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1.0 GENERAL INFORMATION-

(v)
1.1 Introduction

The CNSI 14-195H shipping cask is a top-loading, shielded container
designed for the transport of low specific activity (LSA) radioactive
wastes. The cask will accommodate fourteen (14) 55 gallon drums or one
195 cubic foot steel liner.

The cask is the primary containment vessel for the transport of
radioactive wastes. It consists of a cask body and main cask lid
which incorporates a second smaller diameter !id which is used only
when the cask contains a 195 cubic foot liner.

.

The cask is a right circular cylinder 831/8-inch diameter by
89 7/8 inch with a 77-inch diameter by 801/8-i.nch cavity. Lead
shielding is 2 3/16-inch thick, and is encased in an outer steel shell
3/4-inch thick and inner steel shell 1/8-inch thick. Positive closure
of the silicone rubber sealed lid is provided by twelve l 1/4-inch diameter
cap screws. A secondary lid with a neoprene seal uses eighteen 3/4-10UNC
bolts for closure. The cask is welded to a 96-inch square base plate,
has two lifting trunnions, three lid lift rings and one secondary
lid lifting ring. Package gross weight is' 56,600 pounds.

1.2 PACKAGE DESCRIPTION

1.2.1 Packaging

1.2.1.1 Geometry and Materials of Construction

CASK B0DY

ine cask body is a steel-lead-steel annulus in the form of a vertically
oriented, right circular cylinder closed on the bottom. The side walls
consist of a 1/8 inch inner stainless steel shell, a 2 3/16-inch thick
concentric lead cylinder, bonded to the inner and outer shells, and a
3/4-inch thick outer steel shell. The steel shells are welded to a
concentric top flange designed to receive a silicone rubber gasket.
Two lifting trunnions are welded to the top flange and the outer steel
shell.

CASK LID

The cask lid is identical to-the cask walls except that the inner shell
plate is 1/4-inch steel. Incorporated into the main cask lid is a
secondary lid installed concentric to the main lid. The secondary
lid covers a 26-inch diameter opening and is fabricated identical to
the cask side walls. The secondary lid is fitted with a neoprene gasket
and is bolted to the main lid with eighteen 3/4-inch diameter bolts.
The main cask lid is bolted to the cask body with twelve l 1/4-inch diameter_

) by 6 finch long bolts.

See Chem-Nuclear Systems, Inc. Drawing No. 1-189-101, Revision AF for
details on the foregoing.
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1.2.1.2 Weights

.
Gross Cask Weight 38,800 lbs.
Cask Shell Weight 32,500 lbs.
Total Lid Weight 6,300 lbs. -
Secondary Lid Weight 850 lbs.
Maximum Payload 17,700 lbs.

>

1.2.1.3 Containment

All steel components of the cask were constructed with ASTM A-36 steel.

A. All solidified radi~ ive wastes will be contained with 55 gallon
drums or a 195 cubic fwt steel liner and there is no potential for
galvanic or chemical reactions between the package components and
the package contents.*

B. 55 gallon drums and 195 cubic foot liners are equipped with positive
bolt-on or crimped-on type closures. The cask lid is positively
closed as noted in 1.2.1.1. In addition, each cask is equipped
with a seal feature which provide positive indication that the cask
may have been tampered with.

C. The main cask lid is sealed with a silicone rubber gasket and
the secondary lid with a neoprene seal both of which are bolted to
assure that they are water and pressure tight.

1.2.2 Operational Features and Procedural Controls

As required by Section 71.51 of 10CFR71, Chem-Nuclear Systems, Inc. has
established a quality assurance program which satisfies the applicable
criteria specified in Appendix E, " Quality Assurance Criteria for Shipping
Packages for Radioactive Materials." A description of this program was
approved on October 25, 1979 by the Chief, Transportation Certification
Branch, Division of Fuel Cycle and Material Safety, NMSS, USNRC.

Section 13.2 of the CNSI Quality Assurance Program requires:

1. Transport cask handling and operation shall conform to the
written handling and operation procedure for each licensed cask.

2. Prior to the shipment of a transport cask all conditions of the
i

NRC's Certificate of Compliance (specifications, tests, inspections)
shall be satisfied. All required shipping papers shall be prepared
and shall accompany the shipment.

3. Quality Assurance through the Q.A. personnel located at Barnwell, I

S.C., is responsible for auditing all critical cask handling, storage |
and shipping operations conducted by Barnwell Site Operations personnel.

i

4. Established safety restrictions concerning handling, storage and
shipping shall be included in the handling and operating procedures
for transport casks.

O. .

.;

Handling and Operating Procedures for the_Model 14-195H Transport Cask
have been prepared. These procedures are supplied to each user of the

!

. package to assist them in adhering to the requirements of Section 71.12 L
of 10CFR71. j

1-2
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l.2.3 Contents of Packaging;_

(1) Type and form of material

i (i) Process solids, either dewatered, solid or solidified
' in secondary containers, meeting the requirements for -
i low specific activity radioactive material, or
1

; (ii) Solid reactor components in secondary containers, as
required that meet the requirements for low specific'

j activity radioactive material.,
!

-
i

!,
(2) Maximum quantity of material per package

j Greater than Type A quantities of radioactive material with
the weight of the contents, secondary containers and sharing
not exceeding 17,700 pounds.

.
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(~'} 2.0 STRUCTURAL EVALUATION
LJ

2.1 Structural Design

STANDARDS: TYPE A PACKAGING

Type A packaging must be so designed and constructed that, if
subjected to the following environmental and test conditions,,

no reduction in required package effectiveness would result.

ENVIRONMENTAL

HEAT

Direct sunlight at an ambient temperature of 130'F in still air.

COLD '

An ambient temperature of -40 F in still air and shade.

REDUCED PRESSURE

(v''') Ambient atmospheric pressura of 0.5 atmospheres (ABSOLUTE, 7.3 psia)

VIBRATION
Vibration normally incident to transportation.

O,
V

|

)

i
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(
't/ TEST CONDITIOE

FREE DROP

A free drop through a distance of 1 foot onto a flat essentially
unyielding horizontal surface, striking the surface in a position
for which maximum damage is expected.

.

PENETRATION
Impact of the hemispherical end of a vertical steel cylinder lh inches
in diameter and weighing 15 pounds, dropped from a height of 40 inches

~

onto the exposed surface of the package which is expected to be most
vulnerable to puncture. The long axis of the cylinder shall be per-
pendicular to the package surface.

49CFRh173.398REF:
page 289 .

O,-

i
R.j
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(_) 2.2 Weights

1-189-101 DRG.

.

WEIGHTS

LID -

.

"
3/4 A%

"
" '/4#

2 ,,, UEAD

/s'' - A5G

Item 8 : E(36)2 (0.75) (490)
4 1728 216.5 LBS.=

''T(j C(30)2 (2.1875) (710)
Item 4 : 4 1728 635.3 LBS.=

W(50.5)2 (0.125) (490)
Item 9 : 4 1728 25.9 LBS.=

1T(29. 75)(0.25)(2.1875)(490)
Item 10: 1728 14.5 LBS.=

,

n\ (490)2 2Item 2: 4)(79.25 - 26 )(0.75) 1728 = 946.1 LBS.

Item 4: ('76.875 - Y6 )(2.1875) = 3695 LBS.

.c
\_j
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/'' E (490)( )g Item 5: 4 (76.75' - 26 )(0.125) 1728 = 145.2 LBS.
9

'fr(26.125)(O.125)(2.1875)(490)
Item 11: 1728 = 6.4 LBS.

TOTAL = 5685 LBS SAY 5700 LBS

.

WALL

.

*

Item 4
Item 6 Lead /710g,
304/490,A

A3 49087

. 3 h''
s s

O
() (82.375)(O.75)(89.125)(490)

Item 7: 1728 = 4905 LBS.

(79.44)(2.1875)(85.5)(710)
Item 4: 1728 = 19178 LBS.

j77.125)(0.125)(84.8125)(490)
Item 6: 1728 = 728.4 LBS.

TOTAL = 24811 LBS. SAY 24,800 LBS.

.

O
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E 9 (490)p )s
4 (76.75 g )(0.125) 1728L Item 5: 26 = 145.2 LBS.

'tr(26.125)(0.125)(2.1875)(490)
Item 11: 1728 = 6.4 LBS.

TOTAL = 5685 LBS SAY 5700 LBS

WALL

'

Item 4
Item 6 Lead /710 ,
304/490 g

Item 7
A36/490gp

34'

O
V (82.375)(0.75)(89.125)(490)

Item 7: 1728 = 4905 LBS.

(79.44)(2.1875)(85.5)(710)
Item 4: 1728 = 19178 LBS.

(77.125)(0.125)(84.8125)(490)
Item 6: 1728 = 728.4 LBS.

TOTAL = 24811 LBS. SAY 24,800 LBS.
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BOTTOM

ROUND: Item 13

t(85.625)2(0.75)(490)
4 1728 = 1225 LBS

SQ: (96)2(0.75)(490)_
1728 = 1960 LBS

.

tT(77) (2.1875)(710)
Item 4: 4 1728 = 4185 LBS.

Item 24: Ti(77) (0.125)(490)
4 1728 = 165 LBS.

.

TOTAL = 6380 LBS. SAY 6500 LBS.

EST. WT.
5700

24800
6500

37000 LBS. USE 39 kips

CONTENTS #(77) (80.125)(75)
VOL.= 4 1728 = 16,194 LBS. , SAY 16 k

!,

4

O(.)
!

!

|
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2.3 Mechanical Properties of Materials

The mechanical properties of materials of metallic components used for
analysis of the CNSI 14-195H Cask, are as follows:

Component Material Allowable

External Shell A-36 Steel Fty = 36 ksi
Internal Shell A-304 Fty = 30 ksi.

Trunnion SAE 1018
, .

Fty = 40 ksi
: Bolts (lk" D. ) SAE J 429, Gr.8 Fty = 130 ksi*

Ftu = 150 ks.i

Bolts (3/4" D.) SAE J 429, .Gr.2 Ftu = 74 ksi

a

; With Revision AF to Dwg. No. 1-189-101, A-36 Steel is replaced with
! ASTM A-516, Gr.70 Steel . This provides additional safety margins

above those shown elsewhere within this report, as follows:
;

A-36 A-516, Gr.70 % Increase
. () Tension Yield, Fty 36 ksi 38 ksi 5.6%

Tension Ultimate, Ftu 58 ksi 70 ksi 20.7%

:

|

1
-

:

,

i

|
1

i
r

%)

l
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j STRUCTURAL ANALYSIS - FREE DROP

'

BOND STRENGTH
.

i

j Reference: "How to join lead with adhesives", ADHESIVES AGE ,
! September, 1968.
!
; . Figure 1 - Effect of different strength. adhesives on various

adherends; tensile strength of adherend vs. tensile
shear strengths of adhesive in lap joints.,

. (Xerox copy page 2-8).
1
4 .

i Figure 1 referenced above would definitely seem to indicate that
i for adhesives capable of developing 4000 psi or better lap shear !

| with aluminum adherends, values of JU212 to 7000 psi are to be
i expected utilizing lead adherends.
1
1

! 3M data indicates 5000 psi obtained using'2024-T3 aluminum
'

adherend and AF-126(008) structural adhesive.
(Xerox copies, pages 2-10 thru 2-12)

()
,

.

I

!
<

|

!
!

'
,

i

|

.I
i

4 .

i

,

i

I
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Bonding a lead sheet to o gypsum boord

.

.

U g to riew, the standata meiheds rowder, ana airoys. among others. as the tead indestries assectation inof joining lead have included me- Sheets, which would probably be the the United States, the Lead Develop-chanical fasteners, soldering, and. form most commonly involved in ad- ment Association in England, andlead burning (welding). These have hesive bonding, are produced in the Australian Lead Developmentpassed the test of time and are still standard widths up to S feet, with Association.recommended for certain applica- larger sizes availab!e for special re-
tions. Now, however, adhesive bond- quirem nts.

VIhy' Bond Lead Adhesivelyi.
ing provides a method of joining that Sheet lead is made in two ways:
can open many new application op. (1) by rolling and (2) by continuous Experience with lead as well as with

other materials, combined with dataportunities. castings. Rolling is the traditional
compiled in research, indicate theAdhesi"e bonding, of course, has method and is still standard by most,

'y beca used for lead lamin .tions and weights of lead. These sheets start at following advantages in adhesive
k bonding of lead:other apphcations for many years, about 1/32 or 3/64 inch or 2 pounds

but the research data set forth here and 3 pounds per square foot, re- (1) Adhesives permit the joining
inc.ca:es that much wider use is spectively. of lead to itself and to other metals,t

i ceramics, plastics, wood, or otherjustified and recommended. Before Cont nuous castings with DM (Di-
substrates.

. attempting adhesive joining, how. rect Manufacture) machine is being
l (2) Continuous bonds producedever, it is advisable to bear in mind used to produce thin lead sheet,

the availesbie forms (i.e., sheets, cast. typically 1/16 inch or less. The DAI by the adhesive distribute loads uni-
formly, thereby climinating stressing, cre.), basic properties and char. contmuous casting machine can pro-

;

acteristics of lead. These elements dece sheets approacMn; % pounds concentrations which are inherent in
can have vital bearing on adhesive per square foot. mechanically fastened assemblies.

Uniform load distribution also pro-bonding and many references will The chart below shows the rela-
sides greater strength and rigidity.I be made to some of them, especially t,on between weight and thickness ofi

temile strength and creep behavior lead. This factor often allows reduction in
size or thickness of material and(see Table 1). pa, g u ,,,,,;,,,,,,s,, climination of stiffening members,The commercial shapes available py sq. r e. o n;,.,31 tmeic.n with consequent savings in over-alllend themselves to adhesive bonding w .co7s 1/12s weight and cost. This factor is par-because joints are usually made with 1 .0155 1/M ticularly significant for lead.I large area contact and -thin cross 2 .0317 1/37 Although enernal loads are sel-sections. Beyond this, the case of

4 dom if ever applied to lead, it musthandling and forming on site or in
3 ,o73 3/u contend with i:s own weigh t. Forthe shop make adhesive bonding par- 6 .c937 3/32 csample, a lead sheet 1/16. inchticularly suitable. Sheet lead, up to 8 .17s0 118 thick weighs about 4 pounds per'a-inch thick, for example, can be m .1563 s/32

12 .1375 3/16 square foot. If the sheet is hungbent by hand, and even antimonal .

scrtically to a he. ht of e. ht feet, aig igor "hard" lead of this thickne>s is Further technical information on section four feet wide would weighreadily formed with simple tools. lead is availah!c from many sources, about 12S pounds. If a fastening
i-

D 1. cad is available. in many forms ...u udin; II.ZRO and the lead de- method is used which concentiates- sheet and foil, estrmions, cast. selopment associations in v.irious this load on sm 'll cross-sectionalings, laminations, bonded sheath, countries throughout the world, such area, the stress could result in fr.ne-

2-8
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, lap shear stiength in n.vo wap: (Ifg.g .

as adherends gri thicker, peel strea, is7 *

'a smaller factor; (2) as adherends get
g3 th:cker, the load on the bond in-g e ni3h streagt. 24 esive'

creases before plastic yield occurs ind
E b (D n.wie strengt, ao,est,,5 the lead adherend. The strength of the

8 Icad adherend limits the load which
{ !.. can be applied before fiacture of the, y~cm

,, [ adherend occurs.
{3 When bonding bulk lead products
2 y,

. where the ratio of allowable bonding
'

'

~$
- - - - - - - -- - -, area to volume of product is small,icco'

3>

E
a butt joint must be used. The major

4
- stresses in butt joints are temile.

i, -- h _ _ b_. 5nce under these conditions less
~

icc3 -

.

bonding area is often available, unit<

:
. loading is greater than in lap joints,

; s:. and adhesives of at least moderate,

s o i I ' f strength will be required. Tensile
nio' f sa/ fm/ ;1d/ jj c strengths for both lap and butt joints

s.t >,t = tm conto steet h et e ' w its' are comparable when the same adhe-Fea: treets te : was
i sive is used.''

te,a ne stren:n or sacerend fusi) ' i As with lap joints, tensi!e strength
is limited by the low yield strength*

''

on various c$dherends; tensile of lead. For example, bulk specimensFiaure l'1 Effect of d.fferent strerigth ' adhesives
: strength of odherend vs. sensite shear strengths of odhesive in lap ioints , of lead (0.1 in. by 1 in. by S in.)
|

~ ~ .

pulled in tensile test showed strengths.

5 of IS00 psi. These same lead speci-
mens, cut in half, butted together at
the midpoint and bonded ttether- _.---

@-(p with an adhesive having a rated ten-##

E_ site strength greater than 2500 psi,
! ( showed a bond strength of 1600 psi.g

/,/ , The lower bond strength was due to
the fact that the bond load was ap.; Peel proaching the temile strength of the
lead itseit.

Available intermediate and high
, strength adhesive formulations can
i #

j make adhesive bonds having tensile)
. / strength equal to or exceeding the-

. _ -- strengih of common gradec, of lead.
'*

i

|
/ g"- Peel and Cleavage#

It is apparent that low um.t loadsshear tieavan will be experienced in many applica-"

tions of lead. The types of strew
experienced by these composites

Figure 2 - Ee a c types of stress found in adhesive bonding (lead on walls, roof, etc.) include I

1 peel and cleasage as well as shear
! at this point, the load would be less A typical relationship for shear and tensile stresses. Since peeling ac-

than 30 psi. strength vs. o erlap width and ad- tion localizes stresses on a very nar-
When large overlap areas are herend thickness for lead adherends , row area of the adhesive, particular-

available, the requirements on the is shown in Fi;ure 3. The curses - ly with soft adherends, this type of
unit strength of the adhesive ob- demonstrate that the strew is not all strew is the anost critbeat for lead.viously can be sery low, it should shear but contains a large ped factor Obtaining comparative data on
be remembered how es er, that the w hich becomes nmre impartarit as peel strength is clifficult since this

v lap shear strength is not proportional ria;i width increases. characteristic is highly sensitive to
to the increase in lap width because As the userlap width increa m , such influences as: (1) thickness of

.

-

'

of the uceven distribution of the thicknew of the lead adherend lunit the adherends (see Fi;ure 4); (2)
stress across the lap, load on the crow section) hm'ts the ' strength of the adherends.110th rnay

*

; 2-9
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u
.l. '' Scotch ','lehi'* Structural Adhesive' AF.'12G is a thermosetting non-volatile, modified epoxy film a' hesive designed for strucd

-

.-
.

tural bonding of metals. This uni ~qua product of fers the following advantages: ,
,

~

* Cure at temperatures as low as 225 F. Optimum results obtained with a cure of 250*F. for 1 hour.
~

J.;- ,

O; .

Excellent strength in m .:al-to-mstal and honeycomb sandwich applications over a temperature ranse of -G7 to 250''F. Pro.-"+ o

vides exceptionally high metal-to-rnetal overlap shear and peel values..

..
.

.'D.{ Heleases no volatile by-products during cure thereby permitting low pressure bonding. . ~[ *
.

(j Low film weicht version (0.03 lbsisq. f t.) permits use of high (100 psi) pre:sure bonding without excessive adhesive flow*

in metal to-metal applications.
_l.

AF.126 .06 and .03 weights with EC 2320 primer is qualified to the requirernent': of MIL-A 25463 Type'l C1'ad 2.5,4 *

and MMM-A.132 Type i Class 2. .
-

.
'

'''*" AF.126.03 weidht with EC 2320 is qualified to the requirements of MMM A.132 Type 1 Class 2.o

M .

liign degree of Mck in the uncured state. ,o ,
,

'

MY
* /.. ] ;.

a * .-4
.

'
*

's - ,
' ' -

,
-

r-': ' ft D- D; < ' :, ~ %
-- -w , , ., , .r -

.

- n
; o ! j .

t'''-
,." 'p" ;- y; l ',

.
,, ,t !1 : -

.A s-
, . -

.

,

=

!
~%

O . AF-126 AF-126
'

AF 12G
~

,

'

(.03) (.06) . (.08)

'M Form: Supported film adhnive with' protective lin-r
W

Color: G reen Green Red -

j

. N ominal W,.;gh t: 0.030 0.060 0.080
. . .

i, (lbsh1. f t.)
*

I

.

6W'? ,fd Nominol Cal;per: 0.005 0.010 C.015 l
.I ,

W/ ( Appro v, inches)
*

D Volatil Content: - - - - - - - - - - - - L e" . t h a n 1 % - - - - - - - - - - - - - -

'u
'

L', 2-10 w-
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! MMM-A 132 Type 1 Class 2' Test Data

MMM A-132
%

TypoI AF-1' 6/ AF-126/ AF-126/2,
4 Test Condition Class 2 & 3 EC 2320 EC 2320 EC 2320

*

Requirement .03 wt. .06 wt. .08 wt.
. Min. Avg. (avg.) "

(avg.) (avg.
"

A. TENSILE SHEAR
'- 1. Normal Temperature (75*F.) 2500 psi 4630 psi 5300 psi 5347 psi _

I
2.10 min. O 180 F. 1250 psi 3850 psi 3260 psi 3207 psi

; 3.10 min. G .67*F. 2500 psi 4850 psi 5960 psi 5637 psi
4. Normal Temperature (75*F.) 2250 psi 4760 psi 5170 psi 5375 psi

, Af ter 30 Days Salt Water Sprav

5. Normal Temperature (75*F.) 2250 psi 4630 psi 4980 psi 5243 psi
After 30 Days O 120 F. and ''

05100% Relative Humidity
a
*- 6. Normal Temperature (75 F.) 2250 psi 5230 psi ' 5390 psi 5240 psiAf ter 30 days immersion in

Tap Water ,-

7. Norrnal Temperature (75*F.) 2250 psi 4 /10 psi 5120 psi 5775 psi
Af ter 7 DaysImrnersion in
JP-4 Fuel -

I

8. Normal Temperature (75*F.) 2250 psi 4860 psi 5020 pu 5552 psi
M cr 7 Daysimmersion in
Anti-icing Fluid

; 9.-N ormal Ternperature (75*F.) 1250 psi 5000 psi 5280 psi 5626 psi'

Atter 7 Days immersion in
Hydraulic Gil -

10. Normal Temperature (75'F.) 2250 psi 4B20 psi 5070 psi 5800 psi
Af ter 7 Days Immarsion in
Type ill Hydrocarbon Fluid

.

; B. CRE EP ltUPTU R E

11. Normal Tepmerature (75*F.) 0.015 inches 0.0000 in. 0.0000 in. 0.0000 in
102 Hours G 1600 psi max. def ormation

12.180*F.102 Hours 0.015 inches 0.002G in. 0.00?3 in. 0.0006 in.O 800 psi max. deformation

C. F ATIGUE *

., q,h( 13. Normal Temperature (75'F.) no glue line no giue line .no glue lir - no g!ue line
!, 750 psi 010' Cyct s failure failure failure failure

- - - -
- _ .

_

. Adhesives, Coatings and Sealers Divisionry.s

2-11
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AF.126.0G Wt. Unprimed Quick Cure Data

Cold Rolled 75''F. Overl p Shear

Tim 3 in Press Platen Steel On Aluminum

fiinutes Temperature Solvent Wiped (FPL Etch.d)

60 250*F. 2690 psi 5000 psi

G 300*F. 3180 psi 4700 psi

2 350'F. 3367 psi '800 psi

0.5 400*F. 3120 psi 4000 psi'
'

AF-126.0F Wt. Overlap Shear Quick Cure Data on Steel
.

,

Cure Conditions Test Temperature (* F.)s
'

Temp. Time ' Press .

* F. f.linutes ' psi Primer 40 75 180

250 40 25 None 3257 2689 '1663

250 40 25 EC 2320'* 3257 2820 1890

300 15 25 None 3500 3d80 2005

300 12 25 None 3850 3320 2580

300 0 25 None 3472 2953 1880

300 6 25 None 3650 3187 1960
* '

350 8 25 None 4125 3340 18':5

350 6 25 None 3840' 3210 1795

350 4 25 None 3550' 3173 2355

( '}
.

350 2 25 None 3750' 3367 2375

| g/ 400 3 .~25 None 3800 3120 1590

400 2 25 None 3430 2973 1730

400 0.5 25 None 3430 3123 1600

Adherend: Cold Rolled Steel,0.035'', solvent cleaned _

*

Cure: All cures based on hot press entry and removal

* "etal Failure
* * Primer Dry - 24 hours at 75*F.

AF-126.06 Wt./EC 2320 Overlap Shear on Chromic Acid Anodire Af ter Environmental AginD

~ Testal at 75 F. *
Control Imme wl

Overlap Shear af ter 30 days in Salt Spray 5750 psi '5320 osi

Overlap Shear af ter 30 days 100% Relative Humidity G150 psi ~ * 543C psi

Cure Cycle: 1 bour O 265*F.,50 psi,4 r/F/ minute rise

' Note: Values are an average of 4 imrnersed specimens. There was no evidence of undercstting or corrosion on
any spnimen.

AF.12S Tensile, t.1odulus of Elatticity and Elon;;ation *

Tested O 75*F.
.

Tensile C052 psif],

(/ f.lodutos of Elasticity 101900 psi

Elor cation 23.7%'

~

m

Adhesives,taatings and Sealers Division $i.E
_ . . . . .

2-12
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2.4 General Standards for All Packages

2.4.1 Lifting Devices

D x !s"THK x 3"1.D.

GEOMETRY
.

T
Item 28

# [ STL%* THK x 3" x 18h"
Item 20
3"d.D. 1018 STi.

. ,,

Item 7
ffTHKSTL

/~'N Item 1
V 1" THK STL3

|[ g Weld
7 -

REFEREtlCE: DRAWING NUMBER 1-189-101 (Rev. A-F)
.

LOADS

Crot,by & Laughlin 300A eye hooks 0 a rated capacity of 22 tons.
.

.~. Check design for k h each location.
> 10CFR71 requirements for lifting devices.

m.
~ , . -

2-13



W=55,000 LBS (WT. + CONTENTS)
3W 3(55 k)

2 = 82.5 kLOAD TO EA. = 2 =

ANALYSIS

,

Item 20

*

.

BRG SHEAR END SHEAR
,

e er

I i 82.5 k

/ / / -27.5 k/inW= 3 =

!

O s . 'w
I.

1T(3)2
7.07 in.pArea = 4 =

BRGSHEAR=f5(27.5)(5)=51.6k
51.6

F SHEAR = A = 7.3 ksi 4. 23.1 . ' . ok

1018 STL BAR:
Hot rolled properties Ys= 40 ksi (tension)

Ys

Shear Yield = 77 = 23.1 ksi

O
V

2-14
. .-.



}lL 27.5(3)2
'

2

Bend.M = 8 31 in-kips8= =

tr R3 Tf(1.5)3
So= 4 4

M 51
-2.65 in= =

F Bend =S = 2.65 11.7 ksi 4 40 ok'=
,,

Bearing Eye Hook on 3" DIA BAR

( 3" DIA. BAR
.

%

\
7,

'
4 RADIUS EYE HOOK

/
/ ROARK & YOUNG - 5th ED.

'

\
'N' Table 33

Case 26
'

. . . _.
/

DlD2 6(3) 18,

~7 = 6_Kb= D1-D2 6-3= =

327.5(29)(10 )
Stress = 0.59s 6 215ksg=

b ht deformation of hook /bar lowers this value greatly.
- Not failure mode.

!

.

2-15



._ - .

Bearing on cask B's and weld strength.

Items 7 & 18

(5/8)WL= 51.6 kips

0.75 = 0.60 /, 60% to Item 7
0.75+0.5 40% to Item 18

*

[ Item 7
Item 18

0.6(51.6) .

(F BRG)7 3(0.75) = 13.76 ksi- =

0.4(51.6)
(FBRG)18

= same as above=
.

BRG allow A36 = 0.9 Ys = 32.4 ksi > 15.76 ksi |, ok

,

Weld strengths

Item 7 -

o.923(6)(TT)(3) = 140 k obviously ok
Item 18 -

i

|

O

2-16



.

Item 1
3

SHEARS E WL to Item 28 only

WELD 0.928(8)('T)(3) = 70 k obviously ok

Item 28
_

,

| 3 3'

3" 'E WA = H (82.5)= 31 ks,

Complete fixity at ends:'

PL 31(15)
M= ~E = 8

3

13g - = 58 in-kips

58(6) _

F BEND = 0.75(3)4 = 52 ksi Too Large !
/

RECK. Using clear span: ./

p PL 31(12)V 8 46.5 in-kips8= =

46.5(6) ,
F BEND = 0.75(3)' = 41.3 ksi still > Ys.

O

2-17
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O
RESULTS }

Except for local bearing yielding at lifting hook location on
Item 20, this system of lifting devices is capable of supporting
three times the weight of the loaded package without any
generated material stresses in the package greater than the
applicable yield value.

'

.

t

O
.

,

.

l

|

i

O
4
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.

%'

2.4.2 Tiedown Devices

System must be able to withstand a static force applied at the
~

center of gravity of the package with a vertical component

equal to two times the weight of package and contents, a

horizontal comp. along direction of travel equal to ten times

total loaded wt. and a horizontal component transverse to the
*

travel direction equal to five times the total weight. The

resulting stresses in the package material shall be less than

appropriate yield strengths.

,

(~] Desim
v

The tie-down system that evolved satisfying the above was

a thickened base plate bolted to trailer floor, with a

discarding of upper attach cables for anything except normal

transport dynamic loads,

n
N..Y
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:

i

: O
;

Assume base fixity / stiffness compared to cable such that 0/T

resisted by base bolts -half-way between cantilever and
,

j propped cantilever beam.

i

|

| .,

; ,

s, .. .

i *

i 14-195
'' ~

-

; '

Tie-down system
in

, , , ,

j W(10)(86)

(Basemoment) cant. 2 = 25,650 in-kips=

4

;

; W(10)(86)
| (Basemoment)p-cant. 8 = 5912.5 in-kips=

i O
; Say base moment = 15,000 in-kips
i

i
1

| Req'd. cable tension:
i
I
i

2 Mr-RT =0 h+
, ECGg .2T

! 55(10)(45)-55(1)(41.5)+R(41.5)-2V(83)- 1.4/
1 -

(83+86) =0
,

*

i
!
:

| O
i
t

!
t

2-27,
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.- _ . --__- - _ __.

;

O' Cables may be realigned radially if base mts. good for 15,000 in-kips.

15,000
i

181 kips Total: 4 bolts83 =

181-

Each bolt = 4 = 45 kips Try 1h" DIA. A325s

2(27.7) -

"

Base shear = 55(10) - 1.47 = 512 k

512
Each bolt = 8 64 k each=

Combined Ld. '

Ft=50-1.6fv640.0

O > 22
i

A325 Bolt Values:

Wt tension = 105 ksi

Ys(tension)= 81 ksi

Shear Yield = 47 ksi

BRG = 1.35(81)= 109 ksi (on bolt)

O

2-28
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t
/ I

ELEVATION FROM SIDE

CABLLS(2)

/ I

7
/' u: N-

CABLES (2) / \!. / 8

'
ic5 , -,-

,
,

\
;
> a, .

MT..

..
,

i f
_ _ _ .._

i

i d,
33,.

, - ~ . ,

! ) PLAN FROM AB.0VE
GJ

/
- _ _ _ .

\/ RADIALLY EXT.N .m-

! q%
'-

/) b 1r 4. f' i. \ ~ -,g
,

g
-

i

\. ! 1
> - .

-b.. .

\ i '

Nx ,

j/ j
N |

' - -

i

h 1

i

"Q : 1Q.53
4 "c- BOLTED TIE-DOWNS

TO TRAILER BED (4 PL)
7~,

y)

i
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>

bs- RESULTS

.

BOLTS

142.5 k
Axial tension = n

137.5 k
Base shear = n

.

Where n equals no. of bolts at each of 4 loc.

Try 4-lh" DIA. A325 x bolts ea. loc. (4 places)

Tension cap. = 1.227(81) = 99.4 kips

Shear cap. = 1.227(47)= 57.7 kips
142.5

Tension / Bolt = 4 = 35.63 k say 36 k T

137.5
/~'\ Shear /Bol t = 4 = 34.38 .: say 35 k S I
V

CK Combined Ld:

AISC Spec. 1.6.3
Ft= 50-1.6fv s 40.0

Using Ys values - >- 47 ksi ALLOW
Ft = 100-1.6fv4 81

''\

(O
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V 2.5 Standards for Type B Packaging

NOT APPLICABLE

2.6 Normal Conditions of Transport

2.6.1 | HEAT | -

,

130*F still air (direct sun) in lieu of explicit thermal

analysisassumeadiff. temp.equalto16b*Fwhichcorresponds

to a material temp. of 100'F greater than the air.

,r m

= (130 + 100) - 70 = 160'FZ.T = Tf-To

Steady state

|GE0 METRY |

STL (A36) LEAD g STL (304)
t,

,/ _ 38t"3

38%"
'

.'

All RADII TO
40'2;, " GEOMETRIC CENTER,, ,

41%.",

o
L)
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e !
1ANALYS15] |

,

o< Values:

STL A36 11.7(10-6)/'C E=29(10) psi6

6LEAD 29(10-6)/*C E=2(10 ) psi

STL 304 10.4(10-6)f:C E=28(10) psi6

.

Conversion:

*C=5/9 ('F-32)

F=9/5 *C + 32

Divide values by
,

9/5 = 1.8

'

. To obtain /'? values.

11.7(10-6)
X STL A36 = 1.8 = 6.5(10-6)f,p

.J(10-0)
1.8 = 16.1(10-6)f psc(LEAD =

10.4(10-6)
c< STL 304 = 1.8 = 5.78(10-6)j,7

9

,

2-37
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i.

!.

b. R = < b.T R.~

Int-

face 1 2 3 4 5 6
,

304 0.0357 0.0356
,

Lead 0.1051 0.0995

A36 0.0432 0.0424

i

i

:

Above values unrestrained.

| Underlined values significant W.R.T. stresses (Int.)>
-

) Lead wants to load STL body wall radially;

) STL wants to confine lead expansion.

, EQUILIBRIUM 1

LEAD INT. PRESSURE FORMULAE:: ^

N
,

>
!

,

i- (LEADACTINGONSTL)
1

2 2famo = gb (a2+r) j
'

| STL EODY r"(a' - b-)
2i a= outer radius- f = -qb (a -r) .,

at
b= inner radius r'(a' - b')

,

w

'

\

|O
.

'

2-38
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EXT. PRESSURE FORMULAE:

(STL RESTRAINING LEAD)

f = -qa (b2+r)2 2

r"(a' - bc)
.

2 2 2fum= -ga (t - b )
r'(a' - b')

-

.

COMPATIBILITY

A LEAD = ASTL
EXT (3) INT (2)

.

DEFORMATION RELATIONS

/ 2 2

+ p'/h& [ a o + b,,
s (ab) E g a- - b" + 0.0424=

STL

2+b2-qa a _

(.sa) E a~ - b" + 0.1051=

LEAD
,

Solution by equating and solving for q
(Bearing measure between STL and lead).

|

|
'

O
!
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!

p
b

2+b! 40.8 , f(41.5625)!+(40.8125)
-

b a
f a' - b' + = 29(10")

, + 0.3;a' - b'

~

40.8125 3393 1
= 29(10") _61.8 + 0.3 J = 0.00008

f[a'-b" - Y 2(10 T a" - b' - 0.45
2a a + b 40.8^.25 (40.8125) t (38.625)

~

=
.

s
_

-

40.8125 3157
-

*

2(10") 174 - 0.45 = 0.00036=

EQ'S.

0.00008 q + 0.0424 = -0.00036 q + 0.1051

q = 143 psi (BRG pressure bet. STL and lead)1

(~} CK.
'v

(ab) = 0.00008(143) = 0.011'' :i (Load only)
STL

(da) = -0.00036(143) = -0.0515 in (Load only)
LEAD

Combine withal effect:

0.0424 0.1051
0.0112 -0.0515
0.0536 STL 0.0536 LEAD ..ok

'

,

a

'
,

2-40



_-_ - _ - _ _ _ _ - _ _ _ . _ ._.

@
i
RESULTS

I

2qa + b, 143(3393)
(f aw ). 62 = 7854 psi 4 Yield .~.ok= a- - b' =

'

STL

2-q2a _ -143(2)(40,8125)2
n

( f ,;y"o ) = a' -b2 (40.8125)' - (38.625)' 2741 psi= =
,

LEAD

REFERENCE:

ROARK & YOUNC - 5th ED.

Table 32
,

Cases la & Ic

O
.

6

O
;

2-41
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2.6.2 Cold Temperature''

- 40' F still air and shade Type 'A' .'. assume c.T =-100*F.

GE0 METRY

' Ri = 38 ".

1

Outer Inner,

i

STL "THK

STLT"THK LEAD 2f3
'

THKj

[v
., R1=3855"

R2=40I6",

,

Ro=41h",. .

e

| LOADS |

4 STL /= 6.5(10-6) /"F
3i

X LEAD = 16.1(10-0)/"F

M STL,j~= 5.78(10' )/'F
i1

f LEAD WILL cnMPRESS STL INNER SHELL.
i

l'\V

!
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2.6.3 Pressure

Reduced pressure: ambient at pressure of 0.5 atm.

I GEOMETRY |

I.

i. . , ,

7.3 psi -

:

1

~
HGT. = 86" i

'-e

,

|3 3 , ,

I

'n
'

r
DIA.= 83" R 41.5

t = 0.75 = 55 > 10
!

I

[ANALYSISI

CYL. pR '.3(35)
ci(axial) = 2t 4(0.75) = 202 psi=

pR 9_ 7.3(41,5)2 1-0.15
AR = Et 1- 2 = 29(10")(0.75)

= 0.0005 in. larger

(~h
G

|
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m

C) BOTTOM

Assume unsupported on bottom.

p g Wall
;, , -s

/ a=41",
,

(Sample support at body.
.

ROARK & YOUlG - 5th ED
'

Table 24

Case 10g(S&V)-qa
Yc= 64D(1+V) s Neglect lead for now.r

63 29(10 )(0.75)3Et
6 2

,

D= 12(1-v') 12(1- 0.09) = 1.12(10 ) LB-IN fin=

-7.3(41)4(5.3)
Yc = 64D(1.3) = 1.17 IN. p Too large!

(N G Must consider composite action
L ') of STL and LEAD.

,,

STL ' '
,

2 /t,"3LEAD

| 3[ 'e t =2.10 in
/ eq. STLs

stiffness

no
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6
29(10 )(2.1)3 6 2D= 12(1-0.09)- = 24.6(10 ) LB-IN /IN

-7.3(41) (5.3)
* Yc = 64D(1.3) = 0.053 IN Valid small diff. theory

qa (3'+v) 7.3(41)2(3.3)2

16 = 2531 IN-LBS/IN Small!Mc= 16 =

3qa 7.3(41) -

O = 8D(Hv) 8D(1.3) = 0.002 Radians- =
z

= 0.113'

LID BOLTS

18 bolts:kblA. 74ksi Ult.33"
' >, ,

'

I' 3"
'

!

12 BOLTS: 1" DIA. 150 ksi Ult.

LOAD /18 bolts = 7.3 ~(33)2 = 6244 LBS
4

AXIAL STRESS / BOLT = 6244 = 1039 psi ,',Not critical

13(0.334)

,

\.
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(.

< .

Primary and secondary seals consist of silicone rubber and flatL

neoprene gaskets respectively. They are. compressed by imposed
displacements determined by torqued, or preloaded, lid bolts and
mechanical stops reacting the bolt preload. Proper gasket

,

j performance is assured provided the bolt and mechanical stop
: preload is maintained during the reduced pressure event. Primary
'

lid bolts are torqued to 200 ft-lbs. and secondary lid bolts are

torqued to 50 ft-lbs. The adequacy,of these preloads is demonstrated,

by the following analysis:
;

j Primary Lid Bolts (12 each, lk" - 7UNC)

T = KDF ; T = torque, in-lb..

K = torque coefficient, 0.18
,

D = Nominal bolt diameter, in

F = Bolt Preload

T = 200 ft-lbs (12) = 2400 in-lbs

F=
= 2400/(.18) (1.25) = 10667 lbs/ boltKD

USince the bolts are installed at 45 , the effective preload per
bolt is:

UFa = F cos 45 = 7542 lbs/ bolt.

The internal pressure of h atmosphere produces a bolt load of:
2Pa = pA A =1fD

N 4

D = 77+5/8 = 77.625
p = 14.7/2 psi = 7.35 psi
N = 12 bolts

7I
7.35) j(77.625)2Pa = 2899 lbs/ bolt=

2-46
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Therefore, since the pressure load, Pa, is significantly below.

s
- the bolt preload, the integrity of the seal is maintained. The,

! sealing margin of safety is:

M.S. = Fa/Pa - 1

= 7542/2899 - 1 = + 1.60

Secondary Lid Bolts (18 each, 3/4"- 10VNC)

The torque is:

T = 50 f t-lbs (12) = 600 in-lbs'

,

The bolt preload is:
T

Fa = gg = 600/(.18)(3/4) = 4444 lbs/ bolt
The pressure load per bolt-is:

/1) 2Pa = tL 4 / D ; D = 27.5 in

N

77
= (7.35) 4 (27.5)2 = 243 lbs/ bolt

18

p Once again, the integrity of the seal is maintained because the
t ,, bolt preload force exceeds the pressure force by a wide margin.

The sealing margin of safety is:

M.S. = Fa/Pa - 1
= 4444/243 - 1 = + 17.3

The leak-tightness of these seals has been demonstrated by pressure
'
I

tests.

2.6.4 VIBRATION

Cask has been transported with no vibration problems during normal
travel

.

2.6.5 Water Spray.

The package is fabricated of material (steel and lead) that are not
effected in any fashion by water spray.

O !

2-47
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l

.

2.6.6 Free Drop

Analysis for the one foot free fall indicates that two
possible drop orientations, top end and top corner, would
result in the most significant loads on the lid attachments.
The top end drop was shown to be more severe than the top
corner drop provided the outer shell extension would not
collapse from a top drop.

' A one-foot top end free fall test onto an essentially
' unyielding surface was performed, see appendicies 2.10.1;

to 2.10.3. Post test examination of the cask showed that
the outer shell extension did not collapse as a result of'

the top end drop. This orientation was shown to be the
most damaging. It was further observed that there was noi

,

! significant damage to the containment vessel and no distor-
! tion of the closure. No significant damage was observed

in the target surface.
'

a

The full scale flat drop test was conducted with a payload
weight of 11,350 lbs., corresponding to 14 loaded drums,
see Appendix 2.10.3, page 1. For a fully loaded 195 cubic
foot liner weighing 17,700 lbs., appropriate adjustment to
the demonstrated performanc'e of the closure bolts is
necessary. The rationale for this adjustment follows. '

During the test the closure bolts were required to react
the impact loads of the payload (11,350 pounds) and the
lid (6,300 pounds), for a total of 17,650 pounds. Combined

'

weight for the liner payload and lid will be 17,700 pounds
+ 6,300 pounds = 24,000 pounds.

K) = 24,000 lbs./17,650 lbs.
!

'

K) = 1.36

This represents an increase of 35_% in the load carried by
the bolts. If we conservatively assumed the bolts were
stressed up to their yield point during the test we can
conclude that their capacity must be increased by at least
36% to react the higher loads associated with the heavier
payload.

By increasing the bolt diameter from the tested (and
analyzed) 1 inch diameter to a 1 1/4 inch diameter the
basic area of the minor diameter will increase by the
following ratio.

K2 = A)/A2
,

Where:

A) = 1.024 in2 (11" diameter)
A = .6464 in -(l" diameter) '

2
K = 1.024/.6464 = 1.58

2

or an increase of 58% in capacity.

2-48
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Margin of Safety

M.S. = K /K -I
2 1

= 1.58/1.36 - 1

= +.16

Therefgre it can be concluded that the increased bolt size will
more than conpensate for the increased payload weight (11,350 lbs.
to 17,700 lbs.).

An additional factor of safety is achieved by modifying the lid to
react impact loads in direct compression. Through the use of spacers-

or stand-off blocks, impact loads are reacted through the blocks
directly to the-lid and payload. This will nearly eliminate all
tension loads in' the bolts.

The spacer or stand-off blocks are shown as Part 15 on the drawing.
It can be seen that these retainer brackets are flush with the top
rim of the package. They will react impact loads directly as well
as provide protection for the nut. ,

It should be noted that accelerations experienced during a flat
end drop are significantly greater than those of the corner drop.

O Therefore, if the bolts are able to react the end drop condition
a conservative Margin of Safety exists for the corner drop condition.
As a result the 14-195H can safely withstand the Normal Conditions
of Transport up to a maximum payload weight of 17,700 pounds.

!

( )\
|

1
~

_
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'

I

O'v LOADS

GROSS WT. CASK 38,800 8BS

PAYLOAD (fMX) 17,700 LBS

TOTAL 56,500 LBS

LID (TOTAL) 6,300
*

s

SHELL(CYL) 32,500

SECONDARY LID 850

ASSUMPTIONS:

1. Fully plastic

2. Total energy abs. by body walls.

ENERGY = 56,500(12) = 678,000 IN-LBS

C1 Ft. reg'd since wt. > 30,000 LBS
678,000

3VOL. STL. = 36,000 16.83 IN=

Dyn. flow stress STL. = Yield strength via CASK DESIGNERS GUIDE, page 56.
I

!3
(./
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.O
'%)

2AREA STL =1T(83.125-0.75)(0.75) = 194 Iri

18.83
S = 194.1 = 0.10 IN
plastic

h 12
G =S 0.10 = 120=

impact

'

.

ANALYSIS - LID

,

@SYM.
J 18" a

'

('s - P| >

V '

/ ii

/ i

/ '

13"
-v- -4

t

!

I' 381" IR d
3

I

490 (0.75 + 0.25) + 710 (2.19)
WT. SEC0tlDARY LID = 1728 1728

= 0.28 + 0.90 = 1.18 psi =q
DL I

1
|

ROARK & YOUf1G - 5th EU.
Table 24 Case 10a/10b,

N.]
|
l
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( )
Consider half-fixity at inner bolt circle:''

-0.0637 - 0.01563
K 2 = 0.040=

yc

0.20625 + 0.08125
K 2 = 0.144=

mc

4
y=K, q a

2'
D M=K qa

.

Mc= 0.144(1.18)(120)(33.25)2 = 5626 IN-LBS'/IN
2

3Et
D= 12(1-V')

,

Secondary lid stiffness (eg. STL) E

STL = 15
[) transformed section properties E''

LEAD

25 Ay = 1(0.75)(0.375) + 1/15(2.1875)(1.844) + 1(0.125)(3.00)top
3

= 0.281 + 0.269 + 0.375 = 0.925 IN

2 |

A/IN = o.75 + 1/15(2.1875) +0.125 = 1.021 IN '

_ 0.925
(Ytop) = 1.021 = 0.906 IN

Sec. Lid

bv
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'l(V _V_Q 1177(0.40)
I= 0.981 = 480 psi < 1000-2000 RANGE ACCEPT.q =

SHEAR

SUMMARY

,

Secondary Lid:

STL STRESS = 12,350 psi 4 Yield
.

780 psi ( Yield"LEAD =

480 psi < Allowable"
BOND =

Main Annular Lid:

Loaded by line load at inner body and uniformly dur to own wt.

ROARK & YOUNG - 5th ED

O Table 24 Cases le and 2e

850(120)
W= 1T(26) = 1249 LBS/IN AT 120 G

b 13(2)
0.3477 =a =

Kyb = -0.03 y= K wa /Dy

K = 0.25 M=K wam m

i

|

)

(^3
'N
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ANALYSIS

BASE

Subjected to 150 x its dead wt. only.

WT. BOTTOM:

490(0.875) 710(2.1875) ' = d.25 + 0.90 = 1.15 psi at 1G1728 + 1728.

ROARK & YOUNG - 5th ED

Table 24 Case 10b
4

K = -0.01563 y=K ga /D
yc y

2Kg = -0.125 M=K gay
1

6 2D=31.27(10 )LB-IN /IN (See page 2-54)

= -0.01563(1.15)(150)(38.5)4 = 0.19 IN <. HALF THKc
D

~'

M = -0.125(1.15)(150)(38.5)2 = 31,961 IN-LBS/IN.
3

Q = 1.15(150)1T(77)2 = 1.15(150)(77) = 3320 LBS/IN
force K (77) 4 4

VALIDATED BY TEST!

|

( \
\._ ' ,-
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O
ANALYSIS

CK BOTTOM

Circular plate 77" DIA.

Wt. BOTTOM = 490(0.75+0.125) + 710(2.19) 1.15 psi=
'

1728 1728.

ID ='f(77)2(1.15) = 5345 L.BS CKTOTAL
4

ROARK & YOUNG - 5th ED

Table 24 Case 10b
,

2K = -0.125 M = -0.125qa*

..m a

M2= -0.125(1.15)(136)(38.5)2=-30,000 IN-LBS/IN

4Yc = Kycqa /D WHERE Kyc = -0.02 APPR0X.

3D= Et
12(1- 9 )

i

l
.

.
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O
LOADS

CK to see if sufficient energy is absorbed for deformation depth

equal to a = 3.03 - 0.8(2.183) MAX.
LEAD

4 = 3.03 - 0.8(2.183) ='1.28 IN.

LEAD

0.75
TOTAL A= 1.28 + cosp 2.32 IN. TRY AT = 2 IN.=

3 3VOL.LEADONLY=Rtanp(sin 0-Ocos0-sin 0/3)

cosp=ALEAD/YoLEAD=0.721 |.(Yo) LEAD =4 LEAD /0.721
,

0.75
/_ LEAD =2.25-cosg = 1.21 IN. This provides more than,

ij 80% original shielding,

sin ()=ALEAD/SLEAD SLEAD=1.21/sinQ=1.73IN.
*
..

R-Rcos0 = S . ' , cose = 1- S/R = 1-(1.75/R)

R= 83.125 - 1.5 = 40.15 IN.
2

0= cos-1 (1- 1.75/40.81) = 16.84

(";
V

2-74
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LEAD IMPACT AREA

(A) LEAD = ab(U/2 - sin -1(c/a) ) - cd

a=Majoraxis/2=R/cosQ=40.81/0.72=56.6IN.

b = Minor axis /2 = 40.81 IN.

.

Xo = S LEAD / cosh = 1.024/0.721 = 1.42 IN.

c = a - Xo = 56.6 - 1.42 = 55.18 IN.

b 40.81
56.6 (56.6)2 - (55.15) = 9.085 IN.2d=a a - c2 =

,

(6 ) LEAD = 56.6(40.81) r"/2 - sin-1 (55.18/56.6) - 55.18(9.085)
n

\(V
- -

= 16.5 IN

(ImpactForce) LEAD * "
' ' '

STL WALL IMPACT AREA

( ?.L )STL 21.54 IN.=

AREA = BDY(0.75)/cos() = 22.41 IN.2

(Impact Force)STL WALL + 2?.41(36000) = 306,760 LBS

, ~ ,,.

./

|
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i

STL BASE PLATE
|

! f1 plastic = 1.5 Myield = 5062.5 IN-LBS/IN.

! 2d = 2(9.085) = 18.17 IN.

TOTALENERGYBENDINGBASEPLATE=91,986k

| FORCE = E/a. LEAD =91,986h/0.71 =_99,178 LBS.
|

.

INERTIA FACTOR

STL WALL 14.3
.

LEAD 2.9

j STL BASE 2. 1.76

18.96 USE 19

APPR0X. ENERGY %

STL WALL 77
'

LEAD 13

STL BASE P_ 10

100'

i
:

|
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!

|
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O
RESULTS

'

BOTTOM CORNER DROP

Acceleration - 19G for 1 ft drop height.
,

Bottom plate - 30,820 psi MAX STL
~

1,941 psi MAX LEAD
~

Bondline shear - 511 psi MAX SHEAR STRESS

Weldment - Not Critical

NOTE: '

MATERIAL STRESSES ARE ELASTIC.

O
TEST RESULTS WOULD INDICATE AB0VE STRESSES ARE AT LEAST DOUBLE

ACTUAL VALUES EXPERIENCED BY CASK.

Ov
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2.6.7 Corner Drop

P, This provision applies to packages constructed of wood and fibre
board and is therefore not applicable to the CNSI 14-195H Cask.

2.6.8 Penetration
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2.6.9 Compression

NOT APPLICABLE; the CNSI 14-195H weighs wall in excess of the
10,000 lb. limit for this provision.

2.7 Hypothetical Accident Cond'i tiQn
s -

,
. , ..

NOT APPLICABLE _

.

2.8 Special Form
,

NOT APPLICABLE

2.9 Fuel Rods ,

~

NOT APPLICABLE

rs
2.10 Appendix

2.10.1 Test Procedure
2.10.2 Test Data Sheet
2.10.3 Test Report (Pittsburgh Testing Laboratory)

.

.

i

!
,e- t

(

)
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i 2.10,1 Appendix
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TEST PROCdDURE
|

-

FOR|
-

|

! DROP TEST

OF
4

14-19511 CASK

i

|

[ TO BE PERFORMED ;

AT
,

BARNWELL, SC

BY

| CIIEM-NUCLEAR SYSTEMS , INC.

I

i

PREPARED

BY

K. II . KINKADE

December 20, 1977

i
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14-195H Cask Drop Test
-

.}
b GENERAL

Chem-Nuclear Systems will perform a one foot drop test onto

an unyielding surface, of its 14-195H Cask. The cask will

be dropped upside down, onto its lid, which is the most severe

case.. The drop test.will be performed at Chem-Nuclear's

Barnwell, S. C. site. Chem-huclear personnel will perform
,

this test with a certified testing fi'rm 'as a witness. , Documen-.

tation and ph'otos will be implemented prior ~to and after the

test. Refer to schematic for drop test stack-up.
_

PRELIMINARY PREPARATION -
.

o The' cask will be loaded with 14 drums of wet sand and

each one weighed and recorded.

g ', .The total cask weight will be recorded N/ 3 /a Z s'f,
w -

N- . Install new bolts in cask
'

oInstall new gaskets in cask

. Paint cask and pad and: put numbers on each .for photographing

purposes.

o Install a 1" thick steel pad on top of a 6" concrete pad.

.Still and movie photography to be available and set-up.

oCertified Testing Representative to be on the site.

o cask is ready for drop test.

PROCEDURE

Verify that all preliminary preparations have been accomplished.
.

hh |O $r

CNSI Representative Date

.

"erify the cask is upside down and the cask's lowest point is onem-
4.s

root off an unyielding surface. Measure at different locations'

around the cask to check the one foot measurement.
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14--19 5H Cask Drop Tes t , , , - -2-

.t.iO)% -

.

. -q
Upon the readiness of all parties concerned, start the movie

camera motion, DROP THE CASK 85 4##****
Dsn e rr~ m aM A
4 4 D 4;;cC.rWh=R .

Take movies and stills as directed by CNSI representative.
.

Record all visual' observations (blank pages are attached for data)

'
Raise Cask while taking pictures.

' ' ~
*

-
"

a ,

Turn cask to upright. position - inspect results and.take photos

as required.

Log All Information
,

*

.,w_, CASK _DRO2 .T.EST MI.TNESSES : -
. m_--.

r
ik:w)

c.. .,

kf- ..--.- . . . _ - - - , . _ . . . . . .

CNSI Representative

[C#524rf,v' - St.W |37 Cr*V.

Pittsburg Testing Lab.

Representative

.

/f ~~ ds/ /72

CNSI Structural Consultant

i |
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2.10.2 Appendix
"
'

r CNSI DROP TEST DATA SIIEET '.I
'

FOR
'

, CASK 14-195II -
'-

LOCATION OF TEST: CNSI BARNWELL, S. C. SITE - -

'

DATE OF TEST: 1-14-78 - '

,

TYPE OF DROP: UPSIDE DOWN DROP. THE CASK
UAS-DROPPED ONTO ITS TOP

| SURFA'CE,
-

s .- - *,
.

IIEIGIIT OF CASK
.

*

FROM DROP PAD: 12 1/2" to 12 3/4";

CASK WEIGIIT: 39,960 lbs.
.

CONTENTS WEIGIIT: 11,350 lbs. ~ ' '

.

; TOTAL WEIGIIT: 51,310 lbs.

DROP PAD: The drop pad was essentiall' any
unyielding surface of a 1" x 8'x

/ 8' steel plate on top of a 6" xi,

. 40' x 50' concrete pad reinforced
with heavy construction woven wire. .,,

-

.

LEVELNESS OF Checked for levelness with 4'
CASK PRIOR TO carpenter's level
DROP.

.

DID CASK DROP Three explosive bolts were used to
.

LEVEL? ' drop the cask level and instantane-
ously. The explosive bolts fire in
milliseconds and simultaneously -
thus dropping the cask level. -

.1

CERTIFIED TEST R. Scherman
'

~

WITNESS: Pittsburgh Testing Lab.
Columbia, S. C.

.

.

PICTURES TAKEN: Slides and Polaroid
'

'

TEST RESULTS: Pittsburgh Testing Report '

CNSI observations
,

,

,

> v
i

.

.

e

2-100
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,, Page Two
.

~

CNSI Drop Test - cont.-

.

-

, ,-S{
'

-

/ .4 [
'

,
,

Just prior to the drop, witnesses were posted around the cask
,

to observe the drop. A man was spotted up high to observe
the bottom of the cask - which was up for this test. .

.

The cask was dropped.
.

_

All observers were in full agreement to the following after
the cask was dropped and af ter it was turned over and the
contents removed: -

..

SIDE WALLS: No buckling, - bowing or deformation of
' ~

any kind inside' or outside. All welds .
' '

and laminated surfaces were intact.<
.

BOTTOM: No bowing or deformation of any kind.
All welds intact inside and outside.

TOP: No turning of any edges, no bending or
bowing. All wedges, bolts, lids, etc,
intact and unmarked. 1

BOLTS REMOVED All bolts were removed with no binding,
AFTER DROP: Igalling, s tripping, or bending. The

' bolts were straight and looked hhe same '

as before drop.
..

STEEL WEDGES All removed - no damage whatsoever.
ON LID: ,-

' :.LARGE LID Lid removed and replaced with no binding
REMOVED: or out-of-roundness whatsoever. ' *

DRUMS INSIDE: All drums looked perfectly unmarked - all
contents of drums still intact. .

.

CASK INSIDE: No damage - no broken welds-- no deformities
whatsoever.

, :.. .

The cask integrity concerning shielding and containment did not
.

change in anyway from the original design configuration prior to
the one foot drop test on CNSI Cask 14-195H.

|

The drop test performed on CNSI Cask 14-195H explicitly demon-
strated package compliance with .the containment and shielding
requiremen ts for normal conditions of transport, as defined in 1

Appendix A of 10 CFR Part. 71.
.

O
L

*
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2.10.3 Appendix ,
,

/ N
.

#]ts gTb PITTSBURGH TESTING LABORATORY
FOIu 407 EEY..CON''

Fi g .....m.... ....

14 oct s south EDISTO AVE., COLUMBI A. S. C. 29205
.

nJ . j/s .. . ....,........ .. .m..... . . ...mc ... oo. m .... m ..Po...

iv %gg ;; :";=,.:'.:~ :, =.~.' .:~::,':::er:~;;. ::,.'s"::':: ~
% - O.. R.POR.. f. R.S.NW.O P.NUsNG OUR WW R ,&. .PPROW.L.

LABORATORY No.

3OD ORDER No. CB - 1132cuENT'S No.
REPORT

OF,

TEST DROP OF NUCLEAR WASTE CONTAINER -

,

PROJECT: Chem-Nuclear Systems

CLIENT: Chem-Nuclear Systems
.,

REPORTED TO: Chem-Nuclear Systems - Box 7,26 ,Barruell, SC ATm: Karl Kinkade
,

, -
,

On January 14, 1978, Pittsburgh Testing Laboratory's inspector reported to

the above project as requested by the client for the purpose of observing the

Test Drop of a Nuclear Waste Container. The purpose of the test was to prove '

that the' container would maintain its form when subjected to an impact to the

top surface of the container. .

,

The weight of the container was obtained by the client who first determined .

.

the weight of the tractor and trailer as 28,600 lbs. This was subtracted from

the weight of the tractor, trailer and container, 68,560 lbs.. The weight of

the container was detemined to be 39,960 lbs. These weights were obtained on

the scale of W. F. Dicks of Batmell, S.C. who's weight tickets are included in

this report.

A Du rg load was placed inside the container to simulate an actual loaded

condition. The durg load consisted of fourteen, 55 gallon drums filled with

wet sand and weighirs 750 lbs. each. Two pallets weighing 25'O lbs. each and a

350 lb. grid were used to brace the drums inside the container. This is an

additional 11,350 lbs. and increases the total weight of container to 51,310 lbs.

The dumg load was weighed on a Fairbanks-Morse Scale which had no identification

plate and had been rented from the Camlina Scales Corpany of Colt =bia, SC.
( )
d' The test required that the container te dropped a distance of one foot,

strikin;; the tcp of the centainor squarely en a non-yielding surface.

2-102 '

. .



..

_

.

.

gggs Foru aor ccv.-co

4 ~ 'U5b PITTSBURGH TESTING LABORATORYv@:
S

% E . ,a .u , . O ....

E 802 B SOUTH EDISTO AVE., COLUMDI A. 5. C. 29205
[' ,

,

'
i, at a wuruno PRorECysON TO cufNit. vs.E pusuc aND OuRsELv Es. aLL REPORrs

OR P L Ca BON OF SraTEMENTS ONCLUSIONS OR EX1RaCTS FRCs4 Ost REGan ING
Oum RfPORTS is RESERVED PENDING Oum WRITTEN APPROVAL.

LABORATORY No.

CUENT'S No. 1st ORDER No. CB - 1132REPORT
OF '

,

TEST DROP OF NUCLEAR WASTE CO?TfAINER
.

PAGE 2

To do this, the container was turned upside-down and suspended from a steel
,

.

frame. Explosive bo,lts, were used to brovide a. quicker seperation from the frame
.

.

support and a straighter drop'of tle container. Trie height of suspension was3

gauged with e steel rod measuring 12 inches in length. The actual tes't height -

exceeded 1 foot since the container cleared the rod by approximately one inch, as '

, ,

can be seen in the inclosed photograph. The non y1'elding surface was provided

by a thick steel plate placed on a large concrete slab. Leveling of the container

was done with a sand's-craft, SC21AB 48, 4 foot carpenters level manufactured '

) by Sands Levels and Tool Div.; Wichita, Kansas.*

,

,

After dropping the container, the cylindrical side wall, especially near ,,
'

1
L 2

the impact surface, was visually inspected and no damage of any type could be y

found. The container was then turned on its side so the impact surface; the
, ,.

top of the container, could be inspected. This surface is covered with small
-

chips and scratches in the paint which have started to rust. 'Ihe impact was x
- <

concentrated in the curter ring, which is the top of the cylindrical side wall. '

Except for several areas where some paint had been chipped, no damage could b^

found on this surface. Several of the bolts on the center cover apparently had

inpacted and scuff marks were visible on them. One such bolt can be seen at

center of an enclosed photograph.

INSPECTOR: R. Schen"an
Job Time: 8.5 hrs. - Travel Time: 3.0 hrs.

O'p' 1 - Client Respectfully submitted,
l - PTIepch PI'ITSEURCH 'IESTING LABORNIORY
1 - PTircb .7

,/ w //fhy/dsv
# Chas H. Nicholson

2-103 Columbia District Farager
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