS
5.1 Treat the inside of the cask, the bottom of the cask lids, and any
material removed as contaminated.
5,2 When lifting the cask, keep crane cables vertical at all times to avoid
lateral movement of the cask.
DOCUMENT REV. SHEET
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When unloading the cask, remain clear of the cask as the lid is removed.

Radiation will stream from the cask.

Survey the cask cavity for radiation and contamination levels after the

cask contents have been removed. Decontaminate as required by the

health physics technician after the contents have been removed.

Remove any liquid from the cask cavity. Treat this liquid as radio-

active waste,

Visually inspect the cask for damage to the cask lids, gasket, gasxet

seating surfaces, lifting trunnions, lifting yokes, impact limiters, or

tie-downs.

To prevent personal injury and cask damage, ensure that free-standing

ladders are secured and attended by personnel. Do this before climbing

onto the cask.

Before the cask leaves the facility, the following shall be contirmed:

(a) That any external lifting lugs or trunnions are properly covered
for transport.

(b) That the cask is secured to the trailer in accordance with Section
393,100 of the Federal Motor Carrier Safety Regulations and the
Certificate of Compliance.

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

(d) That exterior radiation levels do not exceed 1V mR/hr at 6 feet ana
2 mR/hr in the tractor cab, in accordance with 49 CFR 173.393 (i),

(e) That the outer package is sealed with anti-tamper seals.

(f) That all drain plugs are securely installed amd sealed with anti-

tamper seals.

LUADT NG V@gyhbikh

TG
ROUTLE S

KEEP CRANE CABLES VERTICAL AT ALL TIMES TO AVOID LATEKAL MOVEMENT Of

THE CASK.

THE CASK SHALL BE REPLACED ON THE TRALLEK IN THE EXACT ORIENTATLION AS
IT WAS KECEIVED UNLESS SPECLIFIC APPKOVAL AND/OR INSTRUCTIONS TO Tilk

CONTRARY ARE KRECEIVED FROM CNGI.

=

IDENTIFY THE “TOP™ OF THE CASK BY THE REMOVABLE PORT IN THE CENTER OF

THE "10P" L1D. 90010161
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b.1 Position the trailer under the overhead crane (35-ton capacity).
6.2 Prepare to remove the impact limiters.

CAUTION: EACH IMPACT LIMITER WEIGHS 630 POUNDS.

(a) Attach the crane hook on the mobile crane to the lifting lug on
each impact limiter.

(b) Remove the four (4) 1 l/4-inch Lolts on each impact limiter using a
two-inch socket.

(c) Slowly remove each impact limiter.,

(d) Move each impact limiter to a convenient position on the trailer or
in a clean set-down area.

(e) Detach the crane hook.

6,3 Prepare to attach the cask lifting yoke.

(a) Using a 1 1/2-inch socket, remove the two (2) 1 1/2=-inch bolts that
attach each tie-down plate to the cask cradle in four places.,
Remove a total of eight (8) bolts and retain them for
re-installation,

(b) Remove the four (4) cask tie-down plates and retain them for
re-installation.,

(¢) Attach the crane hook to the lifting yoke.

(d) Remove the two (2) keepers by removing two (2) bolts each.

(e) Attach the lifting voke to the two (2) lifting trunnions on the
“top" of the cask.

(f) Raise the cask about six inches and attach the two (2) keepers to
the lifting yoke with two (Z) bolts each. Use a 1 1/8-inch socket
to attach the bolts,

b.4 Prepare to upright the cask on the trailer.
NOTE: DO NOT PLACE ANYTHING UNDER THE CASK UNTIL THE CASK 1S IN A
COMPLETELY UPRIGHT POSITION.

(a) Slowly lift the cask to a vertical position, keeping the crane
cables vertical at all times to avoid lateral movement of the cask.
Slowly advance the crane bridge, or the trailer, if necessary,
while lifting the cask.

(b) Inspect the cask for damage. If necessary, rinse road dirt from
the cask exterior.

(¢) Place clean plywood or equivalent material under the bottom of the
cask to prevent roreiyn material (contamination) from embedding

DOCUMENT REV. SHEET
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into the surface of the cask, Plywood should be secured to the
lower trunnions and retained to protect the bottom of the cask when
it is lowered into the pool.

6.5 Prepare to open the cask vents.

CAUTION: TREAT ALL PLUGS REMOVED AS CONTAMINATED.

(a) Expose the valve and test ports by removing the four (4) covers at
the center of each trunnion, four (4) cover bolts each.

(b) Remove the pipe plugs from the two (2) drain valves un the bottom
of the cask and the vent valve on the top of the cask. Ketain the
plugs for re-installation.

(¢) Open the two (2) drain valves on the cask bottom.

(d) Open the vent valve at the top of the cask.

(¢) Ensure that all valves are in the full open position.

6.6 Prepare the cask for lowering into the pool.
NOTE: THE CASK LID IS NORMALLY KEMOVED UNDERWATER. 1F THE L1D 1S TO BE
REMOVED BEFOKE THE CASK Is IMMERSED, CONTACT THE HEALTH PHYSICS
DEPARTMENT BEFORE REMOVING THE LID.

(a) Attach the lia lifting device to the cask lid.

(b) Move the cask to the pool.

(¢) Remove the cask lid bolts.

(d) Lower the cask to the bottom of the pool. Allow time for the cask
to fill with water before removing the lid, This step will prevent
inrushing water from dislodging the O=ring from the 1lid.

NUTE: WHEN THE AIR BUBBLES STOP COMING FRUM TdE TOP VENT, THE CASK 1S

FULL OF WATER.
(e) Allow the cask lifting yoke to swing down and clear the lid,
(t) Remove the crane hook, if necessary.
6.7 Prepare to remove the cask lid,
CAUTION: TREAT THE UNDERSIDE OF THE LLD, THE INSIDE SURFACES OF THE
CASK; AND ARY BOLTS OR SEALS REMOVED AS CUNTAMINATED,

(a) Confirm that the cask is filled with water,

(b) Attach the crane hook or a suitable eatension tool to the lid
Lifting device.

(c) Slowly remove the cask lid.

NOTE: CAREFULLY UBSEKVE THIS OPEKATION TO CONFIRM THAT THE O-RING

DOES NOT FALL FROM 1TSS RETAINING GROOUVE., [F THE O=-RING
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DOES FALL, REMCVE THE LID FROM THE POOL AND KE-INSERT THE U-RING
OR REPLACE 1T WITH A NEW O-KING.

(d) Move the lid to a convenient position (in the pool, on the deck, or
suspended from the crane or extension tool).

(e) Remove the crane hook, if necessary.

6.8 Load the cask, exercising caution not to damage the gasket seating
surfaces.,

NOTE: ADD VERTICAL OR LATERAL SPACERS TO THE CONIENTS OF THe CASK, LF

NECESSARY, TO PREVENT SIGNLFICANT MOVEMENT DURING NOKMAL
TRANSPORT CONDITIUNS.
6.9 Prepare to replace the cask lid.

(a) Attach the crane hook to the cask lid lifting device, if necessary,
and lift the lid onto the cask.

(b) Carefully lower and position the lid on the cask using the align-
ment pins.

NOTE: TwO (2) ALIGNMENT PINS MUST BE ENGAGED BEFOUKE THE LID 1S PROPERLY

ALIGNED, '
6. l0 Prepare to raise the cask to the surface of the pool.
CAUTION: TREAT THE CABLES, THE CASK, THE CRANE HOUK, AND THE LIFTING
YOKE AS CONTAMINATED, RINSE THEM WITH CLEAN WATER.,

(a) Attach the crane hook to the lifting yoke, if necessary.

(b) Slowly lift the cask to the surface of the pool and insert the lid
bolts, hand-tight.

(¢) While raising the cask, rinse the cables, cask, crane hook, and
lifting yoke with clean water,

(d) Suspend the cask over the pool and allow all of the water to drain
out of the cask.,

(e) Estimate if an appropriate amount of water has drained out of the
cask, an amount consistent with the cask contents. 1f it appears
that drain blockage has occurred, check clearance with a hand pump
or slight (5-10 psi) pressurizations

(f) Rinse the valve ports with clean water.

CAUT10N: DO NOT MOVE THE CASK FROM THE POOUL SUKFACE WHILE IT IS STILL

URLIPPING WATEK.
(%) Monitor the cask (as required by the health physics technician) tor
neutron and gamma radiation,
DOCUMENT REV, SHEET
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(h) Allow the cask to drain completely.
NOTE: PROVIDE ANTI-FREEZE INSIDE THE CASK TO PREVENT FREEZING, 1F
APPROPRIATE.,
6.11 Prepare to check the pressure relief valve.
(a) Unscrew the relief valve from the trunnion and place it on test
stand.,
(b) Increase the pressure until it relieves at 85 psi.
(c) Replace the valve if it is faulty or re-install the valve if it is
operable,
b.1Z Prepare to move the cask to the decontamination area.
(a) HKemove the keepers from the cask yoke, if necessary.
(b) Remove the lifting device from the cask lid.
(c) Close the top vent.
(d) Close one (1) of the two (2) drain valves on the bottom of the
cask.
(e) Replace the plug in the closed drain valve and in the top vent.
(f) Tighten the eight (8) 1 1/4~inch lid bolts using an alternating
pattern. Torque them to 100 + 10 ft 1b (90 + 9 fr 1lb if
wubricated).
(g) Re=torque the eight (&) 1id bolts to 300 + 30 fr 1b (270 + 27
tt 1b if lubricated), using an alternating pattern.
6,13 Prepare to perform the cask pressurization tesc.
(a) Attach the cask pressurization test equipment to the open drain
valve on the bottom of the cask.
(b) Pressurize the cask to a minimum of 30 psi or a maximun of &0 psi.
(c) Hold the pressure for five (5) minutes while checking for pressure
leakdown with the test equipment gauge. 1t the cask does not hold
pressure, check for leakage in the O-rings in the top and bottom
lids, tbe two (Z) drain valves, the cask vent, and the pressure
gauge connections at the four (4) trunnion locations.
(d) Vent the cask to the plant ventilation system, the fuel pool, or
other acceptable contamination containment area.
(e) Correct any leakage and repeat the pressure test, if necessary,
until the leakage is controlled.
(£) Close the drain valve and repeat the pressure test for 30 seconas
to assure a sealed drain valve. 900' 0] 65
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() Remove the pressure test equipment and replace the pipe plug in the

drain valve.
6.14 Decontaminate the cask and yoke surfaces., Obtain a health physics sur-
vey to confirm that the cask is free of contamination.
6.15 Prepare to replace the cask on the trailer.
CAUTION: KEEP CRANE CABLES VERTICAL AT ALL TIMES TO AVOID LATERAL
MOVEMENT OF THE CASK,
NOTE: REPLACE THE CASK ON THE TKAILER IN THE EXACT ORIENTATION AS
RECEIVED.

(a) Attach the lifting yuke and keepers to the cask lifting trunnions,
if necessary.

(b) Lift the cask in a vertical position.

(c) Back the trailer under the cask.

(d) Lower the cask onto the trailer by carefully lowering the bottow
trunnions into the tie-down saddles at the appropriate end of the
trailer., Move the crane bridge or back the trailer SLOWLY to keep
crane cables vertical. Note the offset of the bettom truunions to
tilt the cask in the proper direction,

(e) Remove the keepers from the lifting yoke while the cask is at a
convenient height and before the trunnions enter the lower saddles,

(f) Rewove the lifting yoke and decontaminate all parts.

() Reload the yoke, the lid lifting device, the pressure tester, and
all spare parts onto the trailec,

(h) Place the cask tie-down plates on the cask cradle and replace the
two (£) 1 1/2=inch bolts *hat attach the plates to the cask cradle
in four (4) places. Replace a total of eight (8) bolts in all.
Torque to 100 + 10U ft Ib (90 + 9 ft 1b it lubricated).

(i) Move the cask and trailer outside the loading facility, if
necessary.

b.16 Prepare to replace the dmpact limiters

(a) Attach the crane hook to the lifting lugs on each impact limiter.

(b) Fosition each impact limiter on the cask.

(¢) Replace the four (4) 1 1/4=inch bolts on the impact limiters using
a 2=inch socket. Torque to /0 + 7 ft lb (63 + 7 it 1b if
lubricated).

90010166
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(d) Attach lead wire seals to the lifting shackles on the impact
limiters and secure them to the trunnions. Seal both impact
limiters.

b.17 Before the cask leaves the facility, the following shall be conflirmed:

(a) That any external lifting lugs or trunnions are properly covered
for transport.

(b) That the cask is secured to the trailer in accoraance with Section
393.100 of the Federal Motor Carrier Safety Regulations and the
Certificate of Compliance.

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

(d) That exterior radiation levels do not exceed 10 mR/br at 6 feet and
2 mR/hr 4in the tractor cab, i cordance with 49 CFR 173.393 (3).

(e) That the outer package is sealed with anti-tawper seals.

(f) That all drain plugs are securely installed and sealed with anti-
tamper seals.

6,18 Complete the USER CHECK=-QFF SHEET and send a copy along with the

shipment.

7.0  UNLOADING PROCEDURE
NOTE: ALL PERSONNEL HANDLING TdE FILLED FUEL BASKET SHALL OBSERVE
ESTABLISHED SITE RADIATION PROTECTION PROCEDURES.
KEEP CRANE CABLES VEKTICAL AT ALL TIMES TO AVOLID LATERAL MOVEMENT OF
THE CASK.
[HE CASK SHALL BE REPLACED ON THE TRALILER IN THE EXACT ORIENTATION AS
[T WAS RECEIVED UNLESS SPECIFIC APPROVAL AND/OR INSTKUCTIONS TU THE
CONTRARY ARE RECEIVED FKOM CNS1.
LDENTIFY THE "TOP"™ OF THE CASK BY THE REMOVABLE PORT 1IN TuE CENTER OF
THE "Top" LI1D.
7,1 Position the unloading crane at an optimum distance to facilitate otlf=
loading and to minimize operator exposure,
DOCUMENT REV. SHEET
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Prepare to remcve the impact limiters.

CAUTION: EACH IMPACT LIMITER WEIGHS 630 POUNDS.

{a) Attach the crane hook on the mobile crane to the lifting lug on
each impact limiter.

(b) Remove the four (4) 1 1/4~inch bolts on each impact limiter using a
two-inch socket.

(c) Slowly remove each impact limiter.

(d) Move each impact limiter to a convenient position on the trailer or
in a clean set-down area.

(e) Detach the crane hook.,

Prepare to remove the cask tie-down plates.

(a) Using a 1 1/2-inch socket, remove the two (2) 1 1/Z2-inch bolts that
attach the tie-down plates to the cask cradle in four (4) places.
Remove a total of eight (8) bolts and retain them for
re~installation,

(b) Kemove the four (4) cask tie-down plates and retain them for
re~installation.

Prepare to lift the cask horizontally.

(a) Attach the cask lifting slings to the crane hook and position the
sling around the four (4) cask lifting truanions.,

(b) Lift the cask horizontally.

(c) Position the cask (on plastic sheeting) near the disposal trench
and block the "top" end of the cask with wood blocks to allow lid
re 'ZIUV\%.L .

Prepare to remove the cask lid,

CAUTION: KREMAIN CLEAR OF THE CASK AS THE LID IS REMOVED. RADLATION

WILL STREAM FROM THE CASK.

(a) Position the mobile c¢rane to remove the lid from the cask.

(b) Attach the horizontal lid lifting yoke to the "top" Llid of the
cask.

(¢) Attach the mobile crane to the liftin yoke.

(d) Kemove the remaining eight (8) 1 1/4=iu~h boles from the cask lid.
Retain for rve-installation.

(e) Remove the cask lid., Swing it clear of the cask and wrap it in

plastic, Leave it suspended from the mobile crane or position as

bakataeds 90010168
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7.6 The health physics technician shall conduct a radiation and
contamination survey to determine offloading precautions.

7.7 VPrepare to remove the contents of the cask.

(a) Attach the hook/cable assembly to the liner.

CAUTLON: DO THIS AS QUICKLY AS PUSSIBLE TO MINIMIZE EXPOSURE.

(b) Reposition the cask over the edge f the trench and allow the cask
to rest on the ground. The open end of the cask should be over the
disposal area of the trench,

(¢) Lead the throw-away cable assembly from the cask to the front-end
loader.

(d) As directed by the HP technician, vacate all persons from the
immediate area except for the crane operator and a rigger. The
rigger shall stand in clear view of the crane operator,

CAUTION: THE NEXT STEP MUST BE DONE CAUTLOUSLY TO AVOID BREAKING THE

CABLE., DO NOT ALLOW THE CABLE TU GO SLACK. DO NOT PERFORM
ANY MOVEMENTS 1IN A JERKING MANNER,

(¢) Slowly move the front-end loader so that the attached cable will
pull the liner out of the cask., Continue movement until the liner
clears the cask and is in burial position in the trench,

(f) Detach the throw-away cable from the front-end loader. Allow the
cable to fall into the trench.

7.8 Reposition the cask to its earlier position on wood blocks.

7.9 The health physics technician shall survey the interior of the cask for
radiation and contamination levels., Decontaminate if acceptable levels
are exceededs
CAUTION: TREAT ANY LIQUID IN THE CASK OR USED IN THE DECONTAMINATION

PROCESS AS CONTAMINATED.

7.10 Visvally inspect the inside of the cask for damage or for liquid accumu=
lation., [If the inside surfaces of the cask are damaged, remove the cask
from service.

7.11 As the health physic¢s technician directs, clean the inside of the cask
lid, the U-ring, and the seating surfaces, Replace the U-ring if it is
damaged .

7.12 Prepare to replace the cask lid.

(a) Visually check to confirm that the O-ring is in place in its re-
taining groove. 9001 0‘ 69
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(b) Attach the crane hook to the lifting yoke on the cask lid and lift
the 1id onto the cask.

(¢) VPosition the lid on the cask using the alignment pins.

NOTE: TWO (Z) ALIGNMENT PINS MUST BE ENGAGED BEFORE THE LID 1S PROPEKLY

ALIGNED,

(d) Replace the eight (8) 1 1/4~inch 1lid bolts, using an alternating
pattern. Torque them to 100 + 30U ft 1b (90 + 9 ft 1b if
lubricated).,

(e) ketorque the eight (8) lid bolts to 300 + 30 ft 1b (270 + 27 ft
1b if lubricated), using an alternating pattern,

(f) Remove the lid lifting yoke and the crane hook.

7413 Decontaminate the cask and yoke surfaces, Obtain a health physics sur-
vey to confirm that the cask is free of contamination.,
7.14 Prepare to replace the cask on the trailer.
CAUTION: KEEP THE CRANE CABLES VERTICAL A7 ALL TIMES TO AVO1D LATERAL
MOVEMENT OF THE CASK,
(a) Attach the lifting sling to Lhc cask lifting trunnions, if
necessdarys
(b) Lift the cask in a horizontal position, keeping crane cables ver=
tical at all times to avoid cask swing.
(¢) Lower the cask onto the trailer by carefully lowering the cask into
trunnions into the tie~duwn saddles on the cask cradle,
NOTE: REPLACE THe CASBK 1IN THE EXACT ORIENTATION AS RECEIVED. Tk
DESICNATED "TOP" OF THE CASK I8 I1UENTIFLIABLE BY THE BEMOVADLLE
PORT IN THE "“TOP" LID.
(d) Remove the lifting slings.
(¢) Reload the lid lifting device and all spare parts onto the trailer,
(f) Place the cask tie-down plates on the cask cradle and replace the
two (2) 1 1/Z2=inch bolts that attach the plates to the cask cradle
in four (4) places, Replace a total of eipght (8) bolts in all.
forque to 100 + 10 fr 1b (90 + Y ft 1lb if lubricated).
/.15 Prepare to replace the impact limiters,
(a) Attach the crane hook to the lifting trunnion on each impact
limiter,
(by Position each impact limiter on the cask.
90010170
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7.16

(¢) Replace the four (4) 1 1/4-inch bolts on the impact limiter using a
2-inch socket, Torque to 70 + 7 ft 1b (63 + 6 ft 1b if
lubricated.

(d) Attach lead wire seals to both impact limiters.

The¢ health physies technician shall survey all exterior surfaces of the

cask for contamination and radiation levels. Ubecontaminate, as re-

quired, to meet the limits set forth in Section 173,397 of CFR 49,

Before the cask leaves the facility, the following shall be confirmed:

(a) That any external Ljifting lugs or trunnions are properly covered
for transport.

(b) That the cask is secured to the trailer in accordance with Section
393,100 of the Federal Motor Carrier Safety Regulations and the
Certificate of Compliance,

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

(d) That exterior radiation levels do not exceed 10 mR/hr at 6 feet and
2 mR/hr in the tractor cab, in accordance with 49 CFK 173,393 (j).

(e) That the outer package is sealed with anti-tamper seals.

(f) That all drain plugs are securely installed amd sealed with anti-

tamper seals,

B.U KEPORTS AND KECUKRDS
The following reports shall acc . all loaded shipments:
{a) HKRadioactive Shipping Record (KSR)-—prepared by the shipper's nealth
physics department.
() Vehicle Radiation Survey--prepared by the shipper's health physics
department,
(¢) Bill of Lading==prepared and certitied by the shipper.
(d) User Check=-uff Sheet=--~prepared and signed by the shipper,
DOCUMENT REV. SHEET
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8.0 ACCEPTANCE TESTS AND MAINTENANCE PROGRAM

8.1 Acceptance Tests

8.1.1 Fabrication Inspection

In addition to the standard testing procedures described in
Construction Specifications and Procedures and Appendix 7.2,
the following inspections will be performed by the fabricator
to the satisfaction of Battelle nersonnel prior to shipping
the cask to the Peach Bottom Atomic Power Station:

(1) Check the mechanical fit and operability of all
parts, including the cask lifting yoke and tilting
device.

(2) Pressurize the internal cavity of the cask with
water and air to 150 psig and hold for one hour.

. (3) Check the operability of the relief and drain
valves.

8.1.2 Preliminary Inspection

The following inspection and tests will be completed at the
Peach Bottom Atomic Power Station before the initial use of
the cask:

(1) Check all tiedown mechanisms for appropriate
tightness after receipt of cask.

(2) Check all steps of loading procedure for fuel
and salvage canisters.

(3) Verify handling capability during all steps.

(4) Check mechanical fits and clearances of all
components, including fuel and salvage canisters.

(5) Check cask for complete water drainage.

W 90010173
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8.1

Prior to each use, the cask will be given a routine inspection

3

(6)

(7)

(8)

Check cask decontamination using Peach Bottom
Atomic Power Station decontamination procedure.

Verify shielding effectiveness by measuring radia-
tion levels in air at all cask exterior surfaces
with cask fully lcaded with irradiated fuel
elements,

Verify cask thermal capacity by monitoring mid-
plane outer surface temperature of fully loaded
cask until equilibriwrn is achieved.

Routine Inspection

to ascertain that the cask and its contents satisfy the

applicable requirements in Subpart C of 10CFR71 and 49CFR171-

179,

including the following:

(1)
(2)

Visual inspection of cask for damnage.

Visual inspection to assure that the cask cover is
in place and properly sealed.

Placement of lock wires and seals on drain valves,

Monitor external radiation levels to assure that
radiation constraints are not exceeded.

Monitor the cask outer surface temperature to
assure that the equilibrium temperature will not
exceed the maximum design operating temperature
during transport.
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TANDARD CONSTRUCTION SPECIFICATIONS AND PROCEDURES

Cask Suiface Finieh
1486=-5F-801

Acceptable surface finish to be used in cask construction where machined
and/or polished surface components are joined or asscmbled are listed below:

(1) The material surface should be machined or polished
in the same direction where at all possible

(2) he surface finish of the components should be comparable
(3) Acceptable equivalent surface finishes

(A) DNumber 3 ground surface

(B) Microfinish No., 63 on machined surfaces

(C) Cold rolled finished surface

(D) Polished surface using 150 gr.t

Weldinp Procedure for Cask Censtruction
. B=WF=101 Kevised &/1Y%08

Cencral

This specification covers the welding of austentic stai
clad stainless steel by the Metallic Arc Process and the TIG Proc
provisions are essentially those of the American Society of Mechan
Boilers and Pressure Vessel Code Section VII1 Unfired Pressure Vess
and Scetion IX Welding Qualifications 1962 Edition.

8,
cal Engincers
ele 1562 Edition

Operator OQualification

All welders shall be qualified in accordance with Section IX of the ASME
Boiler and Pressure Vessel Code,

Baze Yetal 90010176

This procedure is applicible when welding involves jeining the following

e s e o

waterials:

(1) Plate = ASTM A=167 TP 304
(2) Pipe - ASTM™ A=312 TP 304
(3) Bars s ASTM A=276 TP 204
(4) Plate = ASTM A~240 TP 304
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Filler Metal

Electrode materials shall comply with the following:

(1) ASTM = A -~ 298 E-308~15 lime coated
(2) ASTM = A - 298 E-310-15 lime coated
(3) ASTM = A = 371 GR=308 (TIG Process)
(4) ASTM =~ A = 27655 E~308-L

Process

(A) Welding of all passes shall be done by the shi.lded metal arc
process or the tungsten inert gas process.

(B) Tungsten electrodes shall conform to ASTM £+297 and shall be
classification EWth-2., Shielding gas shall be welding-grade argon of 99.9 minimun
purity.

(C) 1nert gas shielded tunpsten arc welders must be equipped with starting

amperage adjustment control and built in high frequency to permit easy starting,
continuous operation and to produce crater free welds.

Preparation of Base Metal

(A) No welding is to be done on edges or surfaces which have been arc
or flame cut. Where arc or flame cutting is employed, not less than the following
amount of materiul shall be removed from the cut edge.

Thickness of Material Cleanup Allowance
Up to 1 in, 1/4 in.
1 in. to 2 in. 1/2 in.
2 in, to 3 in. 3/4 in.
All (plasma cut) 3/32 in. miu,

(B) All paint, oxides, and scale on any surface involved in and for
a distance of 2 in. adjacent to a weld joint shall be removed by grinding prior to
any welding,

(C) The surface of the base metal shall be free of oil, grease, cutting
fluids and other impuritics for at lecast 1 in. on ecach side of the joint,

(D) Linecar defcets on the surface of the weld joint end preparation
shall be repaired for a minimum of 3/4 in. from both edges of the weld joint if the

defects; 900]0]77

(1) Are not approximately parallel to the surface of the
base material

(2) Are approximately parallel to the surface of the base
material and are io cxcess of the limits specified below
from various base¢ material thicknesses:
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Maximum Total Defect

Base Material Thickness Length in 3 in.
1/4 in. or below 1/16 in.
Above 1/4 in. to and 1/8 in,
including 1/2 in.

Above 1/2 in. to and 1/4 in.
including 2 in,

Above 2 in, 3/4 in.

(E) Defective material such as linear defects, cracks, craters, slag
occlusion or porous welds will be removed by grinding. Grinding shal]l be done using
rubber or rcsin bonded aluminum oxide or silicon carbide wheels, If burrs are
required, carbide burrs will be used, none of which have been previously used on
ferrous type material.

(F) On all ground out cavities no less than a 1/16-in. radius per 1l/4=-in.

of depth will be permitted.

Preheat and Interpass Temperature

Preheat shall not be employed except when the base metal is below 60 F.
Preheating shall be performed to raise the temperature of the base metal to within
the range of 60 to 85 F. The interpass temperature shall not exceed 200 F for scal
welds and 350 F for other welds.

Equipment
(A) Wire Brushes = wire brushing shall be done when using stainless

steel wire burshes which have not previously been employed on any other type material.
(B) Orinding Wheels = grinding shall be done using rubber or resin-

bonded aluminum oxide or silicon carbide wheels not previously used on any other

type material.
(C) Deburring = filing or deburring operation shall be carried out only

with carbide files or deburring tools not previously used on any other type material.
O 3 S | |

Joint Preparation and Assembly

(A) The edges or surfaces of all parts to be joined by welding will be
prepared by machining or grinding, and will conform to dimensions outlined on pros
duction drawings.

(3) All joints will be cleaned and free of all scale, dirt, grease,
oil, paint, or other foreign matter.
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technique using elecrrode weaving shall not excaoed ti

(1) Weldins

timocs the diameter of the electrode core wire being employed,

(2) Therc will be no undercutting vallevs, grooves, or other irie
larities along the ecdges or at the center of the weld reivfareements

(3) All slag or flux remaining on any laver will be removed veict
thie next successive layer is deposited. AlL craters shall be ground oul,
penefrant inspect fivst layer (root pass) of ail w lds. Visual inspacilion o
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(2) Contour and surface condition of outside surface
of welds

(3) Degree of undercutting

(4) Evidence of mishandling, tool marking, or
excessive grinding,

(¢) All welds shall be inspected for scundness of liquid penetrant

or ecxamination as per attached Specification No. 748 DPL.

Liguid Penetrant Inspection 748-pT=201
Revised 12/1/07

Surface Preparation

The surface being examined shall be free from scale, slag and adhering
or imbedded contamination, As welded surfaces, following the removal of slag, shall
be considered suitable for liquid penetrant inspection without grinding if this does
not interfere with interpretation of the test results and if the weld contour
blends into the base material without undercutting.

(A) Pre-cleaner used shall be Acetone or Trichloroethylene.
(B) Liquid Penetrant Test Material « Magnaflux Penetrant = Type
SKL=HF having the trade name==Snotcheck~=manufactured by Magnaflux Corporati u or

any equivalent sulfur and chlor.... frce material may be used,

C) Developer = Mapnaflux Type SKD-NF, nonflammable (sulfur frec .
13 ¢ J ’
Trade namee<~Spotcheck-~manfuactured by Magnaflux Corporation or equivalent,

(D) Cleaner = Magnaflux Penetrant Clearner, Type SKC-NF or equi alent,

Application and Procedure

The temperature of the surface to be tested shall be between 50 F and 100 F.

Clcaner shall be used on the surfaces in the weld areas and allowed to thoroughly dry
for 5 wminutes, The complete surface shall be theroughly and uniformly coated with
penctrant by spraying or bushing and ghall be kept conpletely wetted for a minitwum

of 10 minutes and a maximum of 20 minutes, Any complete drying of penetrant during
this tine shall require recleaning and repeating the test,

After the alloted application time has expired, the dye penetrant shall
be removed by wiping the surface with a lint-free cloth., 7This operation will
continue until mont of the peurtrant has been removed., The remaining penctrant
shall Le renoved by wiping the surface with a clean cloth dampened with penctiant
cleaner., TFlushing of the surface with any liquid following application of the
penetrant and prior to developing is prouibited.
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surface drying = The drying of test surfaces after the removal of excess
penetrant shall be accowplished only by normal evaporation, or by blotting with
absorbent paper or clean, lint-free cloth, Forced air circulation in excess of normal
ventilation in the inspection area shall not be used.

peveloping = A nonaqueous wet developer reconmended by the penetrant
manufacturer shall be used, Immediately prior to application, the developing liquid
should be kept agitated in order to prevent settling of solid particles dispersed
in the liquid. The developer shall be uniformly applied in a thin ceating to
the test surfaces by spraying unless otherwise specified for specific cases in the
approved inspection procedure, Pools of wet developer in cavities on the
inspection surfacd shall not be permitted since these pools will dry to an excessively
heavy coating ia such zreas resulting in the masking of indications., Inspection
should be made a minimum of 5 minutes and no later than 30 minutes after the
developer is applied.

Lighting in test area = The test arca shall be adequately illuminated
for proper evaluation of indications revealed on the test surface.

Final cleaning = When the inspection is concluded the penetrant materials

shall be removed as soon as possible by mezns of suitable solvents in accordance
with the grade of cleaning required by system or component specifications.

Accentance Standards for Liquid Penetrant Inspection

1f indications are believed to be nonrelevant, at least 10 percent of
cach type of indication shall be explored by removing the surface roughness believed
to have caused the type of indication to determine if defects are present, The
absence of indications upon reinspection by liquid penetrant inspection after
removal of the surface roughness shall be considered to prove that the indications
were nonrelevant with respect to actual defects. 1f reinspection reveals any

indications, these indications and all of the or.ginal indications in the same arca shall

shall be considered to be defects. Defects shall be evaluated to the acceptance
standards below:

(A) All surfaces shall be free of all eracks, laps, fissures, and
other lincar defects, and free of linearly disposed rounded defects when there
are four or less such rounded defeets in a line and cach is separated from the
adjacent defeects by less than 1/16 inch. HKounded defects are any defects that
preduce liquid penetrant indications which are circular or elliptical with the
long axis less wore than twice as leng as the other 2xis and with no sharp corners.

(3) Liquid penetrant inspection shall be used to evaluate rounded
defects which are not lincarly disposed. All surfaces shall be free of lincar
and lincarly disposed defects ag specificed in (A) above and shall also be frce
of rounded defects in excess of the limits specificd in Table A=l.
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Maximum dimension of rounded defect Number of indicated rounded defects
allowed per squarce inch or per O=1nch
length of weld, whichever is less,

1/32" and less The total nunber of indicated defects
shall not exceed 20 and shall be

vandomly distributed.

Greater than 1/32" to and The total number of defects shall not
ancluding 1/16" exceed 10 and shall be randomly
distributed,

GCreater than 1/16" None allowed,

= s e 2 - e o e e St . - e - e grear)
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Hydrostatic Testing Procodure
136-111601

Pressure leak testing will be employed to chect .he cavity for luaks.

The first of two such tests will be performed after the cavity subassombly
construction has been corpleted

Temporary plugs can be uscd in cavity openings LO complete this test,
The test consists of closing the necessary openings in the cavity and completely
£i)1ing with water., The cavity will then be pressurized with air to a fis
pressure of 150 psig. This pressure must be held for a period of one hour with

S 1ium

no detectable learage.

test will be performed after the cask is completed. Tne2

A final leak
followed as for the first test with all permanent Littings
\e

same procedure will be

in place, and with the relief val opening sc aled,

Pourine Procedure for Lead Shielding 7486+1. 01001

Revised 2/3/00

This speecification covers the standard practice followed in providing
void=free lead shiclding.

1, Cleanirg of lLead Containcys

1.1 Interior cavitics and surtaces of container shells which are
to be in contact witn lead shielding will be cleanscd of loose
mill scale, weld slag, and all carbonacvous materiuls.

1.2 Containers will be filled with water for the purpose of clcaniog,
checking for lcall tightness.
1.3 Units reguired to dissipate larve auantities of heat and
' i ]
L

which do not incorporate the vdward Lead Company's patented
heat removal fins will be cleaned by sandblasting before

assembly.

1.4 Gurfaces to witich lead is Lo o¢ bonded will be tinned prior
to fabrication where practical. Wweld arecas to be tin Lv

1" from each weid suriace.

1.5 Individual procesures will be established {or bonding tead
to the surfaces of fabricated containers,
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2, Material Seclection

2.1 Llead of a grade qualifying as Federal Specification QQ-L-17l1c~
Grade C or B29-55 or equivalent will be used in shipping
containers unless otherwise specified,

2,2 Special lead types will be selected and tested for low back-
ground shielding systems where this requirement is specified.

3., Description of Equipment

3,1 Sufficient melting capacity must be provided to allow for
continuous pouring of the lead.

3.2 All kettles must be provided with facilities for pouring lead
from the bottom of the kettle,

3,3 Pumps will be utilized to fill extra long or high containers,

3.4 Equipment for dross-free pouring will be used where zequired.

‘ 4, Openine for lead Filling

4.1 Containers will be provided (where possible with large pour
openings in order to allow for easy dross removal and proper
agitation of the molten lead., (A 4=in. diameter opening 18
the minimum size for adequate lead pouring and dross removal) .

4.2 All areas which could possibly trap air will be vented with
scal=off plugs.

$. Preheating of Containers

5.1 Normally the lead containment will be uniformly heated to
450-500 F (f 25 F) over the entire surface prior to lead
pouring. The above temperature will be checked by a contact

pyrometer.

5.2 Air drafts must be limited so as not to vary the heating and
cooling temperatures of the containcr surface by more than
50 F.

6, Filling of Containers

&

The temperature of the lead at the time of filling must normally
range from 750 F to 600 F. The lead temperature, when pourcd,
must not exceed 850 F because of excess dross formation. if
copper, brass, or aluminum alloys are present in the lead
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cavity, the maximum lead=pouring temperature must not exceed
750 F ard remain molten for not more than 24 hours.*

6.2 A lead fill pipe will be located to minimize splashing as
the molten lead enters the container.

6.3 The lead fill pipe will be located to prevent the 1 n
lead from impinging upon the container walls, ther: re~
sulting in hot=-spot distortion of the container,

6.6 The lead fill pipe must be located so that the molten lead
does not impinge upon any copper or brass parts in the
container.

6.5 The lead=flow rate should be adjusted for continuous flow in
order to fill the container as rapidly as possible.

6.6 At the completion of the fill, the temperature of all lead
in the containment must be above 625 T as checked by a
chromel-alumel thermocouple sheathed in stainless stecel.

6.7 The molten lead in the filled container must be mechanically

agitated for the purpose of freeing any entrapped solid
particles, dross, or gas bubbles.,

7. Lecad Cooling

7.1 The molten lead in the container must be cooled from the bottom
up in increments small enough to insure that only one solidi-
fying froant exists in the container, A normal cooling profile
in a cylindrical container above the solidification front should
show increment of 10 F to 20 ¥ per foot of height.

7.2 The molten lead in the container must be thoroughly probed

and agitated to facilitate the release of entrapped gas
and particulate matter.

7.3 All foreign matter and dross must be removed from the surface
of the lead.

8. Filline Lead Shrinkape Void

8.1 Molten lead at a ninimum temperature of 750 F will be added
in small increments from ladles to £fill the normal shrinkage
void.

* The temperature of the molten lead resting in the container awaiting solidification
should not exceed 700 F. The temperature of this lead shall be continuously

monitored. e 900'0]85



8.2 A record will be kept of the weight of all lead added to
£111 the shrinkage void when a volumetric check is made in
place of gamma probing.

L 8.3 Direct heat may be carefully applied to the lead surface
last in the solidification process to insure that the f£ill
area is free of voids.

8.4 The f£ill opening will be filled to the proper level, dross

removed, and the lead surface fire-polished to finish the
pouring procedure.

9, (Closure of lLead Fill Openings

9.1 All openings must be cleansed of lead splatter and lead oxide
before welding the closure plug.

9.2 Closure-plug welds must not penetrate into the lead,

ghieldine Intesrity Testing Procedure
7648-CP=401 Revised 5/3/68

l, Scope

This procedure oovers the limits and methods for testing the integrity of

the lead shiclding in radioactive material shipping containers by 1 2ans of a gamna
ray source.

2. Equipment

(a) The gamma ray source shall be encapsulated and the external surface
free of loose contamination.

(b) The gamma ray source and detection equipment shall be capable of
detecting a void, at any place in the v:ad shielding, equivalent to the thickness
of the penctrameter in the table below. This sensitivicy capability shall be
checked with the lead penctrameter attached directly to the outer surface of the
container.,

(¢) Shielding components to be tested should be located so as to be
remote from any shiclded or unshielded source of radiation which might otherwise
interfere with reliable test results.

() The equipment for positioning the source shall be capable of

physically locating the source on or near the container bottom at the center near
the top just below the cover and at all interuediate positions iuside the cask.

90010186
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TADLE A-2. GAMMA PROBE SENSITIVITY CHART

Thickness of Lead, Dimensions of Penetramecer
inches inches Indication
< 002 % 1 x 2 clear definition
4 093 x 2 % 4 clear definition
6 125 % 3 x & clear definition
8 JAB7 % 4 x 4 clear definition
9 250 x 5 x 5 definite indication
10 30 x 6 X 6 definite indication
il 500 x 6 x 6 definite indication
. 3., @Gamma Probe Inspection
‘ (a) The entire surface of the container shall be gamma probe inspected
on a grid as given below.
Lead Vertical Horizontal
Thickness, Distance, Distance,
inches inches inches

Owvwooo &S
Eai o SR I FUR )
DD DwLP

(b) All significant deviations in shielding integrity shall be recorded
on an appropriate drawing and be made available to the inspector.

(¢) Questionable arcas shall be mapped and outliued on the side of the
container with chalk,

(d) Any area showing a shielding deficiency of 10 percent belew the

. normal average shall be repaired., The repair shall be accomplished by a procedure

acceptable to the owner and reprobed as in (c¢) above,

90010187
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