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Abstract
( SCANS (Shipping Cask Analysis System) is a microcomputer-based system of

computer programs and datatases developed at the Lawrence Livermore National Laboratory
(LLNL) for evaluating safety analysis reports on spent fuel shipping casks. SCANS is an
easy to use system that calculates the global response to impact loads pressure loads and
themul conditions, providing reviewers with an indelendent check on analyses 1.ubmitted by
licensees.

SCANS is based on microcomputers compatible with the lilM PC family of comput-!

ers. The system is composed of c series of menus, input programs, cask analysis programs,
and output display programs. All data is entered through fill in the-blank input screens that
contain descriptive data requests. Analysia options are based on regulatory cases described in
the Code of Federal Regule.tions (1983) and Regulatory Guides published by the U.S.
Nuclear Regulatory Commission in 1977 and 1978.
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Executive S u m m a r.y

Lawrence 1.ivermore National Laboratory has developed a miciocomputer based
analysis system to assist the Nuclear Regulatory Conunission in perfonning confinnatory
analyses for licensing review of radioactive-material shipping cask designs. SCANS
documentation includes multiple volumes This volume (Volume 1)is the user's manual and
program reference, in this volume we describe the system requirements, installation and
operation of SCANS the contents of the SCANS distribution diskettes, how SCANS is
implemented in a DOS environment, and the stmeture of SCANS databases. Volumes 2 and
following an the theory documents for each analysis module. The titles and contents for each
SCANS theory document are given in Appendix F.

,

_

h

3

4

versian: 2a Xi



Rev. .isioils,

x / Date: June 1.1989 'crsion: lb

Page 1-4,5 Added that DOS file COhthiAND.COh! must be in the root directory of
the hard disk drive which will contain SCANS,

Page 3 9.10 hiodified Figure 3-4 and the description of the end cap shield radius to
'

indicate that the value for the shield radius inust be larger than the
cavity radius.

Date: 51ay 21,1991 Version: 2n

AllPages All pages werr revised or reissued in order to acconunodaic the exten-
sive changes associated vcith the additional capabilities of the program.
%e major new capabilities air: options to inodify material data set and

_

thermal annlysis conditions; puncture analysis; elastic plastic lead
slutnp analysis; and buckling analysis.

ku

.

()_
YCI5kOII| 2 11

___ __ __ _ -_-



.. - .

Introduetion
o

S C A N S - Shipping Cask Malysis System *

1

From the inception of conunercial nuclear power production to this day, spent fuel has
been accumulating in reactor fuel pools acmss the county. When a pemianent nuclear waste
repository is established (as required by Federal law) this fuel will be shipped from the reactor
sites to the repository, in anticipation ofincreased license submittals for spent-fuel shipping
casks, the U.S. Nuclear Regulatory Conunission requested the Lawrence Livermore National
Laboratory to develop an integrated software system to conduct confirmatory analyses of the
casks. 'Ihe purpose of the analyses is to ensure structural integrity under a series of normal
operating loads and hypothetical accident loads as specified in Title 10 of the Code of Federal
Regulations (l983).

SCANS is a microcomputer based system of computer progranu developed by LLNL
for evaluating safety analysis reports on spent fuel shipping casks. The system is easy to use
and provides an independent check for reviews on the analyses submitted by licensees.
SCANS calculates the global response of the shipping casks to impact loads, thermal
conditions and pressure loads.

SCANS is composed of a series of menus, input programs, cask analysis programsg) and output display programs. An analysis is perfomied by preparing the necessary input data(V and then selecting the appropriate analysis: impact, thermal (heat transfer), thermally-induced
stress, or pressure-induced stress. All data is entered through fill in the-blank input screens
with descriptive data requests. Where possible, default values are provided as specified in
Pegulatog Guides published by the U.S. Nuclear Regulatory Commission (1977,1978).
The input data is evaluated for correctness before it is accepted.

Impact analyses use a one-dimensional dynamic beam model. Each node in the beam
model has two translational degrees of freedom and one rotational degree of freedom. The
impact code uses an explicit time-history integration scheme in which equilit;rium is
formulated in terms of the global external forces and internal force resultants. This formu-
lation allows the code to track large rigid-body motion. Thus, the oblique impact pmblem can
be calculated from initial imp:ct through essentially rigid-body rotation to secondary impact.
lateral pressure due to lead slump car. also be calculated.

Ap aropriate two-dimensional finite-element meshes are automatically s;enerated for
thermal, taermal stress, and pressure stress analyses, based on the general geometry
description. SCANS allows steady state or transient thennal analyses, which may include
3hase change, time- and/or tempemture-dependent material pmperties, time and/or temperature
x>undary conditions, and internal heat generation. Possible thermal boundary conditions
include specified temperature, heat flux, convection, radiation, interface contact resistance,
and nonlinear heat transfer to a bulk node. Thermal analyses use 4-node elements. Thennal-

| stress and pressure stress analyses are performed using a linear clastic static structural
!

'This work was supponed by the United States Nuclear Regulatory Commission under a Memorandum of
| V Understanding with the United States Depanment of Energy.
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Introduction
0

analysis pmpram which allows temperature-dependent material properties. Stress analyses
use 9-node elements.

Output is displayed graphically and can also be printed. Graphic displays include:
impact force, moment and shear time histories; impact animation; themial/ stress geometry
outline; thermal /stiess element outlines; temperature distributions as iso-contours or profiles;
and tempetature time histories.

O

.

t

+A
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Introduction
System DescriptionO '

V
SCANS uses a series of menus to coordinate input programs, cask analysis pro-

grams, output programs, data archive programs and databases. Figure 1 1 illustrate, the
menu stmeture. The menus are ordered according to the stages of an analysis.

SCANS requires only the press of a single key to make menu and subtask selections.
SCANS indicates the available selections on each display screen and describes what action
SCANS will take. l'or example: on the main menu SCANS indicates the appropriate keys
to press are 12 3 4 5 6 and Q; the action taken after pressing key Q is to return to DOS.

Data is entered through fillin the blank input screens. Full editing features are
available (insert, delete, move cursor, overtype, etc.), and data items are accepted when the
cursor is moved to another data field.

.

Select Cask
To Work With

START
Define Geomeuy
And Properties

Select Cask
To Work With

-
-

Perfortu
Analyses

Main'
Menu

Display/ Results7
Return
To DOS Print

Results

Archive
Data Set

Figure 1-1. SCANS menu structure.

:
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Introduction
Required liardware and Software

SCANS is designed for microcornputers compatible with th- IBM PC family of
computers. De minimum required hardware configuration is:

IBM "XT or " Compatible" with the following:
10 Mbyte hard disk drive>

360 Kbyte floppy disk
M0 Kbyte RAM
COA Board (Color Graphics Adapter)
Color Graphics Monitor
8087 Math co-processor chip
IBM or EPSON Graphics printer

SCANS perfor. nance is improved by using turbo XTs, ATs, IBM PS2s, and compat-
ibles. SCANS functions on MS DOS computers including the new 80386 class of machines.
A typical upgraded configuntion is:

IBM PS2 Mcxiel 80 (80386 processor)
40 Mbyte hard disk crive
1.44 Mbyte floppy disk (High Density)
360 Kbyte floppy disk (external)
M0 Kbyte RAM
VGA Board (Video Graphics Array)
VGA Color Monitor
80387 Math co-processor chip
IIP Laserjet, Laserjet 4, or Laserjet Series 11 printer

SCANS requires the operating system DOS version 3.1 or later. The DOS command
files listed below must be present in the root directory of the booting hard disk drive.

AUTOEXEC. BAT ANSI.SYS CONFIG.SYS COMMAND.COM

The DOS file COMM AND.COM must be in the root directory of the hard disk drive
which will contain SCANS.

The DOS prograrns listed below must be available thmugh the current PATil.

MODE.COM llACKUP.COM RESTORE.COM

ne file CONFIG.SYS must include the following lines:

DEVICE = ANSI.SYS
BREAK ON
FILES =15
B UFFERS= 15

ne file AUTOEXEC.ll AT must include the following path:

PATH x:\ where x is the hard disk drive which contains SCANS.

The files CONFIG.SYS and AUTOEXEC.DAT and the commLnd PATil are
described in the DOS reference manual.

1-4 version: 2a
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Introduction
Iristaillrig SCANS

The SCANS release package contains four Sw inch double density distribution
diskettes (or two Sw inch high-density diskettes for AT 1.2htb disk drives). The programs
and control files en the distribution diskettes occupy approximately 2.6hib of disk space and
must be installed on a hard disk drive. NOTE: The DOS file COhlh1 AND.COh! must be
in the root directory of the hard disk drive which will contain SCANS.

To install SCANS:

(1) Insen diskette number 1 into drive A: or 11: and type A:lNSTALL
if using drive A:. If using drive II:, type ll: INSTALL.

(2) INSTALLS preschts two choices:
Press S to select the hard disk drive where SCANS will reside
Press Q to QUIT and return to DOS

(3) INSTALL displays the available hard disk drives on your system.
Press the indicated letter to select the drive where SCAMS will reside
or press Q to QUIT and retum to DOS.

(4) INSTALL displays the space remaining on the selected hard disk
drive, creates the \ SCANS subdirectory, and prompts for SCANS
diskette number 1.

(5) Insett each diskette as requested into either drive A: or 11:. Press A or
11 as required to install that disk. Repeat for all distribution diskettes.

NOTE: Press Q at any time to abandon installing SCANS. INSTALL will ask for veri-
fication before de-installing SCANS.

(

E piugram INSTALL, is provided to perform the installation operations listed below:

(1) INSTALL determines how many hard disk drives exist on the
system, lists the hard disk drives and asks for the drive that will contain
SCANS.

(2) INSTALL checks the selected hard disk drive for enough space.
SCANS cannot be partially installed. If there is not enough space,
either remove files from the hard disk drive to create room or select a
different hard disk ddve (if available).

(3) INSTALL creates the subdirectory \ SCANS on the selected hard
disk. If an older version of SCANS is already installed, \ SCANS is
renamed to \SCANSnn (where nn is the previous SCANS version
number) before \ SCANS is created. If the same version of SCANS
is already installed, INSTALL asks if you want to reinstall SCANS.

(4) INSTALL copies the program and control files from the distribution
diskettes. INSTALL asks for each SCANS diskette in order.

(5) INSTALL unpacks the sample data set.
(6) INSTALL updates the SCANS procedure to identify the selected

hard disk.
7) Select video type (max tesolution for plots). Allows user to change

video and printer setup.

O
veision: 2a 1-5
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Introduetion
Running SCANS

O
Once installation is completed, start SCANS by typing: 1

SCANS (followed with Enter or Retum)

SCANS will display the title and disclaimer screen shown in Figure 12. Press any
key to continue. SCANS automatically initiates the Select Cask process and searches for
cask data sets that aheady exist. The number of existing data sets is displayed and two
choices are given:

Press Q to QUIT and return to DOS
Press any other key to proceed with cask selection

if no data sets exist. SCANS requests entry of a new CASKID. The CASKID is a
four digit number that identifies the cask data set. All four digits are rec uired. For example,
to specify a CASKID of 77, enter 0077. Enter Q to QUIT and return to DOS.

When only one data set exists SCANS displays a summary of the data set
(Figure 13). Three choices are provided:

Press N to select a new CASKID by direct entry
Press P to Proceed with the indicated CASKID (SCANS displays

the Main Menu)
Press Q to QUIT and return to DOS

9 3- a
SCANS - Shipping Cesk ANelysis System s

Yersion 2a Released May 21,1991 A
N

Developed for s
The U.S. Nuclear Regulatory Commission

Office of Nucleer Material Safety and Safeguards
Division of Safeguards end Transportation

5 '

NRC Contact: Dr. Henry Lee Phone- (301) 492- 0485
Code Developer; Lawrence Livermore National Laboratory 4

LLNL Contact: Larryfischer Phone: (415) 423- 0159 [q
'

Documentation: SCANS- Shipping Cask Analysts System Vol 1-7 NURE0/CR-4554
.

This program was prepared for en egency of the United States Government. s- At
Neither the United States Government nor any egency thereof, nor any of g

t-
'

their employees , make a any warranty, ex pressed or implied, or essume s any .

legsl 11 ability or responsibility for any third party's use, or the results
of such use, of ony portion of this program or represente that its use by i

such third party would not infringe privetely owned rights.
'

Press any key to CONTINUE

& J W
.

Figure 12. Title and disclaimer screen.
Displayed when SCANS is started.
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Introduction
ex Ittinnifig SCANS

;

( 'l

\J |
If inore than one data set exists, SCANS displays a list of CASKIDs and indicales

several options: |

Press N to select a new CASK!D by direct entry
Press S to wiect the highlighted CASKID and display data

set suminary
Press Q to QUIT and teturn to IX)S
Press 1 to hight ght the previou> CASK!D
Press a to highlight the next CASKID

WI en more than one data set exists, the summary screen options are:

Press S to select a different CASKID (return to the I

CASKID list screen) |

Press P to Proceed with the specified CASKID (SCANS displays
the Main Menu)

Press Q to QUIT and return to lX)S

After the CASKID is selected. SCANS displays the Main Menu. The first step for a
new data set is to define the basic geometry. Once the geometry definitions exist, the general
sequence of operations is to perform an analysis, display the graphical results (if applicable)
and then print the results. Each of these operations is selected from the Main Menu.

/ '\

q 3-

S
Summery of date for CASV 9999 C

A
t4

' APc LLtJL shipping cost for nuclear fuel rods S,

basic GeometrV * * E x1515 * * Checks Otag
impact Limiter f orce/ Deflection Dsta * * Exl5T S * * Chec6 s Oleg

Thermal / Stress finite element f1eshes * * Li t ST S * * 4;

1

Customized Thermal Analysts inputs . O Case (s) Ex ts'
Thermal Ansigsis Solutions i Case (r) E xist
Thermal-Stress Analysis Solutions- 0 Cese(s)[> tst
Pressure-Stress Analysts Solutions.. ' Ce9ds) Ex tSt

impact Solutions (Dynamic) 2 Cat.e(s ) [* 1st
'

?c

Impact Solutions (Quest-Static), O Cese(s) Exist /
'

,.

- ti to select New C ASK ID

PAESS - P to proceed with this C ASK ID '

- O to 0VIT
& E )

,

C')I
I?igure 13. Cesk data set summary screen.
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Main Menu
f

The Main Menu (Figure 21)is the central hub of SCANS. It provides access to
e

five task menus and the select cask facility. The task menus are connected only through the !

Main Menu. They cannot call each other directly.

PRESS 1 to Select a new CASK ID

The select cask facility is similar to the select cask process when SCANS r

is started. The only difference is that pressing Q returns to the Main Menu
instead of leaving SCANS and retuming to DOS. ,

PRESS 2 to Create / Modify the CASK geometry model

Select this task first for a new cask data set. SCANS displays the Geonie-
'

try Menu which provides tasks for: (1) creating new (or modifying previ-
ous) basic geometry defin' ins and impact limiter force-deflection curves;
and (2) copying basic gec. :tr/ or limiter curves from a different cask data
set.

{ .a
s
C

A

"sSCANS M AIN ME NU SCANS

+g
Current C ASK ID is 9999 M5

PRESS M.pe
n r

1 To select a new CASK ID DtJ
qRI

2 To Create /Moctfy the CASK geometry model je Qk.
.m

3 To Perform CASK analyses OMR
$%d54 To Display enelysts r esults and/or geometry g-- g{

5 To Print / Review onelysis outputs $f@
T6 To Archive / Retrieve / Delete C ASK date sets g; ( 'i

g J
0 To Outi end return to DOS ( ~ g

nL C;i,_ - u

Nhik
6 MRL

Figure 21. SCANS Main Menu. l
|
1

k
1
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Main Menu

O
PRESS 3 to Perform CASK analyses

,

CASK analyses are performed after de'ining the cask geometry and if
necessary, the impact limiter force-deflection curves. SCANS displays the
Analysis Menu, which provides tasks to perfonn analyses involving impact
loads, thermal distributions and stresses, and pressure loads.

PRESS 4 to Display analysis results and/or geometry

SCANS displays the Display Menu which provides tasks for: (1) pk.tting
dynamic impact time histories; (2) displaying and printing finite-element
meshes used for thermal, thermal stress and pressure stress calculations;
and (3) plotting thermal distributions as isocontours, time histories, or
thermal profiles. The tinite-element meshes can be displayed before any
analysis is performed. Results cannot be plotted until the appropriate c
analysis is perfonned. )

PRESS 5 to Print / Review analysis outputs

SCANS displays the Print / Review Menu, which provides tasks for print-
ing or ieviewing all printable outputs (analysis results or the cask summary
and data check). Printing an output sends it to the printer; reviewing an
output displays it on the screen.

PRESS 6 to Archive / Retrieve / Delete CASK data sets

SCANS displays the Archive Menu which provides tasks for: (1) archiv-
ing cask data sets; (2) retrieving previously archived data sets; and (3)
deleting cask data sets (complete data sets orjust the output) from the hard _

disk.
,

PRESS Q to QUIT and return to DOS

SCANS terminates the session and returns to DOS in the root directory of
the hard disk which contains SCANS. .

.

4

#

2-2 venix 2a

=

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



_

Geometry Menu
.

b
The Geometry Menu (Figure 31) provides tasks for creating new (or modifying

previous) basic' geometry definitions and impact limiter force-deflection curves,

l'RESS 1 to Create / Modify basic geometry

If the basic geometry definition data set exists, editing is initiated, if the
basic geometry data does not exist, SCANE creates a new data set with
default values, and editing is initiated. When the basic georaetry is saved,
SCANS automatically performs a data check. liasic geometry definitions
must be completed and pass the data check before SCANS will perform
any analysis,

l'RESS 2 to Create / Modify impact limiter F/D curves

if the impact limiter force deflection curve data set exists, editing is initi-
ated. If the limiter curve data does r.ot exist, SCANS creates a new data
set with default values, and editing is initiated. When the limiter curve data

',

is saved, SCANS automatically performs a data check. Lindter force-
deflection curves must be defined and pass the data check before SCANS
will perform an impact analysis.

[ y ,1 m
S

A
*

N
SCANS 0 E O M LT R Y M E N O $ CANS S

'Byf|,

Current CA$r ID is 9999 W,'

4

PRESS
w&g
[@M$

-
_

1 To Create / Modify beste geometry

2 To Create / Modify impact limiter F/D curves . hkh
3 To Copy basic geometry from different cast

,

4 1o Copy hmiter data from different cask @iK,3;
5 1o Modify mater tal data set

M To Return to MAIN MENU gg

_
- k

b //%s;sh

Figure 31. SCANS Geometry Menu.
3
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Geometry Menu

PRESS 3 to Copy basic geometry from different cask

Use this featun: to create the basic geometry definition data set by copying it
from the existing data set for a different cask. Then, modify the data set to
resolve any differences between the casks.

SCANS lists the available basic geometry definition data sets from other
casks. Use the cursor keys to highlight the data set to copy, then press S. '

If a basic geometry data set already ex'sts for the current cask, SCANS
asks for confirmation before copying the selected data set over the current
one.

PRESS 4 to Copy limiter data from different cask

Use this feature to create the impact limiter force-deflection curve data set by
ecpylag it from the existing data set for a different cask. 'lhen, modify the
data set to rcela any differences between the Saska.

SCANS lists the available limiter curve data sets from other casks. Use
the cursor keys to highlight the data set to copy, then press S. If a limiter
curve data set already exists for the current cask. SCANS asks for confir-
mation before copying the selected data set over the current one.

PRESS 5 to Modify material data set

Use this feature to create or modify material property data set. To create a
data set, first copy it from an existing data set. Then, modify the copied set
to the desired data set. Only the data sets created by the user can be
modified. The built-in inaterial data sets are locked; i.e., they cannot be
modified but can be copied.

SCANS lists all available material property data sets including the built in
and user-created sets. Use the. cursor keys to highlight the data set to copy,
then press S. SCANS will ask the user to name the new material data set
and identify the cask component for which the data is intended. If a data set
with the same name already exists for the component, SCANS asks for
confinnation before overwriting the old data set with the new.

PRESS M to Return to MAIN MENU

SCANS returns to the Main Menu display.

O
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Geometry Menu
Using the Etlilor

SCANS uses a general purpose Gil-in the blank type editor to enter data for the basic
geometry definition and the impact limiter force-deucction curve definitions. Appendix A has
a complete description of the editor features, displays, and usage. A condensed description of
how to use the editor is included hete.

The editor title screen indicates the status of the data set. To abandon editing at this
point, press Q to quit and return to the Geometry Menu. If the data set does not exist, press
any other key to create the data set using default values. If the data exists, press D to delete
the data set and create a new one or press any other key to edit the existing data set. When 1)
is selected, SCANS asks for confinnation before proceeding.

The editor reads a te.uplate which describes the editor screens and, if creating a new
data set, identifies each editor page as it is created with the appropriate default values. The
editor then displays the first editor page. Each page contains related data, and each data field
has a descriptive label indicating what to enter (units are indicated if appropriate). Ali fields
displayed in light blue are required inputs, Delds displayed in green have default values which
can be changed or accepted as is.

On each page display,in the upper left hand corner, the editor displays the nutnber of
pages which must be accessed. These pages have fields that must be filled in before the data
set is considered complete. The page list display also identifies these pages. He sure to move<

to each field that is labeled in light blue. If necessary, enter the appropriate data.>

Use the following keys to edit a field:
Characters, numbers and special symbols to enter the appropriate data

(Typing in the first character position clears the field)
Keypad left and right anow keys to position the cursor
DEL <tnd backspace keys to delete characters
INS key to toggle between insert and overtype modes

Use the follewing keys to accept a field and go to another:
Keypad up and down arrow keys or ENTER to move to previous or next

Geld on current page.
Keypad PgUp and PgDn to move to Grst field on previous or next page.

.
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Using flie Editor

O
Use the following keys f or help, redefaulting and special contml:

ESC to display help relating to the cuncut field and a description of all the
editing keys.

F1 to display list of all the pages in the data set. Use the keypad up and
down anow keys to highlight the desired page and then press F1
again to move to the ir:dicated page. The page list screen indicates
which pages have data 11 elds that must be fdled in.

F2 saves the data set, terminates the editor, and tetums to the current menu.
F3 abandons editing. SCANS ash for confirmation lefore pmceeding.
F1 saves the data set and continues editing.
F5 prints the displayed page on the printer, Make sure the printer is on-

line.
F6 resets the current field to its default value.
F7 resets all fields on the current page to their default values,

if the entered data is invalid for the specified field, the editor displays an error message
at the bottom of the screen and indicates any restrictions on the data item. Press ENTElt to
clear the ermr message and rerum to editing.

See Appendix A for a more complete description of the editor and its features.

O

O
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Geometry Menu
Defittilig flie Geornetry

,

SCANS uses a simplified cask nniel comprised of seven components: (1) cask
cavity; (2) shell: (3) top end cap; (4) tuttom end cap; (5) top impact limiter; ;6) bottom innpact
limiter; and (7) neutron shield and waterjacket. 'Ihe general funn of this cask model is shown

!

'

in Figure 3 2. The shell and end caps can be either solid (single layct) or laminated (tsn or )
three '.ayers). The cavity, shell and end caps must be defined for each analysis, impact |

limiters are optional but are required for impact calculations. The neuuon shiehl/ water jacket
is optional and,if included, used only for thermal analyses. Mesh division values are used to

; generate two c'irnensional finite-element meshes for ther.ual, thermal stress and pressure. ;
; strest itnalyses. The geometry definition is described in the conteu of the editor pages that i

j follow.

- - - - - - - -.-

r ,

Top impact Limser *

Top End Cap - *

o ,

I |
Shell *

|- __t .

e e-

Cavny -- --

Water Jacket --

i

Neutron Shield

> e

J
,

- -

|

| -4m= '4-

L $_
Bottom End Cg =

4

Bottom impact Limiter - - - - -

| Figure 3 2. SCANS simplified cask model.

1
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|

|

liasic Geometry PAGE 1 General SAR Information

The SAR title is required. Four fields are pmvided for othei SAR infonnation, three
fields are provided for additional information, and three for the submitting company's
address. All fields on this page are character type and are noi checked for validity.

liasic Geometry PAGE 2 Reviewer Information
i

There is no required data on this page, it is provided to document the persons
involved in the cask evalua:lon. All fields are character type and are not checked for vdidity.

Ilasic Geonictry PAGE 3 Cask Cavity / Contents Specifications

The cavity aimensions and the weight specifications are required for all analyses. The
maximum heat generation rate is required for thennal and thennal stress analyses.

Cavity inner radius (inches) Required. Must be positive and less than
2000.

Cavity length (inches) Required. Must be positive and less than 2000.
Gross weight of package (lbs) Required. Ireludes the cask body,irnpact

limiters, internal structures, and spent fuel contents. Must be
'

positive,
Weight of spent fuel contents and intemal ;tructures (lbs) Required. Must

be non negative.
Maximum heat generation rate of the spent fuel contents (Btu / min). Used

for thennal and thennal stress analyses. Must be non-negative.
Initial cavity charge pressure (psia) and temperature (degrees F). Used

during thermal analyses to estimate the change in intemal pressure
as a result of thermal loads. Pressure must be positive, and tem.
perature must be greater than or equal to 100*F.

Maximum normal operating pressure (psia). Used as one of the regulatory
pressure stress loading conditions. Must be positive.

Temperature defining stress free condition (degrees F). Used for thermal.
stress analyses. May be changed during specification of the ther-
mal stress analysis. Must be greater than or equal to 100*F.

Number of mesh divisions along cavity inner radius and along cavity half
length. NOTE: Specify the mesh divisions along the half length of
the cavity, not the full length. Must be even and between 2 and 30.

O
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Geometr.y Menu
1)efining the Geoliietryo

liasic Geometry PAGE 4 Cask Cornponent Conugurations

The default cask configuration has a solid shell and solid end caps. It includes top and
bottom impact lirniters, neutron shield, and waterjacket. Enter L to specify a lantinated shell
or end caps. Enter N to exclude citner limiter or the neutro, shield and water jacket.
Figure 3 3 shows several possible configurations.
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,

<

! END CAPS edd !
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NEUTFON SNIELD Nore
p]|

.

IMPACT LIM!TER No linuke ovterhang '

,

3 :

[ ,,
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!j j I
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b 5 l I
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) ! NEUTRON SNIELD Pkre
/ ! IMPACT UM!TER We kmner overhang m _
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| WATER JACKET IrwArJod
I . .
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) ! Umeter r.ame d ameter as cask t>ody | |t |
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I,
'

!

!

!
<

I
d . SHELL. Laninatod. 3 layers
{j hid not tuli longth of cavity ;-1_[

!
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i

4 WATER JACVIT: Ncoe * ~ " ~ ~ ~ ~
! NEUTRON StCELD. NoneL iuPACT tiuiTER. tim ier sunuune cask

[Q Figure 3 3. Sample cask configurations.
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Geometry Menu
Defining the Geometry

liasic Geometry Page 5 Cask Shell Specifications

Page Sa is displayed when a solid shellis specified and page 5b is displayed when a
laminated shellis specified.

Solid Shell

Shell thickness (inches) Required. Total thickness of the shell, hiust be
positive and less than 2000.

Shell material name. Select from the displayed list of tnaterials.
Number of mesh divisions through shell. Used to generate a 'wo-

dimensional finite element mesh for thermal, thermal-stress and
pressure stress analyses, hiust be even and between 2 and 10.

Lnminated Shell

Shell inner layer thickness (inches) Required. hiust be non negative and
less than 2000. Set to 0.0 to eliminate the innerlayer.

Additional thickness of inner layer in vicinity of the end caps (inches).
!hiust be non-negative and less than 2000. Set to 0.0 if inner shell is
i

not thickened. Used for impact analyses with unbonded lead
shielding.

Shell inner layer matedal name. Select from the displayed list of materials.
Shell shield layer thickness (inches) Required. hiust be non neguive and

less than 2000. Set 10 0.0 to eliminate the shield layer.
Shell shield length (inches) Required, hlust be non negative and less than

2000. Set to 0.0 to climinate the shield layer, hiny be larger than
the cavity length but should not exceed the cask tody length (cavity
length plus thickness of both end caps). Figure 3 4 shows the
effects of vanous shell shield lengths. NOTE: impact analyses
assume shield length is same as cavity length.

Shell shield layer matedal name. Select from the displayed list of materials.
Shell outer layer thickness (inches) Required. hiust be positive and less

than 2000.
Additional thickne:;s of outer layer in vicinity of the end caps (inches),

hiust be non negative and less than 2000. Set to 0.0 if outer shellis
not thickened. Used for impact analyses with unbonded lead
shielding.

Shell outer layer matedal name. Select from the displayed list of matedals.
Number of mesh divisions through inner layer, shield layer and outer layer

of the shell, if inner layer or shield layer is eliminated, number of
mesh divisions is ignored, hiust be even and between 2 and 10.

O
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than cavity radus than cavity radius greater tren cavity radus,

Figure 3 4. Possible shield configurations.
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O
Ilasic Geometry Pages 6-7 Cask End Cap Spcifications

Page 6a is displayed when a solid top end cap is specified. Page 6b is displayed when
a laminated top end cap is specified. Pages 7a and 7b are for solid and laminated bottom end
caps; these pages are identical to pages 6a and 6b.

Solid End Cin

End cap thickness (inched Required. Total thickness of the end cap.
Must be positive and less than 2000.

End cap material name. Select from the displayed list of materials.
Nutaber of mesh divisions through end cap. Must be even and between 2

and 10.

Laminated End Cap

End cap inner layer thickness (inches) Required. Must be non-negative
and less than 2000. Set to 0.0 to eliminate the inner layer.

End cap inner layer material name. Select from the displayed list of
materiais.

End cap shield layer thickness (inches) Required. Must be non-negative
and less than 2000. Set to 0.0 to eliminate the shield layer.

End cap shield radius (inches) Required. Must be non-negative and less
than 2000. Set to 0.0 to eliminate the shield layer. Must be larger
than the cavity radius and sheuld not exceed the cask body outer
radius (cavity radius plus shell thickness). Figure 3-4 shows the
effects of various end cap shield lengths.

End cap shield layer material name. Select from the displayed list of
materials.

End cap outer layer thickness (inches) Required. Must be p0sitive and
less than 2000.

End cap outer layer material name. Select from the displayed list of
materials.

Number of mesh divisions through inner layer, shield layer, and outer layer
cif the end cap. Ifinner layer or shield layer is eliminated, number
of mesh divisions is ignored. Must be even and between 2 and 10.

O
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y Defining the Geometry
y

Basic Geometry Page 8 Cask Closure Holts Information
--

Number of closure bolts Required. Must be positive and less than 100.
D!ameter of closure bolts (ir.ches) Required. : Must be positive and less

than or equal to 10.
Closure bolt circle radius (inches) Required. Must be positive and less

than 2000. Should be greater than the cavity radius and less than
the cask body outer radius (cavity radius plus shell thickness).

Basic Geometry Page 9 Cask Neutron Shield / Water Jacket Speellications

The neturon shield and water jacket are not included in impact, thermal stress and
pressure-stress analyses. They may be included in thermal analyses if they affect heat trans-
fer.

Neutron shield and water jacket length (inches) Required. Must be non-
negative and less than 2000. Should be less than the cavity length.
Set to 0.0 to eliminate the neutron shield and waterjacket (same as
specifying on Page 4 that they are not included).

Neutron shield. thickness (inches) Required. Must be non negative and
less than 2000 Set to 0.0 to eliminate the neutron shield,

Neutron shield material name. Select from the displayed list of materials.c

k Waterjacket thickness (inches) Required. Must be non-negative and less
than 2000. Set to 0.0 to eliminate the waterjacket.

Waterjacket material name. Select from the displayed list of materials.
Number of mesh divisions through neutron ' shield and water jacket. If

neutron shield or water jacket is climinated, number of mesh divi-
sions is ignored. Must be between 1 and 3.

Bnsic Geometry Pages 1011' _ Cask Jmpact Limiter Specifications

Page 10 is displayed when a top impact limiter is included in the cask model. Page 11
is displayed when a bottom impact limiter is included. Top and bottom impact limiters are
specified in a similar manner. Impact limiters are included in impact and thermal analyses.

; Figure 3-5 shows possible impact limiter configurationsc

Impact limiter radius (inches) Required.- Must be positive and less than
2000. Should be greater than or equal to the cask body outer radius
(cavity radius plus shell thickness).

Impact limiter centerline thickness above the end cap (inches) Required.-
Must be positive and less than 2000.

,

e'
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O
Impact limiter overhang thickness below the end cap (inches) llequired.

Must be non. negative and less than 2000. Should be less than or
equal to half the cask body length (cavity length plus thickness of
both end caps). Set to 0.0 for no overhang. Set greater than half 4

cask body length to surround the cask with the impact limiter. If the I

impact limiter radius is less than or equal to the cask body outer
rrdius, the overhang thickness is ignored.

Impact limiter material name. Select from the displayed material list.
,

Number of mesh divisions through limiter centerline thickness and over- <

hang width (impact limiter radius minus cask body outer radius).
Must be between 1 and 10.

_.

O
, ........ ._ .... ....

Limiter RADIUS: Equal to cask body Limiter RADIUS: Greater than cask body

Limier OVERHANG: None LimiterOVERHANG: None

|
,

._..... .............. ......

RADIUS: Greater than cask body RADIUS: Greater than cask body

OVERHANG: Included OVERHANG: Included, exceeds body half length
(Limiter surrounds the cask body)

Figure 3 5. Possible impact limiter configurations.

3-12 version: 2a



_ _ - _ _ _ -

Geometry Menu -

Defining the Geometry

9
Basic Geometry Page 12 Cask Impact Model Specifications

Define these values for impact analyses. They are not used for any other analysis.

Number of elements for the one-dimensional beam impact model. Accuracy
generally improves with increased number of elements. Ilowever,
the more elements used, the higher the possibility of capturing
unnecessary high frequency modes. The integration time step is
inversely proportional to the maximum frequency of the model.
Thus, high frequencies require small time steps which causes the
computation time to lengthen. The number of elements also

,

specifies where force and stress infonnation is output. Set to 3 for
output at third points. Set to 4 for output at quarter points. Set to 6
for 1/6th points. Set to 12 for quarter and third points (plus a few
mare). Must be between 3 and 20.

Top impact limiter weight (lbs). Set to 0.0 to calculate top impact limiter
weight based on limiter dimensions and density.

Bottom impact limiter weight (lbs). Set to 0.0 to calculate bottom impact
limiter weight based on limiter dimensions and density.

Define impact model with user spdfied properties? [Y/N]. Soecify N to
use shell, end caps, and impact limiter dimensions for impact
analyses. Specify Y to input the following impact model properties

9 directly. These properties are described in Volume 2, SCANS
Impact Analysis Theory Manual, in the section discussing the theory
ofimpact. The weight of the contents and internal structures must
be specified on the basic geometry editor page 3 (cask
cavity / contents specifications).

The following properties must all be positive. -

Shell translational mass (Ib-sec**2/ inch).
Shell rotational mass (lb-sec**2-inch).
Shellinside length (inches).
Shell E*I (composite Young's Modulus x Moment of inertia)

(lb-inch * *2).
Shell A*E (composite Young's Modulus x Area)(lbs).
Shell composite Poisson's Ratio.
Top end translatic,nal mass (lb sec* *2Tmch).
Top end rotational mass (lb-sec**2-inch).

Bottom end translational mass (lb-sec* *2/ inch).
Bottom end rotational mass (lb-sec* *2-inch).
Characteristic cross-section width (inches).

O
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Defining the Impact Limiter Force-Deflection Curve

SCANS has eight predefined oblique angles for impact analyses: O degrees (side
drop); 15; 30; 45; 60; 75; 90 (end on drop); and CG (center-of-gravity drop). Impact limiter
force-deflection curves are related to the angle ofimpact because limiter crush forces are based
on the contact footprint. Define any or all of the limiter curves; there are eight possible can'es
for the top impact limiter and eight for the bottorr limiter. If curves are only defined for one
limiter, SCANS will not allow side drop analyses, secondary impact analyses, or analyses
specifying the end without an impact limiter as the primary impact end.

The impact limiter data set has 17 editor pages. Page 0 specifies the slope of the
unloading path for the impact limiters (Figure 3-6), This slope relates the force unloaded
with the amount of clastic recovery of the limiter. SCANS allows three choices: C selects the
maximum slope of the limiter force-deflection curve as the unloading slope; N selects no
elastic recovery of the impact limiter (for dynamic stability this is approximated by an
unloading slope that is five times the maximum slope of the force-deflecuon curve); and U
selects a user specified unloading slope (in terms of kips of unloading force per inch of elastic
recover),

q y a
3Sample Limiter deflection / force data 10:9999 Today is:10/05/ S8 C

Impact Limiter Unicading Specification Page0 of 2h Last %gd.10/02/8S A

S

Select the slope of the unloading p6th for impact limiters
, ,

C -- Unicading slope is maxtmum slope oflimiter curve N
N -- No elastic recovery of tmpact limiter <

( Approximated by unloading slope of 5 times max slope of curve) ,.y
'

U -- User specified unloading slope ' W +-m
({Of

Type of impact Limiter Unloading.. ..[N) .. 'v
qq>q>

.g
9' }h
M <. s

y?5
7fF1 List Pages F2 Save+ END F3 OUIT w/o Save F4 Save+ Continue FS Print Page 7

F6 Redefault Current Field F7 Redefault Entire Page ESCepe for HELP '| fgf

6 BhNy

Figure 3-6. Impact limiter unloading specification.

O
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x'/

Each of the remaining pages specifies a force-deflection curve for a specific limiter
(bottom or top) at a specific impact angle. Pages la-lh deGne force-deflection curves for the
bottom impact limiter, and pages 2a 2h deGne curves for the top limiter. Use the keypad
PgUp or PgDn keys to display the page with the desired limiter and impact angle (or use
the page list function key F1 to select the page). The impact end and orientation angle are
identi6ed in the upper left comer of the screen. Then, type Y and press ENTER to activate
the curve data. Fill in up to ten curve points; the first two points are required. If there are less
than ten curve points, leave the remaining curve points 0.0. Enter deflections in inches and
forces in kips. Data page Ic, which specifies the bottom impact limiter for a 30-degree
impact, is shown in Figure 3 7.

Press F10 to copy curve data from a different impact angle or cask end. When
SCANS displays the list of all impact angles, use the UpArrow and Dn Arrow keys to
indicate the data to copy from and then press C to perform the copy.

Each force-deflection curve must be single valued and in increasing order. That is,
each deflection point must be larger than the previous one. The impact limiter force deflection
model is described in Volume 2, SCANS Impact Analysis Theory Manual

Q y. 3Sample Limiter deflection / force data ID 9999 Today is 10/05/8S
Sottcm impact Limiter for 30 degree impact Page !c of Ch Lest chgd '0/05/SS S7

!j APress F10 to copy Force /Denection cata from another impect angley
N

impact engle is defined as follows- SIDE 1mpact angle is 0 8

END ON 1mpa:t engle is 90

Do you wish to define a Deflection / Force curve for this angle ? (Y/N). . [Y:

You must define et least 2 dene0 tion / force pairs
Deflection "0 (in) .0 f orce 3 0 (kips) .0
DeGettion u! (in).[0. Force "1 (k 1ps) .10. ; ,,

De nec tion "2 (in)_[0 f orce # 2 (kips).[0. g.
.

De flec t ion " 3 (in) ..[0 Force "3 (kips) [0. : "

De flec tion " 4 (in) ..[0. I f orce # 4 (kips) [0 ] ,

De flec tion 8 5 (in) [ 0. ; f orce "5 (k ips ) _ {0, ) 4,,
De0ection "6 ( in ). . . [ 0. Force # 6 (ktps) [0 n i.

i Deflec tion " 7 (in) {0 ) f orce # 7 (kips) ..(0. j3;

De nec tion "8 (in)...[0 ] Force " 6 (k ips). [0. ' .. i
) ?De flec tion " 9 (in) .JO ] Force "9 (tips) [0 1

( /De flec tion "10 (in)~[0. ] Force "10 (k tps) [0 ;

F1 List Pages F2 Save + END F3 OUli w/o 53ve F4 Seve + Continue F5 Print Page
'

+

. {6 Redefault Current Field F7 Redefault Entire Page ESCepe for HELP
y j- d, .

Figure 3-7. Sample impact limiter data page.
I
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Defining User Material Data

SCANS has eighteen built in material data sets w hich can be copied in order to create
a user material data set. The built-in sets comprise five materials (stainless steels 304,310,
316, and 347) for the end-cap and shell structures; one material (lead) for the radiation shield;
four materials (balsa wood - cross grained, polyfoam, polyurethane, and redwood - cross
grained) for the impact limiter; six materials (carbon steel, copper stainless steels 304,310,
316, and 347) for the water jacket; and two materials (convections in air and in water) for the
neutron shield. Details'of these data sets are given in Appendix B. When the option of editing
material data set is selected, SCANS lists all existing material data files and identifies the
eighteen built-in data sets as locked files which can be copied but not modified (Figure 3-8).

SE Ci f1 ATERI AL file Y
rite NAME C A!k COMPONEN. DATE NOTis

11 27 69 Loskd AJ ARE'lisTt c s t.on Lts E ut' + N , h % u. t ..

N
$3304 Stein'ess Steel 304 En Cap /She116tru:ture 11-27-89 L o: Leo 3
35310 Stain'ess 5 teel 310 En:Cep/Shell s tr uc ture 11-27-89 Locte!

$$316 Steintess Steel 316 Ent:ep/She11 Sinx ture 11-27-69 Lockes
^

S$347 stein'ess $ tee! 347 En Cap /Shell Structure 11-27-89 L o:t ed *

U5304 Stein'ess Steel 304N EndCap/! hen Structure 12-17-90 3

,$LEAD Cast Lee Shie' din; 2-04-91 Loctec
,

BALSAx0R Eoise woo Cross 0rsin impe:t Limiters 10 - 04 - e 9 Lock ec <
s

PCLYFCAf1 Polyfoen impa:t Limiters 10-04 29 Lock e

PURETHAN Foly urethane Inose t limite rs 10-04-89 Locte: Ds

g [.REDWDXOR Re: woo: Cross ;tein impact Limiters 10-04-69 Lock ed

CARBN$il Carbon Steel Water Je:ke t 11-27-89 Lo ked a

, YkCO P PER Copper water Je:ket 11-27-89 Lo:ke:

$3304 Stenniess S teel 304 water Je:ket n-27-e9 Locr ec ,T'~S-

55310 Stain'ess Stes131C wa ter ea:te t 11-27-89 Locte: h
2f553!6 Stein'ess Stee1316 water Ja:Le t b27-89 L ockee

$5347 Stain'ess S teel 34 7 w ater Je:ket 11-27-89 Locte: 't ~ "

A:RCONV Convection in Air heutron $hte10 10-01-89 Lock ed 44,
H2CCCNY Convection in w ster heutron Shie':: 10-04-89 Locked { 4;j,

Press any of the following Leys i ,. d

C to Copy incicated sta set C to CU!T I to move to previous cata set ,\

Locked filea may not t,e e:tts: 1 to move to next cets set y

Figure 3-8. Material file list.

A new user material data set is created by copying one of the existing material files
displayed by SCANS. SCANS uses a file name and a cask component name to identify the
new data set. SCANS asks the user to enter a file name of his choice and to press one of the
following function keys to select a component:

F1 for end cap / shell structure
F2 for shielding
F3 for bolts
F4 for impact limiters
F5 forwaterjacket
F6 for neutron shield
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Geometry Menu
Defining User Material Data

The bolts option is for future development of SCANS. The current version of
SCANS does not require material properties for bolts. If the assigned file and component
names coincide with those of an existing data set, SCANS will ask for permission before
replacing the o'd file with the new.

All material Gles except the locked files can be edi ed. SCANS uses eleven editort

pages for the editing. The pages contain all the material data needed for SCANS analyses.
For a specine material, component and analysis, only a portion of 'he material properties listed

L in the editor pages are used; input values to the unused propenies are not needed and have no
' etfeet on the SCANS analysis results.

_

Page 1 of the eleven editor pages specifies the narne and density of the material. The
name is used to describe and identify the material. The density is used in all SCANS
analyses. The data on this page are, therefore, required fcr all materials and components.

t Page 2 contains properties t!iat are used for impact and puncture analyses
(Figure 3-9). He impact analysis includes a buckling analysis of the inner and outer shells
of the shipping cask, and a lead slump analysis of the radiation shield. The values used for
the propenies on this editor page should be appropriate for tiie temperature and strain rate of
the impact or puncture phenomena being analyzed. The specific use of the properties on this
page are as follows:

- Q
Materta'spectft:stions for Us304 :D.M tti To::sy is 3/12/91 3

Impact. Puncture. Buck!)ng AnaNsis Props Ee;e 2 of 4h Lestch;0 10/03/89 C
- A

N
impa:t Youn7s Mo;uius (psi) .128300000 3 S
impac t Poisson s Ratio . .{29 )

,

e

The fo'lowird properties are used for puncture end bucklin; \ ,y
, _|YW>

Ytelc Stress (pst) . .(32743 ] | ppy
Olestic Modius (pst) . IC. ]

Ultimate stres:(psi) . ..i75000 } p '

u

1,q $
00 end m Oefine the stress-strain rebitor, at stress levels above if g[P'

[Jjgthe proportions! stress limit e Corom; to o * oo * c''m

| $
Proportional s tress hmtt (psi) .!21736 1 )s k
oo(psi). . (16C 40 4. } hN h-
n. . . ~ . . . [7744 ) !3

g,mst pe;es ,2 s. e . _ ,,_o., ,4 s. e . _ , _ e;e
rs necefwt current rield r? Recefut Entire Ca;e E.Cepe for FELF ggg

4 ApQ

Figure 3-9. Sample material data page for impact and puncture analyses.
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Geometry Menu;

Defining User Material Data

The Young's modulus and Poisson's ratio are used for impact analysis and must be
provided for all components of the SCANS impact model which includes the end caps,
the cask inner and outer shells, and the radiaton shield.

He yield stress is used only for buckling analysis of cask shells that are made of carbon
steels or elt.stic-perfectly-plastic materials. It is required for cask shells made of these
materials.

The plas4 modulus was used in SCANS Version 1 for lead slump analysis and is not
used in tlus version.

The ultimate stress is used for puncture analysis and is required for the end caps, and the
outer cask shell.

He proportional limit, the material stress-strain-relation parameters, ao and m, are used
for buckling analysis of cask shells that are made of austenitic steels or workhardening
materials. The material properties are needed only for the cask shells made of these
materials. These three material parameters are also used in the built-in lead data file for
lead slump analysis. However, these lead properties cannot be modified because
SCANS uses only the built-in lead file for lead slump analysis.

Pages 3 through 4h specify temperature-dependent material properties that are used for
thermal, thermal stress, and pressure stress analyses. Page 3 identifies the number of
temperatures for which the propenies are given in Pages 4a through ah; the maximum number
allowed is eight. Each of Pages 4a through 4h cefines the propeny values at a specified
temperature (Figure 3-10). The data must be arranged in the order of ascending
temperatures and must cover the entire range of temperatures that the material experiences in
the analyses. Among the material data appearing on these pages, the coefficient of thermal -

expansion is used for thermal stress analysis; the Young's modulus and Poisson's ratio are
used for both thermal and pressure stress analyses; and the thermal conductivity and specific
heat are for thermal analysis.

O
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. A
Material Specifications fc- U$304 ID M trl lodagis 3/'2/91 3

Temperatu e 1 Prepeaties Page 4 of 4h Lrst engd 10/03/S9 C

N
S

Tempe eta *e (F) [_ gg j

Ycang s fledalus (psi) [29100000 ) :. r.
Poisson s Ratio . [29 )

Coefficient of tnermal e> pension (in /n F) [0000037 J
' "

Therme1 condJctivits (StJ/In min F) ( o}}2$ j ;-{$
Seccific heet capacits (Sta/lDT F) {12 j,

F1 List Pages F2 Save+ EN? F3 QUli */o ! ave F4 Sa ve + Continue F5 Print Page
F6 Redefault Carrent Field F7 Redefaalt Entt'e Page ES0 ape for HELP

. .

'

& |:|N iib
, - ~ .

( ) Figure 3-10. Sample temperature-dependent material data page for thermal( ,
''

and stress analysis.

..

(\s')
version: 2a 3-19



. . - _ . . _.

Geometry Menu
Defining User Material Data O
NOTES:

I

O

h
3-20 v,n;on. 3

- -- --



Analysis Menu
_

)i

i_ The Analysis Menu (Figure 4-1) provides tasks to perform analyses involving impact
loads, thermal distributions and stresses, and pressure loads. The basic geometry model
definitions must be completed before SCANS can perfonn any analysis.

PRESS 1 to Perform Impact analysis

SCANS detennines forces and stresses resulting from impnt loads. Impact
limiter force-deflection etaves must be defined before SCANS can perfonn an
impact analysis. 'Ihe impact condition is specified by drop height, impact type,
analysis type, shell/ shield interface type, impact end, and impact angle.

PRESS 2 to Perform Thermal analysis

SCANS performs any of seven predefined regulatory thermal analyses, as well
as analyses with user speci .d boundary conditions. These analyses include
various ambient temperatures, solar effects, contents hent loads, and fire loads.

*

(( 3- ~3
s
C

A
N

Sr' SCAN 3 ANALYSIS MENU SCANS

Current C ASK ID 19 9999
PRESS

s

.

1 To Perform IMPACT analysis

2 To Perform THERMAL analysis
y

3 To Perform THERMALLY-INDUCED STRESS analysis 7
N

4 To Perform PRESSURE-INDUCED STRESS analysts .J M

| M | To Return to MAIN MENU E .M

a. G$
;

;m
R. .

e

& b Q

Figure 4-1. SCANS Analysis Menu.
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Analysis Menu

PRESS 3 to Perform Thermally Induced Stress analysis

SCANS determines stresses resulting from previously analyzed thermal
conditions. After selecting the thermal case, specify the stress-free temperature
and, for the transient case, specify the time state.

PRESS 4 to Perform Pressure-Induced Stress analysis

SCANS determines stresses resulting from the pressure difference between
cavity pressure and extemal pressures defined by regulations.

PRESS M to Return to MAIN MENU
I

SCANS returns to the Main Menu display.

I

l

O

O
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Analysis -Menu r

C Perform Impact Analysis(
. SCANS assumes beam-column behavior for impact analyses and determines forces and

. stresses for both primary and secondary impacts. SCANS can perform impact analyses for
oblique angles between 0 degrees (side drop) and 90 degrees (end-on drop) and for drop heights
from 0 to 80 feet.

Both the basic geometry and the impact limiter force-deflection curves must be defined and
complete before SCANS can perform an impact analysis (see Geometry Menu). The basic
geometry must include at least one impact limiter. The Impact Analysis Title Screen indicates any
missing information required before all impact andysis can be performed.

Press Q to QUIT and return to MENU, or press any other key to specify the six impact
analysis parameters: drop height; impact type; analysis type; shell/ shield interface type; primary
impact end; and impact angle (Figure 4 2).

17 gw &
SELECT IMPACT ANALYSIS PARAMETERS s

A-
N

Drop Height (f t) .. -[30] PRESS.

jMN
0tmpact Type . . (initial Plus Secondary impact]
7

00 do '

- Analysis Type , .. [ Dynamic},

gp -

F5 for 30 foot drop gShell/ Shield interface . .. ( Bonded]
(Accident)

Primary impact End . ..[ Bottom) ~ L s'+ to increase drop ht. y
impact Angle (from horizontal) ..I 0]

- to decrease drop ht i 4
:t #
%N

Press any of the following keys [ }
P to Perform Analysis t to move to previous field {p,

0 to Quit 1 to move to next field- Sgg
cdsA *;&p

Figure 4 2. Select Impact Analysis Parameters Screen.
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lAnalysis Menu
Perform Impact Analysis

SCANS displays the default values for each of the six parameters. Press P to proceed and
perform the analysis with the parameters as displayed, press Q to QUIT and retum to the Analysis
Menu or modify any of the parameters before performing the analysis. To modify a parameter, use
the keypad up or down arrow keys to highlight the desired field and then press the function key
that selects the desired value.

Selecting the Drop IIcight

Highlight the Drop Height field and press one of the indicated function keys to change the
drop height.

F1 for a 1 foot drop
F2 for a 2 foot drop
F3 for a 3 foot drop
F4 for a 4 foot drop
F5 for a 30 foot drop (accident)

To select other drop heights not listed above, press the + key to increase and the key to
decrease the drop height from the current selection. The change is in steps of I foot between 0 and
30 feet,5 feet between 30 and 40 feet,10 feet between 40 and 80 feet.

Selecting the Impact Type

Two impact types are available, impact of one end (primary impact), and impact of one end
followed by rotation of the cask and impact of the other end (secondary impact). Impact limiter
geometry and force-deflection curves must be defined for both ends of the cask to perfonn
secondary impact calculations. An impact angle of 0 degrees is always a primary and secondary
impact (both ends impact at the same time). Impact angles greater than or equal to the CG angle
and unbonded shell/ shield interface analyses are always primary impact only.

Highlight the Impact Type field and press one of the indicated function keys to change the
type ofimpact.

F1 forinitial plus secondary impact
F2 forinitia' impact only

Selecting the Analysis Type

Two analysis types can be selected: a dynamic, lumped parameter approach that accounts
for the dynamic response of the cask and rigid body motion associated with oblique impact; and a
quasi-static approach that treats the cask as a slender rigid bar which does not capture dynamic
response. Both types are one-dimensional techniques and assume elastic response.

Highlight the Analysis Type field and press one of the indicated function keys to change the
type of analysis.

F1 for a Dynamic analysis
F2 for a Quasi-static analysis

4-4 version: n
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- Selecting the Shell/ Shield Interface Type

The default shell/ shield interface is bonded. That is, the shield is prevented from slumping.
. An unbonded interface may be selected if the impact angle is greater than 0 and if the cask has a .
three layer laminated shell comprised of STEEL, LEAD, and STEEL An unbonded interface
allows the lead shield to slump and contribute radial forces to the steel shells. NOTE: unbonded

~ _

shell/ shield interface analyses are always primary impact only.

Highlight the Shell/Shieldlnterface Type field and press one of the indicated function keys
to change the type of shell/ shield interface,

F1 for a bonded interface
F2 for an unbonded interface

Selecting the Primary Impact End -

Highlight the Primary Impact End field and press one of the indicated function keys to
change the primary impact end; The primary impact end can only be changed if the alternate end
has an impact limiter and at least one forre-deflection curve defined for that limiter.

FI for primary impact on bottom of cask '

F2 for primary impact on top of cask

Selecting the Impact Angle
\

Highlight the Impact Angle field and press one of the indicated function keys to change the
angle of impact. The angles correspond to the force deflection curves defined for the primary
impact end that is currently specified. : A 0-degree angle is a side drop, and a 90-degree impact

- angle is an end on drop. Side drop analyses are always a primary and secondary impact with a
bonded shell/ shield interface. Impact angles greater than or equal to the CG angle are always
primaryimpact only.

Performing the Analysis

"After all analysis parameters are selected, SCANS indicates whether a solution exists for
' this case, Press P to perform the analysis,1 When the analysis is complete SCANS displays the..

|1 maximum impact force and acceleration for both pnmary impact and secondary impact (if included)
and lists two options:

;
.

Press P to Perform another impact analysis
b (with different parameter selecticta

Press Q - to QUIT and retum to the analysis menu
s

' ;f

p 5
i

| Version: 2a 4-5
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Perform Impact Analysis

During dynamic analyses, SCANS displays the current simulation time, cask orientation,
and analysis status. Press F3 to halt the analysis at any point (results are complete up to the point
the analysis is halted). During primary impact, the analysis status indicates " Calculating
PRIMARY impact". When the primary impact analysis is complete, the status is changed to
" Primary impact complete" When a secondary impact is initiated, the analysis statt.s indicates
" Calculating SECONDARY impact" and displays both the cask orientation at secor.dary
impact and the impact limiter force-deflection data set angle used for the secondary impact end.
SCANS selects the F/D curve that is nearest to the actual secondary impact angle. When the
secondary impact analysis is complete, the status is changed to " Secondary impact complete"

Dynamic impact analyses may indicate one of the error messages listed below:

Time limit reached
The analysis could not be completed. Probable cause is a very soft |
impact limiter that does not absorb all the impact energy.

Secondary impact reached, only primary requested
The secondary end of the cask impacts before the primary impat
analysis is complete. Message appears only if the impact type was
restricted to primary only.

Chord rotation in element "i" is too large
.Indicates a numericalinstability. Probable cause is a geometry or weight

error.

Quasi-Static impact analyses may indicate the error message listed below:

Force becomes negative before impact energy can be dissipated
The limiter Force / deflection curve does not allow the limiter to absorb all
the impact energy. Probable cause is an F/D curve that ends with a
negative slope.

O
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p Generating Finite Element Meshesi

v
'

Thermal, thermal stress, at:d piessure-stress analyses require two-dimensional finite
element meshes. The first time one of these analyses is requested for a cask, SC ANS
automatically generates the F.E. meshes based on the dimensions and mesh gradings in the
geometry dermition (see Geometry hienu). The generated F.E. meshes are used automatically until
any geometry definition is updated. When a pressure stress or themtal analysis is selected after the4

geometry definition is updated, SCANS indicates that the F.E. mesh predates the current version
of the basic geometry. SCANS displays the date and time for both the geometry definition and
F.E. mesh and lists several options:

Press C to Continue (the analysis) with the current F.E. mesh
Press G to Generate a new F.E. mesh based on the current geometry |
Press Q to QUIT and retum to the analysis menu,

SCANS displays the thermal and stress meshes after generation is complete. The theimal
mesh uses 4 node elements and includes all specified cask components. The stress mesh uses.

9-node elements (each 9-node element is equivalent to four 4-node elements) and includes only the
cask shell and end caps. The impact limiters, neutron shield, and water jacket are low strength
components which do not affect stress distributions. After displaying the meshes, SCANS lists
the following choices:

Press P to print the Graphic Display
Press T to print the Themul mesh as a node / clement map
Press S to print the Stress mesh as a node / element mapD Press D to Display meshes again
Press C to Continue with the analysis
Press Q to QUIT and return to the Analysis hienu

(Allows abort if display indicates a potential problem)

The thermal and stress mesh node / element maps are useful for reviewing results from
thermal and stress analyses. These maps can also be generated from the Display hienu.

NOTE: the vMeo display typx: and printer type are selected from the Display hienu.

/O
''% )
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Perform Thermal Analysis

The basic geometry must be defined and complete before SCANS can perfonn a thermal
analysis (see Geometry Menu). The Thermal Analysis Title Screen indicates any missing
information required before an analysis can be perfomied.

Press Q to Quit and retum to the Analysis Menu, or press any other key to :iisplay tile list
of available thermal analysis cases (Figure 4 3). The case list also indicates foi each of the cases
whether a solution exists and whether the case has thennal conditions that are defined by SCANS |

or by the user. SCANS offers seven cases with predefined thermal conditions. These cases, I

w hich are described on the next page, simulate the various noimal and accident conditions required I

for shipping cask analyses. /.11 cases, except the fire accident, include convecion and radiation i
heat transfer to the environment. The fire accident case excludes convection heat transfer during |

the ftre and reinstates it after the fire.

9 3 3
-

-

S
SELECT THERT1AL ANALYSIS CASE C

A
N

Cold Soek Contents heat No sola effects
Cold Soak No contents No solar e'fects ,

Normal Cold Contents heat No solar effects r

Normal Cold No contents No solar effects
Normal Hot Contento heat Solar ef fects
Normal Hot Contents heat No solar effects Solution Exists
Fire Accident Contents heat No solar effect3 Solution Exists

nn ph1 Soak Contents heat' No soly efteds - New-Case UA >

y7,s;

C :

5 . .-i
.

Press any of the following keys ( $
S to select indicated case 7 to move to previous case i. 1

C to Creete new case from indicated :ase 4 to move to next case g
yr
: Q&

Figure 4-3. Select Thermal Analysis Case.

O
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Analysis Menu
(O Perform Thermal Analysis
\ /m

c Cold Soak, Contents IIcat, No Solar Effects
Ambient temperature: -40 F
Contents Heat: As specified in the geometry definition
Solar effects: None
Analysis type: Steady State

Cold Soak, No Contents, No Solar Effects '

Ambient temperature: -40 F
Contents Heat: None
Solar effects: None
Analysis type: Steady State -

Normal Cold, Contents Heat, No Solar Effects
Ambient temperature: -20 F
Contents Heat: As specified in the geometry definition
Solar effects: None '

Analysis type: Steady State

Normal Cold, No Contents, No Solar Effects
Ambient temperature: -20 F
Contents Heat: None
Solar effects: None

[mLj) Analysis type: Steady State

Normal Hot, Contents Heat, Solar Effects
Ambient temperature: 100 F
Contents Heat: As specified in the geometry definition
Solar effects: Included
. Analysis type: Steady State

~

Normal Hot, Contents Heat, No Solar Effects
Ambient temperature: 100 F
Contents Heat: As specified in the geometry dermition
Solareffects: Ncne
Analysis type: Steady State
NOTE: Required as the initial condition for fire accident.

Fire Accident, Contents Heat, No Solar Effects
Ambient temperature during fire: 1475 F
Ambient temperature after fire: 100 F
Contents Heat: As specified in the geometry definition
Solar effects: None
Analysis type: Transient 360 minutes in duration
Duration of fire: 30 minutes
NOTE: Requires case Normal Hot, Contents Heat, No Solar

(3 Effects as the initial condition before the fire

()

version: a 4-9
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Perform Thermal Analysis

-Use the keypad up or down arrow keys to highlight the desired case, if the case can be
used without any modification of the thermal conditions, press S to select and perfonn the
analysis. Otherwise, press C to create a new case from the indicated case and to display the User
Specified Thermal Input page for editing (Figure 4-4). SCANS automatically auigns a case ID
for the new case and displays it as the last two letters of the case title. This case ID remains
unchanged even if the case title is altered. The case ID is used to name all the input and out, nut files
of this analysis case. The Input page contains all thermal conditions, except the contents heat, that
can be modified by the user. The contents hez! is specified on the Basic Geometry Editor Page 3.
The user should refer to Appendix D of this manual and Volume 4 of the SCANS theory manual
for a precise definition of the parameters listed on the Editor page. To modify a parameter, use the
keypad up or down anow keys to highlight the desired field, and then enter the desired value or
use the indicated key to select the desired value. After editing the Thermal Input page, press the
function key, F1, to save and perform the thermal analysis. Othenvise, press the key F2 or F3.

SCANS automatically generates the necessary finite element mesh if one has not been
previously generated (see Generating Finite Element Meshes).

I

f .A |
User Specified ThermalInput s

Case Title . [ Cold Soak Contents Hest No Solsa E f fec ts New Case UA) A

include the Contents Heat (0 Stu/ Min) (Y/N). ..(Y) S

Ambient Tempereture (*F), . [- 4 0. 1

Convection
on Flat Surfaces Coef ficient (Stu/in 2 min 'F) . .[00002199 3

s .

E x pnnent (Blu/in 2 min 'F) . .[3333 Qid!
2on Cylindrice1 Surfaces Coefficient (Stu/in min 'F) . -[000020S3 3 *'

s

Ex ponent , 4 3333 3 % 2

'|. . .
Rsa13 tion Emissi,ity of Cest . 45 3 v"

o

Selar Heat Flux (Stu/in2 min) . --[0. I N
(Negative flux adds heat to cesk. Set to O for no Soler) yy

Press any of the following Legs 3 /
F1 to Save input and continue t to move to previous field N^

"F2 to Save input and QUIT 1 to move to next field
* " ^

M[F3 to OUli without saving modifications
4

Figure 4 4. Steady State Thermal Input Editor Page

|
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Analysis Menu .

Perform Thermal Analysis

All thermal cases, except the fire accident, are steady state analyses. SCANS initiates
steady state analyses after the case selection is made (and after mesh generation, if necessary) and
displays the steady state thennal analysis status screen (Figure 4-5). Since the analysis is
nonlinear, SCANS iterates to converge on the correct solution. The iteration number and
convergence achieved are updated on the display after each iteration. Also displayed is the
maximum number of iterations that SCANS will perfonn. When the solution converges,
SCANS displays the minimum and maximum temperatures and indicates where they occurred.
To abort the steady state analysis (and delete the output) before convergence is achieved, press F9.
SCANS asks for confirmation before aboning the analysis. Press F1 to abort the analysis. Press
F9 to continue the analysis. After the analysis is finished, SCANS lists the following options:

-

Press P to Perfonn another thermal analysis
(redisplays the case list screen)

Press Q to QUIT and retum to the Analysis Menu

\ (( 3 3
s

Performing THERHAL ANALYSIS C

N
Sclving for Steacg State condition S

Convergence of .7834 ef ter iteration 3

Reautred convergence is .0010 >

Maximum numt'er of iteretions is 15

.

4v' -

U' ' .j'
'

| b
x - .. t

_y

Press F9 to ABORT analysis (output deleted) I /

COMPUTING

4 A h

Figure 4 5. Steady State Thermal Analysis Status Screen.

O
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Perform Thermal Analysis

The transient fire accident analysis requires the steady state case Normal 1101, Contents
Ileat, No Solar Effects as the initial condition. Similar to the steady state thermal analysis
cases,if the transient fire accident case can be used without any modification of the predefined
themial conditions, press S to select the analysis. Otherwise, press C to create a new case and to
display the User Specified Thermal input and Fire Conditions pages for modification
(Figures 4 6 and 4 7). Similar to the steady state case, the created transient fire case is
automatically assigned a unique case ID. The contents of the Thermal Input Editor page are
identical for all thennal cases. The Fire Conditions Editor page is available only for the transir at
fire accident case. Press the function key, F4, to switch between these two Editor pages. The
user should refer to Appendix D of this manual and Volume 4 of the SCANS theory manual for a
precise definition of the parameters listed on the Editor pages. To modify a parameter, use the
keypad up or down arrow keys to highlight the desired field, and then enter the desired value or
use the indicated key to select the desired value. After editing, press the key F1 to save and
perfonn the thermal analysis Otherwise, press the key F2 or F4.

1

Q y >
User Specified Thermalinput s

Case Title . [ Cold Soak Contents Heat No Solar Effects New Case UA) A
N

Include the Contents Heat (O. Stun 11n) [Y/N) .[Y) S

Ambient Temperature (*F) .[ 00 )
'

s

Convection 4

on Flat Surfaces Coefficient (Stu/in 2 min 'F) . -[00002F!9 3

Exponent (8 tu/in2 min *F) . .[.3333
'cn Cylindrical Surf aces Cceffi: lent (Stu/in' min 'F) . [ 00002333

E x ponent . .[3333 )

Radiation Emissivity of Cask . . [.8 I y M

[.
2 I N E:.Solar Heat Flux (Btu /in min) . . -[ 0.

(Negathe flux adds heat to cask Set to O for no Solar) :n -E

Press any of the followirg keys
F1 to Save input and continue F4 to specifg Fire cendtions ~" yp.

F2 to Save input and QUIT t to move to previous field #
F3 to GUIT without saying modifications 1 to move to next f! eld

4 js. T%
9

Figure 4 6. Transient Fire Thermal Input Editor Page.

| O
l
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Perform Thermal- Analysis

g y n
..

Fire Conditions 0-

n N
3Fire Temperature (*F).. [1475. ]. .

Redistion Emissivity of Fire . [.9 ). x

i Duration of Fire (minL [30. ) he hg. , .

Duration of cool down period (mint. [330. ] h/d.

include convection during the Fire 7 [Y/N).. [N} $5h1,,

' Flow temperature for convection during the Fire (*FL [10 0 )
(, 4%, kk$
,~;-

|-]Un|

?sh
Press any of the following keys $ i

c n
F1 to Save input end continue F4 to specify thermal input %M
F2 to Save input and OUli t to move to previous field Egg "

F3 to OUli without saving modifications 1 to move to next field iAy A h e,.,d yO Figure 4 7. Transient Fire Conditions Editor Page.

After the analysis'is selected, SCANS displays a list of transient analysis control parameters with
' their default values (Figure 4 8). Press P to proceed and perform the analysis with the-

parameters as' displayed, press Q to QUIT and return to the Analysis Menu, or modify any of the
_ parameters before performing the analysis. To modify a parameter, use the keypad up or down

_

arTow keys to highlight the desired field, and then use the indicated keys to select the desired value.
When the' displayed parameter values are correct, press P to perform the transient analysis.
-SCANS displays a transient analysis status screen that is similar to the steady state status scree _n.
: The transient analysis status screen also includes the current solution time, solution time limit, and
minimum and maximum temperature for the previous solution time. To end the transient nr.alysis -
after the current time step, press F5. To abort the transient analysis (and delete the output), press
F9. SCANS asks for confirmation before ending or aborting the analysis. Press F1 to'end or
abort the analysis. Press F9 to continue the analysis. After the analysis is finished, SCANS lists
the following optionsi

Press ' P to Perform another thermal analysis-
(redisplays the caselist screen)

Press Q to QUIT and return to the Analysis Menu

Version: 2a 4-13
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Analysis Menu
Perform Thermal Analysis

,,
flRE ACCIDENT S

C"

Transient Analysis Control Parameters A
N

SAnalysis duration is 360 minutes

Time between Printed output (min ) . ..[ 30] PRESS

Time between Plotted output (min.) .[ 51
Y

lieration convergence tolerance . .[.001) for YES
"

iteration relaxation parameter . . . [ 1.0)

N

Use variable time step? .[YES] for N O

Maximum allowable time step . .[30} >

'[
Maximum allowable temperature [']

change during any time step . . [100.
Time step modification factor . . [2 ;

.

y

Press any of the following keys i

P to Perform the analysis t to move to previous parameter 1*
O to OUli and return to MENU 1 to move to next field

G k %g

Figure 4 8. Tiansient Analysis Control Parameters.

Specifying the Printed Output Interval

Highlight the Printed Output huerval field. Use the + and - keys to change the time interval
between saving thermal states for printing. Printed output can be very long. A printout interval of
30 minu:es orlonger is recommended.

Specifying the Plotted Output Interval

Highlight the Plotted OutputInterval field. Use the + and - keys to change the time interval
between saving thermal states for plotting.

Specifying the Iteration Convergence Tolerance

Highlight the Iteration Convergence Tolerance field. Use the + and - keys to change the
solution convergence tolerance. Increasing the tolerance reduces the number of iterations (and
computation time) for solution convergence, but may result in a less accurate solution.;

!

i

1

O
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Analysis Menu
Perforan Thertnal Analyds

v
" Specifying 'the Iteration Relaxation Parameter

HJghlight the Iteration Relaration Parameter field. Use the + and keys to change the
. relaxation parameter. The relaxation parametet guides the temperature estimate for the current
iteration by using a fraction of the temperature change during the previous iteration. Decrease the
relaxation parameter to 0.75 or less to dampen highly oscillatory solutions.

-Specifying the_ Time Step Type

Highlight the Pariable Time Step field. Press Y to use a variable time step or N to use a
fixed time step. If a fixed time step is selected, SCANS displays the fixed time step parameter. If
a variable time step is selected, SCANS displays maximum allowable time _ step, maximum
allowable temperature change during any time step, and time step modification factor.

Specifying the Fixed Time Step Parameter

Select N for the Use Variable Time Step pr.rameter and highlight the Fixed Time Step field.
Use the + and - keys to change the fixed time step. Small time steps will converge faster,
requiring fewer iterations. However, the transient analysis duration will be divided into more time

. steps.

Specifying the Maximum- Allowable Time Step for Variable Time StepO Select Y for the Use Variable Time Step parameter and hlghlight the Marimwn Allowable
Time Step field. Use the + and - keys to change the maximum allowable time step. This places a
ceiling on the time step size that SCANS can select during the transient analysis.

-Specifying the Maximum Allowable Temperature Change During Any Time Step

I Select Y for the Use Variable Time Step parameter and blghlight the bIaximum Allowable
Temperature Change During Any Time Step field. Use the + and - keys to change the maximum .
allowable temperature change during any time step. SCANS uses the temperature change to

' determine when it is necessary to change the time step size.

Specifying the Maximum Allowable Temperature Change During Any Time Step
;

Select -Y for the Use Variable Time Step parameter and highlight the Time Step
Modification Factor field. Use the + and - keys to change the modification factor. When the time
step is increased, the new time step is the current time step multiplied by the modification factor.
When the time step is reduced, the new time step is the current time step divided-by the
modification factor.

\
--

v m io r u 4-15

. . - - - - - . - - -



Analysis Menu
Perform Thermally-Induced Stress Analysis

SCANS requires at least one completed themial analysis to perfomi thennally-induced
stress analyses. The number of thermal analysis solutions is indicated on the Thennai Stress
Analysis Title Screen. The module used for stress analyses is based on SAP 80 from Computers &
Structures,Inc. (used by permission).

Press Q to QUIT and return to the Analysis Menu or press any other key to display the list
of available thermal stress cases (Figure 4 9). The case list also indicates whether a solution
exists for each case. Use the keypad up or down arrow keys to highlight the desired case, and then
press S to select the indicated case. SCANS will then display the stress-free temperature as
specified in the geometry definition (Figure 410). Use the keypad + or keys to change this
value (allowable range is -40 F to +400*F). For the fire accident transient analysis, the thermal
stress analysis may be calculated for any themial state (the states correspond to the temperatures
saved at the plotting interval). Use the keypad up or down arrow keys to select a thermal state.
SCANS indicates which state contains the maximum temperatures on any cask component. Pre.s
P to perfonn the analysis with the displayed stress-free temperature (and indicated thermal state, if ,

applicable). j
1

When the thermal stress analysis is complete, press P to perform another thermal stress
analysis or Q to QUIT and return to the Analysis Menu.

9 y e
3

SELECT THERMAL STRESS ANALYSIS CASE C
A
N

S
m IJornut hot C onate heat _ Soku ettwt' Solutiori t usts

Normal hot Contenta heat No solar effects Solution Exists .g g
Fire acciuent Contents heat No solar effects 'm g"

+am
Ghy 'yqy
FQW"

1[Wp|-
yF Q'

k
dik |
]#k ,

Press any of the following keys f {
S to select indicated case i to move to previous case A d#
0 to QUli and return to MENU 1 to move to next case y8

& Jt & 'b
Figure 19. Select Thermal Stress Analysis Case.

; O
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Analysis Menu
{ Perform Thermally Induced Stress Analysis

q $ A
s

SPECIFY THE STRESS FREE TEMPERATURE O
Allowable range is -40'T to 400'f A

S

PRESS [ 5(NStress free tamperature . ..[ 70.'F) #+ to increase -

- to decrease '

.

.

,

, :nn
SELECT THERMAL STATE FROM 1RANSIENT SOLUTION d "

T[Nk#p/[
Maxtmum temperature (1559,1*F) occurs et time 25.0 (default)

Max tmum time is 360.0 a
.

PRESS YhShitThermal state time = [ 25.0) Max temp = [1559.t'F] T for previous state ? Q-

l for next state N.JE
}% W'
V Q:

fik.F$"" P to Perform the Thermal Stress enelysts
PRESS - $igjjf

- O to OUli and return to MENU
j|phgM)a?g3

Figure 4-10. Stress Free Temperature / Thermal State.

.
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Analysis Menu
Perforill Presstire Illdtteet! Stress Anulysis

The external pressure conditions are establishrd by the regulatory guidelines. Ilowever,
the internal pressure conditions are established by the maximum nonnal operatmy pressure (input
during geometry definition) or the internal pressure resulting from a thermal analysis. SCANS
estimates the change in internal pressure using ideal Gas Laws, based on the initial cavity charge
pressure and temperature (input during geometry definition). The Pressure Stress Analysis Title
Screen indicates the number of thennal solutions that exist for the cask. The matule used for
stress analyses is based on S AP80 from Computers & Stmetures, Inc. (used by pennission).

Press Q to QUIT and retum to the Analysis Menu, or press any other key to display the list
of available internal pressure conditions (Figure 411). The internal pressure list consists of the
Muimum Nonnal Operating Pressure and the internal pressures estimated by existing thennal
analyses. Use the keypad up or down anow keys to highlight the desired intemal pressure. Press
S to select the indicated internal pressure and display the list of available external pressure
conditions. These pressure conditions are defined by the regulatory guidelines. Use the keypad
up or down arrow keys to highlight the desired external pressure. Below the selection list,
SCANS displays the selected internal and external pressures and w hether a solution exists for this
pressure condition. Press P to proceed with the analysis using the indicated internal and extemal
pressure conditions; press S to select the indicated external pressure and display the list c f available
intemal pressure conditions; or press Q to QUIT and retum to the Analysis Menu.

~~~p 3 3
" s

SELEC1 INTERNAL PkES5URE CASE c

N
, . S

m ua.enom tJoons o eaung N sute . I no o n.as

aormel riot contents best Solar etfects 18,9 pste $ -

Normel hot Cor tenin hest No soler effects 174 pste

! fire accident Contente r! eat No soler .'fects 20 5 psie . .

,

W 9a., M

Current Pressure case interns 1 100.0 pste E x te rn31 3 5 pste f ;

Solution Exists

Press eng of the following keys
5 to Select A get Externel P O to OUli 1 to rnove to previous L .T
P to Proceed with onelysis and return to MENV 4 to rnove to next

& . J :)

Figure 411. Select Internal Pressure Cas<

O;
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Analysis Menu
^

I' Perforan Presrure Induced Stress Analysis

When the pressure strea analysis is complete, pa: l' to perform another pressure stress
analysis or Q to QUIT ard return to the Analysis Menu.

e

i 3 3
SELECT EXTERNAL PRES . AE CASE C

A
N

.

Sm 14.stot . A s h . .oi . i ', p . ...
Atmospheric Pressure 14 7 pste
increased Pressure 200psie
Accteent immersion Equiv Pressure (21psig) 35 7 psie

Current Pressure rese Intern:1 100.0 pste E x ternal 3 5 psie ;_-~' '
Solutton E xists q j

Press any of tne following ieys
_

'

f d to Select & get internal P O to OUli t to move to previous N( P to Proceed with enelysis and return to MENU 1 to move to next
~-

& J ;j

Figure 412. Select External Pressure Case,
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Analysis Menu
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Display Menu
GV

The Display Menu (Figure 51) provides options for plotting dynamic impact analysis
results, displaying and printing finite element meshes, plotting themial analysis results, and setting
video and printer attributer,

I PRESS 1 to Plot Dynamle impact results

Plot the axial force, shear force, bending moment, position of cask top or
bottom, cask orientation, and animation of the cask drop. For casks with an

, _ unbonded shell/ shield interface, plot lead slump, and shell axial and hoop
stresses.

s

PRESS 2 to Display / Print finite element meshes

Display the thermal and stress finite element meshes (generated during thermal
or pressure stress analyses). Print the meshes as node element maps.

PRESS 3 to Plot Temperature distributions

Plot-temperature distributions as iso-contours,- time histories, and thermal
profiles,

_

m
'

M.kt.

s

N S
C

j- A
N

SSCANS D1 SPLAY (1ENU SCANS g
%U fr
jig [;JCurrent CASK ID is 9999

PRESS OQ
d4MM!1_- To Plot DYNAMIC IMP ACT results sacA9m2 To Display / Print finite element meshes ' A3 f

3 To Plot TEMPERATURE distributions g
g To Set Attributes for Video /Prtnter Plots ved ',

..

M | To Return to MAIN t1ENV g
IN {[
m

hk
6 M$48%

Figure 51.- SCANS Display Menu.

Version: 2a 5-1
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Display Menu

PRESS 4 to Set Attributes for Video / Printer Plots

Select video display (CGA or EGA), printer plot resolution (low or high) and
type of printer (IBM /Epson graphics printer or llP Laserjet).

PRESS M to Return to MAIN MENU

SCANS returns to the Main Menu display.

O

,

I

i

O
|
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Display Menu
[) I' lot Dynamic Impact Results
v

SCANS displays the Plot Dynanne Impact Resalts Title Screen indicating the number of
dynamic impact solutions. Press Q to QUIT and return to the Display Menu, or press any other
key to select the dynamic impact solution to plet.

SCANS lists the available dynamic impact solutions and indicates the shell/ shield
interface, impact type, impact end, drop height, impact angle, date, and time (Figure 5 2). An
unbonded shell/ shield interface allows the lead shield to slump. A primaryhecondary impact type
includes impact of both ends. The impact end indicates the end that impacts first. Impact angles
are aclative to the horizontal (i.e., O degrees is a side drop). Use the keypad up and down arrow
keys to highlight the desired case. liess S to select the indic-ted solution for plotting.

SCANS displays the Select Plots and Display Parameters Screen (Figure 5 3) and lists
the following options:

Press S to Select a different dynamic impact case
Press Q to QUIT and return to the Display Menu
Press t to move to previous choice field
Press 4 to move to next choice field

! or Press any of the keys indicated in the options box

(O\} r, , m
SELECT DYNAMIC IMPACT SOLUTION TO PLOT S

C
A

SHEL L/ SHIELD IMPACT IMPACT DROP IMPACT H
l INTERf ACE TYPE END HEl0HT ANGLE DATE TIME 8'

4 W , n ,o . t ,- 1 omw - - 1 pnom . ;o w in 1; q e ry2

conced Primary / Secondary Bottom 30 45 10-02-88 3.06p

-

,

,,

| ;p

,

Press any of the following keys )
$ to selett Indicated solution i to move to previous solution :1 2
0 to 0Vli and return to MENU 1 to move to r. ext solution

f J: 9
|

p Figure 5 2. Select Dynamic Impact Solution to Plot.

N]
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Display Menu
Plot Dyl'iamic Illipact Restilts

. - - . . . - .
-

PLOT DvN AMIC IMP A01 RES A15 3
CSAR SarD!e spent fuel s%tpoing cast (demonstration oni,1) A

C ASE 30f t Drop, An;1e=90, eettom imoe:t, unconded snell/smeld t-te-fece N
S

Select PL0i to D10F'. Av - pat 33 19p;ot
Select PLOT to PRINT g; 7

$tt Lo*er Ilme Limit g ,, q , j

Cu-rent 0000 seco' ids 'h |r3 W ng m re a
Set Us?te Time Limit F4 P3sition of Cast Top

C erent 0981 seconds
F5 Posttion of Cess Bottom

Retet ilme Limits to f ul Ren;e g,
Lower 0000 seconds r7 4%m g % pm
U??e* 0981 seconds rB Stu n;$ et top of Lead colsm,

Select f osition Along Cask fo"
79 4,g g ,g , j

f orce. ner end Moment riots ,,g ,) g ,, , , n 3,, gg j
ca rent position 0 in:ne s -

,,g g,,,, g g,,, p,g3
085K eettom o hene s g,g g, g

Ces( Top 192 5 hcnes

Precs eng of tne followng (eys

$ to Select e dtf fe e'it solation i to move to p evious cnotte
3 to QVli 07d retgen to M[NU 1 to move to ne A' CnotCe -

Figure 5 3. Select Plots and Display Pararneters Screen.

Selecting the Plot to Display or Print

Highlight the Select Plot to Display field to display plots, liighlight the Select Plot to Print
field to display and print plots. Press one of the following function keys to display the desired
plot.

F1 to plot Axial Force (Figure 5 5)
F2 to plot Shear Force
F3 to plot Bending Moment
F4 to plot Position of Cask Top
F5 to plot Position of Cask Bottom (Figure 5 6)
F6 to plot Cask Orientation
F7 to plot Animation of Cask Drop
F8 to plot Lead Slump in the Lead Shield (unbonded only)
F9 to plot Axial Stress in the Inner Shell (unbonded only)
F10 to plot Axial Stress in the Outer Shell (unbonded only)
ALT Fl to plot Hoop Stress in the Inner Shell (unbonded only)
ALT F2 to plot Hoop Stress in the Outer Shell (unbonded only) (Figure 5 7)

O
5-4 version: s
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Display Menu
-

l

t Plot Dynamic Impact Results
C

Dynamic impact results are plotted as a function of time. The axial force, shear force, and I
bending moment are calculated for the total cross sietion of the cask. Plots of force, bending ;

moment, and stress are at the selected position along the cask. Cask orientation plots are relative to
the horizontal (0 degrees). Anirnation of the cask drop displays the position and orientation of the
cask at discrete steps during the impact analysis.

Selecting the Lower and Upper Time Limits

Adjusting the time limits will zoom in on a portion of the time history. liighlight the Set
Lowcr Time Limit field to change the lower time limit. Highlight the Set Upper Time Limit field to
change the upper time limit. Use the + and - keys to change the selected value (times are in
seconds). The lower time limit must be greater than or equal to 0. and less than the upper time
limit. The upper time limit must be greater than the lower time limit and less than or equal to the
maximum time limit.

Resetting the Time Limits to Full Range

Highlight the Reser Time Limits to Ful/ Range field and press F1 to reset the time limits to
the full range. Used to display full 'ime histories after time limits have been adjusted.

Selecting the Position Along Cask for Plotting

Highlight the Select Position Along Cask field and use the + and keys to change the
position along the cask where ar.ial force, shear force, bending moment and stresses are plotted
(Figure 5 4). Position 0.0 corresponds to the cask bottom.

,

1

0
'
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Display Menu
Plot Dynantir luspact RCSullS

Q*~ 9M---

PL0i CYNAMIO IMP ACT MS%is 3
5AR Semple spent fJel s%1pping Cask (cemonstratton onlJI Og

OASE 30f t Drop, Angle =90. Bottom trnoect. Unconced sneli/$r.ielo hterf ace N
S,- - - .

select PLoi to Di$PL AY
%[7pp
p",pq33

telect PLOT to PRINT Q
Set Lowe* ilme Limit *

to Mae tue'd Oan 100.

Current 0000 seconds Z..,
Set Upper itte Limit

M e to*ad M Bottom '9--
.

;urrent- 0981 secor.Js +
*AReset Time Limits to foil Aange Cast Bottom

Lo*ee 0000 secones
Upper- 0961 seconds i

5 elect Position Along Cast for '1:nimJm allon sole oincnes y
Fo*ce. Sheer and r*oment Pl:ts n

s
Ca*rint DosItton D mcne Maximum allowable ' 92 5 nc he s p.,

,

Casa eettom .0incSes i

Can Top 192 5 inche s ;7 |
4

Press ang of the following keys T-

$ to Select a dif ferent solution i to move to previoJs cSotte
|3

0 to QUlf and return to MENU 4 to move to next chotee k
& .. JL+

Figure 5 4. Selecting Position Along Cask for Plotting.
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Plot Dynamic Impact Ilesults
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Display / Print Finite Element Meshes

SCANS displays the Display /lMnt Finite Element hiesh title screen and indicates the status
of the F.E. meshes. hiesh displays are always based on the basic geometry description for the
TOP end of the cask and use axisymmetry. Thennal meshes use 4 node elements and include all
cask components. Stress meshes use 9-node elements and include only the cask shell and end
caps. Press Q to QUIT and return to :he Display hienu or any other key to display the finite
element meshes (Figure 5-8). Press ENTER after reviewing the meshes and select one of the
following options:

Press P to print the Themul mesh as a node / element map
Press T to print the Thennal mesh as a node / element map

(Figure 5 9).
Press S to print the Stress mesh as a node / element map
Press D to Display the meshes again
Press Q to QUIT and retum to the Display hienu
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Figure 5 8. Display of Thermal and Stress Meshes.
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Display Menu
Display / Print Finite Element Meshes

CASK IDI 9999 NODC/t12 MENT map of THERMAL MESH SCANS Version 2a
Generated on 5/09/91 at 5:5735$
SAR Sattple spent f uel shipping cask (demonstration only)
NOT T0 SCALE

NOTE -- Mesh is exisymetric model for top half of cask

Material nuat>ers (printed in corner cf es.cn elssent)...

le Inner shell 4= End cap inner layer 7= Neutron Shield
2= Shell shield $= End cap shield layer 8= Water Jacket
3= outer Shell 6= End cap outer layer 9= Impact Limiter

e

139,3 a tes." o97...<ivem 599.. 20s.. 301..,802".203" 706 "t0$+4s".209-708"-70e i 19~ #11~ flim 13

In 22P 278 279 238 231 fik 233 234 US #M 237 fle 89 769 #61 86fse se se se se se se et se se se se se se se se
12 7. 0 " < 63.me*oMut 6S " H64 " 4$ P. ";64 ' %69 " o19" .'tia n'f2" t F3 " < P4" ; 75" d P6 " 'i fi * 418 *s 79 * $'14

IO9 210 til It! Ill its til #14 tif (18 lit 220 !?t 277 223 lit !?lne se se se se
'll.s.e

et se se se se et se me se ee se111.8 " i66" .. 47 " o64" n49+i10" S i'il ~ <13" n%6 " til" s%4 . 6S f" . .%6- . < 19 . . , 60. n+1-;6t" i ll

:991 193 196 191 See 197 196 199 P90 201 702 203 M6 POS 706 707 tot <

l..se. 9..se 1".e 3..se4..se,g".yao se s e6 e se e se se
.;$a. . , la ., ., .; , e..s. 7"";'t . .s. . ,9. .se e se I

)..se+4.s 66" . to I
103.3 .. C4. " | t"' y .y

til 1$2 163 ile til 156 flP 164 1$9 160 tot 162 163 ' 064 199 190 199 - j
egy,g .. g3.e.s. 33.s.e.64.a.s'tl". 06" .' I?.en.48 .e.89.s.a.90.e.s.91". 92 .6.193..e.96.se91.se..3. .e.s,u.se

as e6 s e6 a s se
. " .

4 5- ;'i f

13? 118 139 148 Is t tot 143 %64 149 144 147 144 tot 116 14e 187 too
101,3 .. 65..e.69+ ' F9- o 71.se.??-. ' F3.se

s e6 t se se
FS .6P6". TP .e.ft" < 19 .$.80 + + 81.+. 4..se

a se s se a a6 se se se
< . " Fe" . m6 0." .6 t" . 18

64.3ti.d
18 ill 174 127

f f.8
129 118 131 112

13.l
136 in

t l.a. ta.l Is.l
166a. a

llmi le" . 17~ '$4." 19 .6. 60+ 41". 68- 4.3m ed +...ol. ..<ee.a..67 ~ .$"*s 14. ", M .t'19
se * :100.0 .. ..

109 118 til 114 413 tle ill 116 117 118 | 119 120 til 122 140 109 147

44". ' 41.. 47." 43". 46..s.66..s.44.a. .47.a.s.44.a.s.46."'50..s 1).as.St..s.13..s
s ss as a a .s a a e e e se#4.3 .. ..- . . .;em+, le " . ,3F+,20

91 96 f* 90 99 100 101 102 101 -106 10$ 106 10f 100 1T7 1 78 179

97,g .. 26.se.ib e i8". 29- H+ S t" < 3f+ ' 33+ 16- IS".
se se se se - es e6 as as se e6 es a6 e6 se se se

M~ 3 7m ' 18 ~ 'H+ . 7" 3-L3S + #1
.

41 42 13 46 81 56 47 kl 99 to 91 97 93 96 1 76 11 tFe

. et . e6'
. = . . .

as . . .s.e" .eH 4 . .as' .as.19 e'79-.6.29.s.e.22.a.o.H." 24.en. +M. .s. ;4 .. . U
s s e se a op se se96.3 .. ..* 31. . ,33" F22

59 ft $7 18 $9 60 ft so 171 1 71 1 73
t ei a#, . . .e. t.13.e..13m 14 m ' 11. .J.

a si m3 a3 se se se
gl.g a 1 16 " ' 17" . 14" Cit . * . ,'34 " 4 $1mi:23

1
17 . 18 '$3 56 $$ le 77 ft 144 164 179

!. . at. OS.e. .06 a.f.Ofm 08 . . ' 00+ + < 10" < tim 40." o28 + LJ9" 47
t ed np e2 al al se se seyl .3 . <

Il to 49 . 18 - lt il 75 P4 tel 14e 147

0 .e.t's ..e. 19 .a.t00 .l 01.e.t.08.s.J.43 3C06.a.li1.s.4 27" ; h ..F2$
- l a e se sea.ea.g ..

13 le al 46 67 44 75 74
1 - et af ei m3

)..e..i " .i t m a 3m .i 4..al g ..e2 ,"e3"0 7.m 43$$ .5 .. "i .a

11 12 at 43 43 A. 71 77

44.3 " '3. .a.. I it. .d. He- .d. 1,7..d. + 14".19" a g. 4. .Q
t et -d 4
="+4

9 18 37 34 39 49 ' 69 to
3 7,g . 3. .a. .t''F..el1..e.t. '9 n.i e" . 2 1".?m. IJ + +l ,3.*. 3m.no

m m3
-i i

,

F G 13 56 31 34 67 es

- 37.3 -4.+ .1'O..e. . - 1..d.. :)..d.. :4. .d.g . .M g. 4.i
e t d -

t.".: . 5

5 6 19 30 31 - 32 el ee

13.5 .. S m .<,3 e..<4..af5".t.ie..a..t ,7. .a. t +m .l
et t e al a

. ..i < yd"% <4

1- 4 Il le !? 24 43 46 - :

9,3 + 4. .e. 4 7. .e.t4. .n. is.o. .a.l.<4. .ed
t ei e3 m3 6

.y t.nyJ.wi,P p4"..< <

1 2 11 il 76 61 - 62
.. .e. 9..e.. 0..e. l.,.ft.a. .?, . .e2.3. . ele..al ',. .a. l ,

t t

.. . s ~ _..
.

' . . L LS 1. 49 ,L. a. di 1. A6 d. As di d. d. d. d9 1.e

Figure 5 9. Thermal Node / Element Map.
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Display Menu
Plot Temperature Distributions

SCANS displays the Plot Thermal Analysis Results Title Screen I,nd i,utiatt r the number
of thernni solutions. Press Q to QUIT and retum to the Display Mena, c,r i tm u) other key la
select the thermal se.httion to plot-

SCANS lists the available thennal solutions and displays the thennn! ctme deieription,
contents heat, date, and time for each solution (Figure 510). The case desenption indicates the
external temperature condition and the status of contents heat and solar r!fects. The applied
contents heat is in Btu / min. Use the keypad up or down anow keys to h4hlight the desired case
and press S to select the indicated solution for plotting.

After the case is selected, SCANS displays the Select Plots and l>isplay Para neten Screen
(Figure 511) and lists the following options:

Press S to select a different thennal case
Piess Q to QUIT and retum to the Display Menu,

Press i to move to previous choice Geld
Press , to move to next choice neld

or Press any of the keys indicated in the options liox

q 3-

ST H E R f1 A L S0LUTICN$
C^ 9NTHERt1 AL CASE DESCRIPil0N CONTENT $ HE AT DA1E TIME

Nortnal hot Contents hest Solar ef fects 500.00 10-02-60 319n dj'

% nidhv ( ont. -ut fl. - . it .& t.ul+ Nt. i t- Th 00 l o st 4 H$ 1 ' .1 p >t

Fire accident Contents heat No soler effects 500 00 10 13-66 1:50p Nz
m o
- '

., .

.*g
'i iq

Oh

j
.Ih[

'

Press any of the following keys [ ;

5 to Select indicated case i to rnovo to prevtous cose Si d
0 to OUli and return to MENU 4 to mcve to next case ky ,.5

& Ji 17 @

Figure 510. Select Thermal Soltition to Plot.

O
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Display Menu
(3 Plot Temperature 1)istributions
Q.)

,F ,'

PL OT 19E&1 A, AN AL YSl5 RE E11 t
3

i SAR S AMPLE iPENT rg[L Sqtppg,3 ; Ag < 3n10ys t p All0N O'J 1) C
tJA$E N?RMAL HD1 CONI [Ni$ Hi A T tO $1 AR E f t EC15
HEAT 500 STV/ MIN 3
Sele:t P.0T tu DISPL AY p a g $ c, yo p;37 qt:7 73
Select PLOT to PRtNT
Set 11'1E for iso-conto;- n ine molito-contoa t

end P*ef tle Pbts F2 leve*etJ*e elong Protile
Ca* rent $4edy $tste I3 Ilme +ttor g of NSDES

Set 200'1 f a* tiots witn geometry p . S$ TOPLOTDEON1M 0 U
Select Symmet*g displays
Selec t Mate-tals to toc 1sde fo. rd Mete tel D;tline

Ge0Tet*y end lto-cont 0Je plots F5 Finite Element *1esn
Pbt Limitt f6 Mesn witn Matemal namters

. ..SNetf J 150 contos a

Define Line he Profile Plot F7 Meso *lt, Element namoer 5

Soecif y Prafile Plot Limtts F6 Mesn witn Node numte s 3 ..

De fine items f or Time Hist Plot F9 Geometr y shom mg Profile Line
Spec tf J lim! Hitt Plot Limits

5 to Select e dif fe*ent s01Jt10, T to move to previoJs choice
O to OJIT and retJ*n to MENU 4 to move to nem t chatte& J 9.

L.J
Figure 511. Seleet Plots and Display Parameters Screen.

NOTE: Enter values in the same manner as entering values when editing the geometry
or impact limiter curves (see Appendix A).

Selecting the Plot to Display or Print

liighlight the Sclect Plot to Display field to display plots. liighlight the Select Plot to Print
field to display and print plots. Press one of the following function keys to display the desired
plot.

F1 to plot Thermal Iso-contours (Figure 516)
F2 to plot Temperature along a Profile (Figure 517)

(only if Line for Profile Plot is defined)
F3 to plot Time Ilistory of Nodes (or Elements) (Figure 518)

(only if items for Time Ilistory Plots are defined)
F4 to plot hiaterial Outline (Figure 519)
F5 to plot Finite Element (F.E.) hiesh
F6 to plot F.E. hiesh with hiaterial Numbers
F7 to plot F.E. hiesh with Element Numbers

p F8 to plot F.E. hiesh with Node Numbers
( F9 to plot Geometry showing Profile Line (Figure 5 20)
'

(only if Line for Profile Plot is defined)

Version: 2a b*1l
|
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Display Menu
Plot Temperature Distributions

Thennal iso-contours are lines of constant temperature plotted on the geometry material
outline. Plots of temperature along a profile are: (1) the temperature profile along a line cutting
the geometry (the line may be defined by XY coordinates or nodes numbers); or (2) temperature
plotted for specified nodes as a function of distance between the noJes. Time history plots of
nodal temperatures or averaged element temperatures are only available for the transient fire case.
Up to six time histories per plot are allowed. Cask components are represented as different
matenals. hiaterial outline plots are composed of outlines for vach component selected for display.
The finite element mesh can be plotted showing the mesh only, the mesh with material numbers,
the mesh with element numbers, and the mesh with node numbers. Use the ZOOh! option to
isolate portions of the mesh when element or node numbers overlay one another. When a
temperature profile line has been defiaed, the line can be plotted on the cask manrial outline to
verify its location.

Selecting the Time for Iso contour and Profile Plots

liighlight the Timc for ho contour and Profile Plots field and use the + and keys to
change the time state for plotting. If the case is a steady state solution (all cases except transient
fire) the time cannot be changed.

Setting the Zoom for plots with geometry

liighlight the Set Zoom field and press one of the indicated function keys to change the
zoom for geometry displays. Zoom on small portions of the geometry for more detailed views
(Figure 5 21). This is helpful when displaying the finite element mesh with node or element
numbers.

F1 to Automatically center and display the full geometry
F2 to 20051 on specified coordinates
F3 to ZOOh! on a specified node

For zoom on specified coordinates (Figure 512), enter the X and Y coordinates which
define the center of the plot and the width of the geometry to plot around the plot center. For zoom
on a specified node, enter the number of the node which defines the center of the plot instead of X
Y coordinates. After specifying the zoom conditions, press one of the following keys:

Press D when DONE entering values
l Press A to revert to Automatic centering and display full geometry

Press Q to QUIT and return to the Display hienul

!

| 9
5-12 version: 2a

.- . . . . -_. ..



-__ _ _ _ _ _ _ _- - - .. - -- -

.

i

Display Menu
Plot Tennperature Distributions :

-

q - a. - -

zoon on specitiec coorotnotes ( ,

A i

N '

fillIn the HIGHLIDHi[D fields with the appropriate values S

<

X Coordinate of Center - ml30 ) ;-

1<

Y Coordinate of Center . . . [ 110. )
~

' ~

~
'

Width of plotting *trvjow.. 170. ]

% '

X Coordinate Range: .0 to 60.0 N/ , .,
Y Coordinate Range: .0 to 139.6 *

j

~~
Press any of the following keys @E

D when DONE entering values h.,

A- to revert to Automette centering i to move to previous field R,..,
Q to QUli end return to MENU 1 to move to nemt field |dyP

f k M g;y
'Figure 512. ZOOM on Specified Coordinates.

Selecting the Symmetry Displays

Highlight the Select Synunetty Displays field and press one of the indicated function keys.
"SCANS uses an axisymmetric model of the TOP end of the cask to represent the thermal
,

. geometry. Reflect about the Y axis to simulate the geometry full width. Reflect about the X axis to
simulate the geometry full length. Reflect about both the X and Y axes to simulate the full cask
geometry.

' F1 for NO syrnmetry reflections
F2 to reficct about the Y axis (Figure 5 22)
F3 to reflect about the X axis .

F4 to reflect about the X and Y axes |

Selecting the Materials to Include for Geometry and Iso contour Plots

Highlight the Select the Materials to /nclude field and press one of the indicated function
keys. SCANS represents each cask component as a different material. Use this option to isolate
cask components for iso <ontour and outline plots.

- F1 toInclude ALL Materials in the Plots
F2 to Select Materials for Plots

vmion: 2e 5-13
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Plot Tettiperattart- Distrllititioris

. - . _ _ .

s
Seltct f1stertels for Plots C

A
N

S

FRis$ PR[55 fieterial
to 10

in:1ude Omit fiumtie r Nsme Status

f1 Alt-f1 1 Inner Shell Omitted a

f2 Alt-f 2 2 Shell Shield included ;p
F3 Alt-f 3 3 Outer $ bell Omitted
f6 Alt-f 6 0 [nd;ep Outer Layer included

{f9 Alt-f 9 9 Impoet Limiter Omitted .

.
j

Press any of the following leys

D when DONE selecting mete-tals
'

$
A to include ALL meterials i. O

O to OUli and return to (1LNU

b - !'
. _

Figure 513. Select Materials for Plotting.

When selecting materials, SCANS displays a list of all cask components indicating the
material number, component name, and whether the component is included or omitted for iso-
contour and outline plots (Figurc 513). Press the indicated function keys to include specific
components or press ALT and the function key to omit components. To complete material
selections, press one of the following:

Press D when IX)NE selecting materials
Press A toinclude ALLmaterials
Press Q to QUri and return to the Display Menu

Specifying the Iso contour Plot Limits

liighlight the Specify the Iso contour Flor Limits field and press one of the ladicated
function keys to specify the contour range. Use the + and keys to change the number of evenly
spaced contour lines,

F1 to set to Automatic ranging
F2 to specify the contour range
+ to increase the number of contour lines (maximum is 8)

to decrease the number of contour lines (minimum is 2)-

5-14 vusion: 2a
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Plot Tennpertittire Distrilitillons

Automatic ranging tets the contour range based on the minimum and maximum
temperatures of the components included for display. For a specified contour range, enter values
for the FIRST and LAST contour lines. The remaining contour lines are evenly spaced in
between. Enter values in the same manner as entering values when editing the geometry or impact
limiter curves. NOTE: tt e value of the FIRST contour line must be less than the value for the
IAST contour line. After specifying the contour range, ptrss one of the following-

Press D when DONE entering values
Press A to revert to Automatic ranging
Press Q to QUIT and return to the Display Menu

Defining a Line for a Profile Plot

liighlight the Define Linefor Profile I' lot field and ptrss one of the indicated function keys
to define one of the three types of temperature profile lines. Profile lines defined between XY
coordinates or between two nodes produce plots of the temperature profile along the deGned line
where it crosses the geometry. Profile lines defined as a series of nodes produce plots of
temperature for the specified nodes as a function of the distance between the nodes. The
temperature proGles between successive nodes in the series are drawn as a straight lines and do not
reflect the actual temperature profiles between nodes.

F1 to Define a Line Between XY Coordinates
L F2 to Define a Line Between Two Nodes (Figure 514)

F3 to Define a Line as a Series of Nodes

When defining a profile line between XY coordinates, enter X and Y coordinates for both ends
of the line. NOTE: the line must have a finite length (the coordinates of the first point must not
equal the coordinates of the second point). When defining a profile line between two nodes, enter
a node number for each end. NOTEt the first node must not equal the second node. When
defining a profile line as a series of nodes, enter node numbers for each node in the series, if the
series has less than 12 nodes, terminate the list with a node number of zero. After defining the
profile line, press one of the following keys:

Press D when DONE entering values
Press A to ABANDONlinedermition
Press Q to QUIT and return to the Display Menu

O
b

version: 2a 5-15
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@ 3 3
Define Temperature Profile Line As Sarten of Nodes 3

CF111in the H10HL10HTED fields with the epprepriste values A
If the list has less then 12 nodes, terminste with Node number of 0 N

Range of Avstleble Node Numbers 1 to 279

Number of Node 1 ..{0 )
Number of Node 2 . ,10 )
Number of Node 3 . (0 )
Number of Node 4 ..!O 1

Numter of Node 5 10 )
Number of Node 6 10 1
Number of Node 7 .(0 )
Number of Node S . . [0 )
Number of Node 9 -(0 ) J'

Number of Node 10 .l0 ) h
Number of Node 11 .[0 )

Number of twde 12 ..l0 ) r i
Press eng cf the following Leys f

D when DONE defining Itne A: M.;i-//
A to AB ANDON ltne definition i to move to previous field "p'
0 to QUli and return to f1ENU 1 to riove to next field '

6 L J, _

.~

Figure 514. Define Profile Line tietween Two Nodes.

Specifying Profile Plot Limits

liighlight the Specify Profile Plot Limits field and press one of the indicated function keys
to specify the temperature range for the temperature profile plots.

F1 to set to Automatic ranging
F2 to specify the Temperature range

Automatic ranging sets the temperature range based on the minimum and maximum
temperatures along the profile line. For a specified temperature range, enter values for the LOWER
and UPPER temperature limits. NOTE: the value of the LOWER temperature limit must be less
than the value for the UPPER temperature limit. After specifying the profile temperature range,
press one of the following:

Press D when LVein entering values
Press A to reven to Automatic ranging
Press Q to QUIT and retum to the Display Menu

O
5-16 version: 2.
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Display Menu
(m) Plot Ternperature Distributions
v

Defining Items for Time llistory Plots

Highlight the Definc /temsfor Time History Plots field and p ess one of the indicated
function keys to select the nodes or elements for time history plots. Up to six nodes or elements
may be plotted on a single time history plot. Element temperatures are calculated as the average of
the temperatures of the nodes defining the element. Time history plots are only available for
transient fire case solutions.

F1 to Specify NODES for Time Ilistory Plots (Figure 515)
F2 to Specify ELEMENTS for Time Ilistory Plots

Enter up to six node or element numbers, if the list has less than six node or element
numbes, terminate the list with a node or element number of zero. Afler specifying items for time
history plots, press one of the following keys:

Press D when DONE selecting items
Press A to ADANDON selections
Press Q to QUIT and return to the Display Menu

Specifying Time Illstory Plot Limits

[m] Highlight the Specify Time History Plot Limits field and press one of the indicated function
V keys to specify the temperature range for time history plots.

F1 to set to Automatic rangirg
F2 to specify the Temperature range

Automatic ranging sets the temperature range based on the minimum and maximum
temperatures of the nodes or element for the full time history. For a specified temperature range,
enter values for the LOWER and l'PPER temperature limits. NOTE: the value of the LOWER
temperature limit must be less than the value for the UPPER temperature limit. After specifying the
time history temperature range, press one of the following:

Press D when DONE entering values
Press A to revert to Automatic ranging
Press Q to QUrr and return to the Display Menu

i
i

/

k

|

version: 2a 5-17
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Plot Tertiperature Distributions
;- . - .. . -

--

Select N;M$ ior ilme History Plots S
CFill in the H 0HLIGHi[D fit 45 with the eppropriate values A

NOTE. If list har 4t;& thch 0 ilt ms, terminste with 0 N

Ronge of AveileV.0 Node Numbers i to 262

Number of Node 1 .[196 )
,

Number of Node 2 [46 )

Number of Node 3 [0 ) -

,,~

,[;Q;'

Number of Node 4 [0 ) 7(_.
.. . 3; ~'- ; t.

Number of Node 5 .[0 ) a 1-
y

....,i

Number of Node 0 10 ) "d .;
--p

4'. @r'

Press any of the following Leys i ,{Ec ,-

D when DONE selecting items ' ;'

A to ABANDON selections T to move to previous field WW

4@' ' .g
L,

0 to CUli and return to MENU 1 to move to next field

b
Figure 5 15. Select NODES for Time illstory Plots.
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Figure 516. Plot of Thermal Iso contours.
5-18 version: 2a

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . __



_ - - - - - - - - - - ----- - - - - - - - - - - - - - - - - -

Display Menu
.A Plot Temperature Distributions
\
% (r _3 you a ,.. ..* ..o, n. , - n . c .W m w .. r s...

s, , , , c.u ,i.c una. u .o.i 4., u ., i . < n , ,

. w .. ,#: ,m.c o< .,,m . 4.- s..... ' '
A

i iw m i.c e .cm i .~c sa y
n, an - - s

u . r -.- - >

1 s
,.. [ N o.

j N '

'

,.

' ,

glg f . t

1

I N ,\ t

t,6 h \ ri

\
. ,.,,, - x .

.if',. , ,.... - x . .~
s p;_O!;' . -.

a.. - N "
3

, -

.., y =

N ;

i.' . . :<s,,, - x\~q
,,, - . - . J f,.,

f . b'

:: f.. . u n -

.. a. c. w ., u . . - ,, gc
,i m.. ,,t m.ui , n. e au. i .c.< i\ w.m. :. ~a -

& M 3

h(7
Figure 517. Plot of Temperature Along Profile Iletween Nodes 1 and 213.

Profile line is shown in Figure 5 20.
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Display Menu
Set Attributes for Video / Printer Plots

SC ANS displays the Set Attributes for Video / Printer Plots Screen shown in
Figure 5 23. To modify the current attributes, un the keypad up or down arrow keys to
highlight the desired field and then use the indicated keys to select the desired stuibutes as follows,
and press D when done.

Selecting the Display Type

Press F 1 for Color Graphics Adapter (one color, 640 x 200 pixels)
Press F 2 for Enhanced Graphics Adapter (three colors, 640 x 350 pixels)
Press F3 for Video Graphics Array Display (three colors, 640 x 480 pixels)

Selecting the Printer Type

Press F 1 for llewle:t Packard Laserjet printer
Press F 2 for IBM /Epson graphics type dot matrix printer

SCANS can utiliz y dot matrix printer that uses the same graphics commands as the
IBM Proprinter and Epson FX 85.

p y a
8

SET YlDEO / PRINTER PLOT ATTRIBUTES C

S

PRES $
Select Display Type F1 for C0 A display (640x200) i ..

Current: VG A displeV F2 for E0A display (640x350) d
',Select Printer Type F3 for YGA display (6e0x460) > '

Current: HP LeserJet - 1

Select Printer Plot Resolution
MCurrent: Low &

NIso
p>

C,
Press any of the following keys g " '1

3
- ,.,e

'

D when DONE t to move to previous chotce 4 to move to next choice

f J&*Q
Figure 5 23. Set Video / Printer Plot Attributes.

O
5-22 version: 2a
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Display Menu
Set Attributes for Video / Printer Plots |

SCANS uses the three llewle:t Packard LasetJet printer models in a limited fashion.
Ihle/ element mesh maps are printed using the itandard Courier font (10 characters per inch) and
the Lui: Printer font (16.66 charactets per inch). LOW resolution plots are drawn using 150 dpi
(dots per in@ s;raphics mode; 111011 resolution plots are drawn using M0 dpi graphics mode.
Each Laserjet mod:1 h k.ated lelow with its panicular limitations and possible remedies.

Laserjet

(1) The Line printer font is not an internal font. Provide a font cartridg
which contains the Line Printer font for mesh maps.

(2) The maximum graphics mode resolution is 75 dpi. Iloth LOW and
111G11 resolution printer plots are printed piecemeal on several pages. If
the Laserjet upgrade is installed, printer plots are printed on one page.

Laserjet +

(1) The maximum graphics mode resolution is 150 dpi. LOW resolution
printer plots are printed on one page and 111G11 resolution plots are
printed piecemeal on several pages. If the Laserjet + upgrade is installed,
111011 resolution plots are printed on one page.

Laserjet Series 11

\
N (1) The maximum graphics mode resolution is 150 dpi. LOW resolution

printer plots are printed on one page and 111G11 resolution plots are
printed piecemeal on several pages. If a 1 Mbyte memory board is
installed,ll!Gli resolution plots are printed on one page.

Selecting the Printer Plot Resolution

Press F 1 for LOW resolution printer plots
Press F2 for 111G11 resolution printer plots

Printer plots are for graphics displays and require a printer that supports graphics, liigh
resolution plots take up to 10 times longer to print than low resolution plots.

Illnt:
Use low resolution plots until report-quality plots are required. Switch to high resolution

for report-quality plots, then return to low resolution.

C
's

version: 2. 5-23
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Display Menu-

NOTES:

< 1

|

1

|
,

O

|

O
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Print / Review Menu !

O
The IMut/ Review Menu (Figure s. ') provides options for printing and reviewing the

Cask Summary / Data Check and outputs Lom impact. Thennat, Thennal Stress, and Pressuit
Stress analyses. Output for Thermal Thennal Stress, and Pressure Stress can also be printed as
dn abbreviated output $Ummary. The review function displays the output on the screen. The
outputs are discussed in Appendix C.

PRESS 1 to Print / Review Impact Output

Print or Review Dynamic or Quasi-Static impact analysis output.

PRESS 2 to Print / Review Thermal Output

Print or Review Thermal output. Abb rviated prints skip the sumtnary of input. -

printing the temperature output with flux balances,
,

PRESS 3 to Print / Review Thermal Stress Output

Print or Review. Thermal stress output. Abbreviated prints skip nodal
displacements and element stresses, printing the sununary of maximum stresses
and stresses corresponding to impact nodal kcations.

4ff 9 __

C
A
"

SCANS PRIN T /RE YIEW ME NU SCANS 3

Current C ASK ID is 9999 $N
PRESS N%

1;%

1 To Print /Rev|ew IMPACT outputs '@
2 To Print / Review THERM AL outputs |

3 To Print / Review THERM AL STRESS outputs 'R
m

.(;Efh)N
~

4 To Print / Review FRESSURE STRESS outputs

N5 To Priot/ Review Cesk summary end data che;k

b
M To return to MAIN MENU-- jf

NIy
3 v

& h s;'qhh

1

Figure 61. SCANS Print / Review Menu. !

version: 2a 6-1 i
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Print / Review Menu

9
PRESS 4 to Print / Review Pressure Stress output

Print or Review Pressure stress output. The abbreviated print skip the nodal
displacements and element stresses and includes a table of maximum stresses
and the stresses corresponding to Impact nodal locations.

PRESS 5 to Print / Review Cask Summary and Data Ched.

Print or Review the geometry summary / data check for basic geometry and
impact limiter force / deflection curve data.

PRE $3 M to Return to Menu

SCANS returns to the Main Menu display.

O

O
16-2 vusion. 2.
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Print / Review Menu
Selecting the Output to l'rint/Iteview

Press the appropriate Menu key to select the output type. SCANS displays the
Print / Review Title Screen indicating the number of outputs available for printing or review Press
Q to QUIT and return to the Print / Review Menu, or press reny other key to select a particular
output case to print or review. SCANS lists the available outputs and displays a description, date,
and time for each output (Figure 6 2).

For impact, the case descriptions indicate the analysis type, shell/ shield interface, impact
type, impact end, drop height, and impact angle. An unbonded shell/ shield interface allows the
lead shield to slump. A primary / secondary impact type includes impact of both ends. The impact
end indicates the end that impacts Grst. Impact angles are relative to the horizontal (i.e., O degrees -

is a side drop).

For 'Ihermal and Thermal stress, the case descriptions indicate the external temperature
L condition, the status of the applied contents heat, and the status of solar effects. The applied

contents heat is in Bru/ min.

For Pressure stress, the case descriptions indicate the internal and external pressures. The
internal pressure is the maximum nomial operating temperature (input during geometry definition)
or the intemal pressure resulting from a thermal analysis. The external pressure is established by
regulatory guidelines.

For Summary / Data Checks, the description indicates the basic geometry specincations or *

impact limiter force / deflection etuves.

k 'h Use the keypad up or down arrow keys to highlight the desired case. Press S to select the
{ indicated solution to print or review.
& w
'

After the output is selected, SCANS displays an Output Summary Screen indicating the
.

,

number of pages in the output, if abbreviated output is available, and the output header
(Figure 6 3). The output header indic es the type of analysis, date and time the output was
generated, and a brief description of the parameters defining the output. SCANS then lists the
following options:

Press P to Print the OUTPUT
Press R to Review the OUTPUTon the screen
Press S to Select a different OUTPUT to Print / Review
Press Q to QUIT and return to the Pdnt/ Review Menu

,

O
Version: 2a b-3
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Print / Review Menu
Selecting the Output to Print / Review

Af( 3
3IMPACT SOLUTIONS C

A
N

ANALYSl5 SHELL/5HIELD IMPACT IMPACT DROP IMPACT S

TYPE INTERFACE TYPE END HEIGHT ANGLE DATE TIME

Dynamic Unbonded Primary Bottom 30 90 10-12-88 2 30p

Dynamic Bonded Primary / Secondary Bottom 30 45 10-02-E8 3 06p

,

Press any of the following Legs F 'l
S to Select indicated solution i to move to previous solution [ j;

O to OUli and return to MENU 1 to move to next solution

f? Q

Figure 6 2. Select Solution to Print / Review.

Q yi L%~

-

s
C

AOUTPUT has 7 pages N
S

- -

OUTPUT HEADER
'MDYNAMIC IMPACT OUT PUT FOR CASK 9999

OENERATED ON 10/112/88 AT 14,22:45 SCANS VERSION la
SAR: Sample spent fuel shipping cask (demonstration only) ~ M
3011 accident drop on cask bottom - primary impact onig

*i *rAngle of primsry impact is 90 degrees - shield /shellinterace is unbonded
'

>

- P to Print the OUTPUT #^N
l!. 3

R to Review the OUT PUT on the screen ['$
PRESS- -%

$ to Select a different OUTPUT to Print / Review S

.

'

- O to OUlT and return to MENU

6 4 49

Figure 6-3. Output Summary Screen.
6-4 version: 2a
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Print / Review Menu
(] Printing the Outptit
\_)

After pressing P on the Output Summaty Screen, SCANS displays a reminder to make
sure the printer is ON-LINE and set to the TOP-OF PAGE. Press one of the following keys:

Press P to Pdnt the complete output
Press A to print the Abbreviated output (if available)
Press Q to QUIT and return to the Print / Review Menu

As the output is printed, SCANS indicates the current page being printed. Press any key
to suspend printing. When printing is halted, SCANS lists the following options:

Press C toContinue -

Press Q to QUIT and return to the Print /Rev:ew Menu

After printing is finished, SCANS lists the following options:

Press P to Print / Review another case
(redisplays the case list screen for current output type)

Press Q to QUIT and retum to the Pdnt/ Review Menu

/" 'N
N

.

>

d[\
Version: 2a b-$
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Print / Review Menu
Reviewing the Output

After pressing R on the Output Surmnary Screen, SCANS displays the first 20 lines of
the full output on the screen (Figure 6-4) SCANS can review up to 4000 lines of output (the
entire output can be printed). The review control options are:

Press S to print the 20 lines displayed on the screen
Press ESC to exit (end myiew)
Press P to print the. output (see Printing the Output)
Press 7 to scroll screen down, displaying previous line at top
Press 4 to scroll screen up, displaying next line at bottom
Press llome to display first 20 lines of output
Press End to display last 20 lines of output
Press PgUp to display previous 20 lines of output
Press PgDn to display next 20 lines of output

The symbol <FF> represents form feeds used to prginate the output. Press ESC to
terminate reviewing the output. SCANS lists the following options:

Press P to Print / Review another case
(redisplays the case list screen for current output type)

Press Q to QUIT and return to the Print /Resiew Menu

([ yM'

Press any of the following tegs s
S to print Screen ESC to exit P to Print output C

A
T for previous line Home for first screen PgUp for previous screen N

S1 for next line End for last screen PgDn for nex1 screen

.I M .P .A C .T . S. U. M. M .A .R .Y
, in

xns. .

s na!gs

- - - - - - .P.A.C T (Cask Bottom)
, Sb dPRIM ARY IM
,,g_;;

.-

$:g{9ff
527.5 in/secimpac t yelocity =

490.0 cegrees;. Impact Angle- =

CG Over Corner Angle 72.5 degrees [6
Maximum Limiter Crusn 30.3 inches=

[Nh$1QMaximum Rigid Body Accelerations
34 8 g's 7 %Yertical Acceleration =

.0 g's j dyHorizontal Acceleratton =

.0 rad /sec"*2 g" " -Rotational Acceleration =

Q
Maximum impact Forces M f

-6370.7 kips NdAxial f orce In Cesk =

Positicn in output: 13 % @ 0)9
h MIlf%

__

Figure 6-4. Reviewing the Output

| 6-6 vusion: 2a



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

!

. -

Archive Menu
-

JU The Archive Menu (Figure 71) provides options for archiving cask data sets to diskettes.
_

.

-

'

retrieving amhived cask data sets, and deleting cask data sets from the hard disk.
_

PRESS 1 to -Archive CASK data set on diskettes

Creates a compressed data set archive containing the basic geometry, impact
limiter force-deflection curve data, finite element meshes and all analysis output
for the selected cask. Then writes the data set archive to diskettes.

PRESS 2 to Retrieve CASK data set from diskettes '

t

Retrieves a compressed data set archive from diskettes and uncompress,
restonng the data set to the hard disk.

PRESS 3 to Delete CASK data set from hard disk
'

Deletes either a complete data set or analysis output for the selected cask.

PRESS M to Return to MAIN MENU

SCANS returns to the Main Menu display,

r(
.

96 A .

. S
C

A
N

S .'SCANS ARCHIYE t1ENU SCANS -qg - -- - - -

| s
Current CASK ID is 9999 '

PRESS
g;

:
'

. L mi"

1- To Archive CASK data set on diskettes f- }'

2 To Retrieve CASK data set from diskettes [.

3 To De ete C ASK data set from hard disk

\
'

M | To Return'to MAIN MENU

!

!

I ,

y y

Q #A
Figure 7-1. SCANS Archive Menu,

f

b
,

Version: 2a 7-1-
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Archive Menu
Archiving Data Sets

SCANS archives data sets by creating a compressed data set archive and then writing the
archive to a diskette. If the archive is larger than a single diskette, SCANS automatically uses the
DOS utility BACKUP to save the archive on more than one diskette. The module used to create
the compressed archive is adapted from ARC version 5.1 from System Enhancement Associates
(used by permission). All existing data sets can be archived from the Archive Menu. The number
of existing data sets is indicated on the Archive Data Sets Title Screen. Press Q to QUIT and
retum to the Archive Menu, or press any other key to select the data set to archive

If more than one data set exists, SCANS displays a list of CASKIDs and indicates several
options:

Press S to Select the highlighted CASKID and display summary
Press Q to QUIT and return to the Archive Menu
Press t to highlight the previous CASKID
Press 1 to highlight the next CASKID

If only one data set exists, SCANS selects that data set. The data set summary screen is
shown in Figure 7 2. Summary screen options are:

Press A ta Archive the summarized data set
Press S to select a different CASKID (return to the CASKID

list screen-- only if more than one data set exists)

Press Q to QUIT and retum to the Awhive Menu

(r y :4
Summery of asta set for CASK 9999 S

C
ASAR: Sample spent fuel shipping cask (demonstration onig)

S
Basic Geometry . * * EXIST S * *
Impo t Limiter Force / Deflection Data . * * EXIST S * *

- .

Thermal / Stress finite Element Moshes . ** ExlSTS * * ', ''

$;
Thermal Analysis Solutions . 1 Case (s) Exist .M
Thermal-Stress Analysis Solutions . 1 Case (s) Exist Rf;
Pressure-Stress Analysis Solutions . 1 Case (s) Exist 3 j;i[.

yn
impact Solutions (Dynamic) . 1 Case (s) Exist ,. $

fimpact Solutions (Cussi-Static) . t Case (s) Exist
.gu

- A to ARCHIVE this date set 47
y

PRESS S to select a different C ASK data set L. J
}||5L

- O to OUli and return to MENU .YG
L @6

Figure 7-2. Summary of data set for Archive.

7-2 version: 3
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Archive Menu
m Archiving Data SetsV

SCANS starts the archive process by creating a compressed data set archive. This process
can take up to 30 minutes if the data set is large and the PC is slow (ATs are much faster). The
resulting compressed archive requires only 15 to 30 percent of the space the complete data
requires. After the compressed archive is created, SCANS asks for a formatted diskette in drive
A: or B: Because of potential drive / diskette incompatibility, do not use a 360Kb diskette in a
1.2Mb drive. To proceed:

Press A toSelect DRIVE A:
Press 11 to Se!ect DRIVE B:
Press Q to QUIT and return to the Archive Menu

SCANS checks the selected drive and compares the space requirements for the archive
with the available space on the diskette. The error conditions that can occur are listed in
Table 7-1. Archiving will not proceed until all error conditions are satisfied.

If the compressed archive will fit on a single diskette, SCANS will use COPY to wire the
archive to the diskette. If the archive will not fit on a single diskette, SCANS will use BACKUP
to write the archive to multiple diskettes (SCANS indicates how many formatted diskettes of
similar density are required). If the archive exists on the diskette, SCANS displays the date and
time of the hard disk version and diskette version of the archive. Press the appropriate key to
continue with archiving:

h Press ENTER to write the Archive to disketted (using COPY if the archive will fit on one diskette)
(using BACKUP if the archive will not fit on one diskette)

NOTE: If archive exists on diskette,it is pre-deleted
Press S to Select different Diskette or Drive
Press Q to QUIT and retum to the Archive Menu

BACKUP will request necessary number of diskettes to complete the BACKUP process.
Be sure to label the diskettes with the order in which they were processed. RESTORE will request
BACKUP disketter in the order they were written.

When SCANS finishes writing the archive to diskettes, the following options are
presen:ed:

Press C to Continue (to select other data sets to archive)
Press D to DELETE cask data set (from the hard disk)

(SCANS asks for confirmation before deleting)

SCANS asks for confirmation before deleting any data set. Press F1 to delete the data '

set, or press F9 to continue without deleting. After archiving the data set is complete, SCANS
| displays the number of data sets remaining on the hard disk that may potentially be archived. If no

i

data sets remain on disk, press ENTER to return to the Archive Menu. If one or more data sets |
remain on disk, press A to archive additional data sets, or press Q to QUIT and return to the
Archive Menu.

|J
| version: 2a 7-3
|

|

|



Archive Menn
Archiving Data Sets

Table 71. Pessible Error Messages during Archiving

There is NO diskette in drive X:
Possible causes: wrong drive selected, or drive door is not closed.
Make sure a diskette is in drive A: or B: and that the drive door is
closed.

Diskette is UNFORMATTED or a 1.2Mb diskette is in a 360K
drive
Possible causes: diskette is unformatted, diskette is damaged and
unreadable, or 1.2Mb diskette is in a 360K drive. Make sure the diskette
is fomaatted and of the correct density.

General ERROR on drive X:
Possible causes: diskette is reversed, diskette is damaged and
unreadable, or drive is malfunctioning. Try a different drive and/or
diskette.

1

Not enough space on the diskette i

The compressed archive will fit on the diskette if other data is not on the
diskette. Either remove data from the diskette or provide a diskette that
has more space.

Diskette is a BACKUP diskette, ARCHIVE will fit on one diskette
SCANS will use COPY to write the archive on a single diskette.
Existing data on the diskette was written by BACKUP. Use a non-
BACKUP diskette.

Diskette is a BACKUP diskette NOT for this ARCIIIVE
SCANS will use BACKUP to write the archive on multiple diskettes.
Existing data on the diskette was written by BACKUP for data other
than this archive. 'Use a different diskette.

O
7-4 version:. 2a
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Archive Menu l

Retrieving Data Sets

SCANS retrieves compressed data sets from diskettes and then unpacks the archive,
- restoring the data set to the hard disk. The module used to unpack the compressed archive is

- adapted f>om ARC version 5.1 from System Enhancement Associates (used by permission).
SCANS lists two options on the Retrieve Data Sets title screen:

Press - Q to QUIT and trtum to the Amhive Menu
Press any other key to start retrieval of data set-

Place the diskette containing the compressed data set archive (or the first BACKUP diskette
- for the archive)in chher drive A: or H: and press one of the following keys:

Press A to find data sets on diskette in Drive A:
Press H to find data sets on diskette in Drive B:
Press Q to QUrr and retum to the Archive Menu

SCANS checks the selected drin and searches for archived data sets. The error
conditions that can occur are listed in Table 7 2. Retrieval will not proceed until all error
conditions are satisfied.'

If the diskette contains only one archived data set, SCANS selects that data set for
retrieval. If the diskette contains more than one archived data set, SCANS displays a list of.

CASKIDs for the archived data sets and lists several options:

7 Press S to Select the highlighted CASKID for retrieval
-

. Press Q. to QUrr and retum to the Archive Menu
Press t to highlight the previous CASKID
Press 4 to highligh: the next CASKID

' SCANS displays the date and time of the selected archive on the diskette and warns if this
' data set will replace an existing data set on the hard disk. SCANS lists the following options:

Press ENTER toretrieve the Archive
(using COPY if the archive was saved with COPT)
(using RESTORE if the archive was saved with BACKUP)

4 Press S toSelectdifferentDisketteorIkive
Pr:ss Q to QUIT and retum to the Archive Menu

SCANS asks for confirmation before deleting the existing data set. Press F1 to delete the
data set frem the hard disk, or press F9 to QUIT and return to the Archive Menu.- After deleting
the data set (if necessary), SCANS starts retrieving the arch;ved data set. If the archive was saved
-using BACKUP, SCANS uses RESTORE for retrieval.- RESTORE will request the archive
BACKUP diskettes in the atder they were written. After the archive is retrieved from the diskette, .

,

SCANS unpacks the data from the archive. Be patient, this process may take a little while. When
I

unpacking is complete, press R to retrieve additional data sets or press Q to QUIT and return'toe '

- the Archive Menu.

7
'

i_

Version: 2a 7-5
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Archive Menu
Retrieving Data Sets

Table 7-2. Possible Error Messages during Retrieving

There is NO diskette in drive X:
Possible causs 2: selected the wrong drive; drive door is not closed.
Make sure r m ' ette is in drive A: or B: and that the drive door is-

closed.

Diskette is UNFORMATTED or a 1.2Mb diskette is in a 360K
drive
Possible causes: diskette is unformatted; diskette is damaged and
unreadable; 1.2Mb diskette is in a 360K drive. Make sure the diskette is
formatted and of the correct density.

General ERROR on drive X:
Possible causes: diskette is reversed; diskette is damaged and
unreadable; drive is malfunctioning. Try a different drive and/or
diskette.

NO Archives on diskette
Diskette does not contain any compressed data set archives. Archive
names have the form xxxxDATA. ARC, where xxxx is the four digit
CASKID. Try a different diskette.

O
7-6 version: 2a



Archive Menu

]V Deleting Data Sets

Data sets consist of basic geometry descriptions, impact limiter force-deDection curves, and
analysis outputs. SCANS has two options for deleting data sets: (1) delete the complete data set,
or (2) delete just the analysis outputs. All existing data sets can be deleted from this menu.
SCANS indicates the number of existing data sets and lists two choices:

Press Q to QUIT and retum to the Archive Menu
Pn ss any other key to select the data set to delete

If only one data set exists, SCANS selects that data set and displays a sununary of the data
set. If more than one data set exists, SCANS displays a list of CASKIDs and indicates several
options:

Press S to Select the highlighted CASKID and display data set summary
Press Q to QUIT and return to the Archive Menu
Press t to highlight the previous CASKID
Press 4 to highlight the next CASKID

After the data set is selected, SCANS displays a summary of the data set. The data set
summary screen options are:

Press C to delete COMPLETE data set
Press O to delete OUTPUT for the data setp\
Press S to select a different data set|b (available only if more than one data set is on disk)
Press Q to QUIT and retum to the Archive Menu

SCANS asks for confirmation before deleting the data set or output as shown in
Figure 7-3. Press F1 to delete the data set or output. Press F9 to QUIT and return to the
Archive Menu without deleting. If no data sets remain on disk, press ENTER to return to the
Archive Menu. When SCANS has completed deleting the data set or output, if one or more data
sets remain on disk, SCANS lists the following options:

Press D to Delete additionaldata sets
(redisplays the data set list screen)

Press Q to QUIT and retum to the Archive Menu

Caution ! ! !
Once a data set or its output is deleted, it is not recoverable unless it was archived on

diskettes. Be careful when deleting data sets or data set outputs.

Hint:
Consider deleting data set outputs before archiving. SCANS can reproduce analysis i

outputs based en the basic geometry descriptions and impact limiter force / deflection curves.
Archiving just the basic geometry and limiter curves is much faster than archiving a data set with |
numerous outputs.

1

version: 2a 7-7
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Archive Menu
Deleting Data Sets

-

rc y
Summary of data set for C ASK 9999 s

C
SAR: Jample spent fuel shipping cask (demonstration only) A

N
SBasic Geometry . * * E x l 51 S * *

Impact Limiter Force /Deflec tion Dato . * * F. X I S T S * *
__

.e

Thermal / Stress Finite Element Meshes . * * EXIST S * *

Thermal Analysis Solutions , 1 Case (s) Exist
Thermal-Stress Analysis Solutions . ! Cese(s) Exist
Pressure-Stross Analysis Solutions . i Cese(s) Exis t +

,

impact Solutions (Dynamic) . 1 Cese(s) Exist C., lh
Impact Solutions (Quasi-S tatic) . i Case (s) Exist 1

30-

Please verify your decision to DELETE this data sr .F- "y-

n
Press F1 to DELETE the data set j, . .g.y

or Press F9 to 0VIT end return to the MENU M

4
_

gyubtg .

Figure 7-3. Confirm decision to DELETE screen.

NOTES:

:

O
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Appendix A
em. The Editor
! \

SCANS uses a general purpose fill-in-the-blank type editor to enter data for the basic
geometry definition and impact limiter force-deflection curve definitions. The editor title screen
indicates the status of the data set, if the data set does not exist, SCANS lists the following
options:

Press Q to QUIT and return to the Menu
Press any other key to proceed with editing (creates a new data set)

If the data set already exists SCANS lists the following options:

Press Q io QUIT and retum to the Menu
Press D to delete current data set and create a new data set

_

Press any other key to proceed with editing (edit the current data set)

Delete the data set to start with a fresh data set with all data set to default values. SCANS
asks for confirmation before deleting the existing data set:

Y

Press F 1 to delete the data set and create a new data set
(edit the new data set)

Press Q to QUIT and return to the Menu
Press F2 to proceed with editing (edit the current data set)

/N SCANS reads a template which describes the editor pages and how data values are sased() in the data set. If creating a new data set, SCANS displays a status screen which indicates each
editor page as it is created. As pages are created, all values are set to appropriate defaults.
SCANS then displays the first editor page.

i

Description of Editor Pages

Each data set is divided into pages of irlated items. For example, all the items necessary to
define the cask shell air on the same editor page. All pages have the same format (Figure A-1).
The top line indicates the name of the data set [ A), the CASK ID [B), and the current date [C}.
The second line indicates the name of the editor page [D], the current page number of how many
[E], and the date any item on the page was last changed [Fj. The third line is a double green bar
the full width of the screen. This line also indicates how many pages remain which must be
accessed [G) and Insert Mode (if applicable) [11). Below the second double green bar is a list of
available function keys and their application [f].

Between the double green bars are the item requests [J]. Each item request has a
descriptive label indicating what to enter (units are included if appropriate) [K1, and an item field
delimited by square brackets [L). Item descriptions displayed in light bh4e req tire an entry, while
item descriptions displayed in green have default values which can be accepted as is. The count of

N

pages remaining which must be accessed indicates pages which have items requiring an entry.
Once entries are made on a page for ALL items requiring an entry, the page need not be accessed.

?%
t-(d

Version: 2a A-1
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Figure A 1. SCANS Editor Page Layout.

.

Getting Help

Press the ESC key to display the HELP screens. The first rcreen indicates the current item
type and restrictions placed on the item and describes the use of the function keys. The second
HEIP screen indicates the data entry and editing keys. The third HELP screen indicates the keys
used to move between item fields and editor pages.

Saving the Edits

Save the changes made during the editing session using tlie following keys. The value in
the current item field must be a valid item before SCANS will save the edits.

F2 (function key)
Save the data set as is, end the editing session and return to the current
menu.

F4 (function key)
Save the data set as is and redisplay the current page to continue editing.
Use this feature to save the edits periodically during a protracted editing
session. SCANS will lose all edits not saved if a power failure
interrupt.s the operation of the PC.

A-2 version: 2.
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The Editor

\

Ending the Edit Session

End the edititig session by pressing one of the following function keys:

F2 (function key)
Save the data set as is, end the editing session, and rerum to the current '

menu.
'F3 (function key)

Abandon all edits during this session (or since the previous save), end
the editing session and return to the current menu. SCANS asks for

.

i confirmation before proceeding: press F1 to QUIT, abandoning the l

| edits: or press F9 to return to editing.
!.
i-

[ -Moving Around

b The blinking solid cursor identifies the current item field expecting an enuy. The entry in
!- the item field is checked for validity when the carsor is moved from this field to another. The enuy
i must be valid before SCANS will allow the cursor to leave the current item field. Use 'he
[- following keys to accept the current entry and move to another item field:

UP Arrow -(on the keypad);

: Move to the previous item field on the current page. If the current item
P field is the FIRST on the page, move to the LAST item field.
j' -DOWN Arrow (on the keypad) oftNTER

Move to the next item field on the current page. If the current item field
' -

is the LAST on the page, move to the FIRST item field.
i- PgUp '(on the keypad)
j Move to the FIRSTitem field on the previous page. If the current page
p is the FIRST editor page, move to the FIRST item field on the current
t

. . _PgDn - (on the keypad) '
.

_ .

.

page.
1 -

: Move to the FIRST item field on the next page. If the current page is the
F . LAST editor page, move to the FIRST item field on the current page.

_

! F1 (function key)
'

- Display list of all pages in the data set. Use the keypad UP Arrow and
DOWN Arrow keys to highlight the desired page, and then I ress F1:

i
~

to move to the FIRST item field on the indicated page. The page list
; indicates which pages have items requiring an entry.
;
:

| . _

Version: 2a A-3
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O
Entering a Value

Enter values by typing in the item field (typing in the first character position clears the
field). Enter character string type items using letters, numeric digits and special character ($,W,#.
etc.). Enter integer number type items using the form nnn. The sign is optional; n is any nunierie
digit (0-9). Enter real number type items using either the form nn.mmm or nn.mmmEjj
(scientific notation). The sign, decimal point and exponent are optional; n, m, and j are any
numeric digit (0-9). Use the following keys to assist editing values in the item field.

LEFT Arrow (on the keypad)
Accept the character under the cursor and move the cursor to the left one
character (can move as far left as the first character position).

RIGIIT Arrow (on the keypad)
Accept the character under the cursor and move the cursor to the right
one character (can move as far right as the last character position).

DEL (on the keypad)
Delete the character under the cursor and shift the remaining characters to
the left.

BACKSPACE (above ENTER)
Delete the character to the left of the cursor and shift the remaining
characters to the left.

INS (on the keypad)
Toggle insen mode on and off. When insen mode is on, INSERT
appears in the upper right corner of the screen on the double green bar.
All new characters are inserted at the cursor, shifting the remaining
characters to the right. When insert modes is off, new characters are

,

inserted at the cursor, arid they write over previous characters.
F6 (function key)

Set the current item to the SCANS default (NOT the previous saved
value).

F7 (function key)
Set all items on the current page to the SCANS defaults (NOT the
previous saved values).

Making Selections From a List

Certain items are restricted to values presented in a list (Figure A-2). Um the following
keys to change the selection indicated in the item field:

N or n Move blinking highlight cursor to the NEXT list item.
P or p Move blinking highlight cursor to the PREVIOUS list item.
S or s Select the item indicated by the blinking highlight cursor.

O
A-4 version: 2a
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Figure A 2. Select item from a list.

Copying Data From Another Editor Page

If the item requests displayed on the current editor page are the same as those on another
-

editor page, press F10 to copy data from another page. SCANS displays a list of all pages that
are appropriate for copying and indicates the current page. Use the UpArrow and DnArrow
keys to indicate the page to copy from, and then press C to perform the copy. Press R to retum
without performing a copy.

i

Printing an Editor Page

Press the F5 function key to print a copy of the current page. Make sun: the printer is on-
line and ready before printing the page.

IIandling Errors

If an entry is invalid for the specified item, SCANS displays an error message at the
bottom of the screen and indicates any restrictions on the item. Press ENTER to clear the error
message and retum to editing.

Version: 2a A-5
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Appendix B
lMaterial Properties '

'
The material sets used in SCANS contain all the infonnation required to perfomi Impact, i

Thermal, Thennal-Stress, and Pressure-Stress analyses. These materials are built into SCANS
!

and cannot be modified. The next version of SCANS will provide the ability to extend the
material sets,

impact analyses use dynamic Youttg's Modulus, Poisson's Ratio, and material density
(used for component weight calculations). Puncture evaluations also use the dynamic ultimate
stress. Buckling and lead slump analyses use the dynamic proportional stress limit, the dynamic
plastic stress-strain parameters a and m. %ermal analyses use temperature dependent propertieso

for thernal conductivity and specific heat capacity. Thermal stress analyses use temperature
dependent properties for Young's Modulus, Poisson's Ratio and coefficient of thennal expansion.
Pressure stress analyses use the thennal stress properties at 70 degrees F.

Material References

Structural and Water Jacket Materials
Carbon Steel 1, 2
Stainless Steel 3(M 1, 2, 8, 11
Stainless Steel 310 5,6,7,8
Stainless Steel 316 5, 6, 7, 8, 11d Stainless Steel 347 5,6,7,8,11
Copper (Water Jacket Only) 5,6,7,8

Shielding Materials
Imd 1, 2, 10, 12

Impact Limiter Materials
Polyfoam 9
Polyurethane 2
Balsa Cross-Grained 2
Redwood Cross-Grained 4

Neutron Shield Materials
| Air Convection 3

Water Convection 3

|

| p)L:
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Material Properties

Structural and Water Jacket Materials -

Carbon Steel Set name: CARBNSTL

Dynamic Young's Modulus: 2.800E+07 psi
Dynamic Poisson's ratio: 0.2900
Dynamic Yield Stress: 3.600E+04
Dynamic Ultimate Stress: 7.000E+04
Density: 0.2820 lb/cu. inch

Coefficient
%ermal Specific Young's Poisson's of hennal

Temp Conductivity Hea: Capacity Moddus Ratio Expansion

(*F) (BTUrm. min'F) (BTU /1 ten'F) (psi) (in/m.'F)

-100. .035000 .1130 2.900E+07 .2900 6.600E.06
68. .034700 .1130 2.790E+07 .2900 6.639E-06

200. .034700 .1130 2.770E +07 .2900 6.670E 06
300. .03400' .1130 2.740E +07 .2900 6.870E-06

400. .033300 .1130 2.700E +07 .2900 7.070E 06

500. .032600 .1130 2.640E+07 .2900 7.250E-06
600. .031500 .1130 2,570E+07 .2900 7.420E.06
700. .029600 .1130 2.480E+07 .2900 7.590E-06

Stainless Steel 304 Set name: SS304

Dynamic Young's Modulus: 2.830E+07 psi
Dynamic Poisson's ratio: 0.2900
Dynamic Yield Stress: 3.000E+04 psi
Dynamic Ultimate Stress: 7.500E41 psi
Dynamic Proportional Stress 1imit: 2.300E+04 psi

Dynamic Plastic Stress Strain Parameter, o.: 9.245E+04 psi

Dynamic Plastic Stress-Strain parameter, m: 0.19955
Density: 0.2841 lb/cu. inch

Coefficient.

Thermal Specific Young's Poisson's of Thermal

Temp Conductivity Heat Capacity Modulus Ratio Expansion

('F) (BTU /in. min *F) (BTU /lbm'F) (psi) (in./m.'F)
-

-5 8. .011250 .1200 2.910E+07 .2900 8.700E-06.

68. .011400 .1230 2.840E+07 .2900 8.700E-06

212.' .0120S3 .1238 2.760E+07 .2900 8.700E-06
392, .012083 .1275 2.660E+07 .2900 8.700E-06

( 572. .013056 .1312 2.560E+07 .2900 8.700E-06

752. .013889 .1350 2.390E+07 .2900 8.700E.06

1112. .015278 .1425 2.250E+07 .2900 8.700E.06

1472. .018056 .1500 2.250E+07 .2900 8.700E-06

| B-2 version: 2a
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\v/

Structural and Water Jacket Materials (continued;

Stainless Steel 310 Set name: SS310

Dynamic Young's Modulus: 2,820E+07 psi
Dynamie Poinon's ratio: 0.2900
Dynamic Yield Stress: 3.000E+04 psi
Dynamic Ultimate Stress: 7.500E+04 psi
Dynamic Proportional Stress Limit: 2,300E+N psi
Dyr.amic Plastic Stress Strain Parameter, o.: 9.245E+04 psi
Dynamic Plastic Stress. Strain parameter, m: 0.19955
Density: 0.2870 lb/cu. inch

coarrx-<
Thermal Specific Young's Poisson's ofThermal

Temp Conductivity lleat Capacity Modulus Rado Expansion
('F) (BTU /m. min *F) (BTU /lbm*F) (psi) (in./in.'F)

___

-5 0. .010400 .0880 2.820E+07 .2900 7.576E.06
68. .010600 .0880 2.820E+07 .2900 8.056E.06

300. .012200 .0880 2.820E+07 .2909 9.001 E.06
600. .014800 .1055 2.820E+07 .2900 9.159E-06
900. .017700 .1200 2.820E+07 .2900 9.175 E.06

( } 1200. .021100 .1300 2.820E+07 .2900 9.230E.06
sg 1600 .025400 .1310 2.820E+07 .2900 9.53 tE 06

2000. .025400 .1310 2.820E+07 .2900 9.889E 06

StalnicSS Steel 316 Set name: SS316

Dynamic Young's Modulus: 2.810E+07 psi
Dynamic Poisson's resio: 0.2900
Dynamic Yield Stress: 3.000E+M psi
Dynamic Ultimate Stress: 7.500E+04 psi
Dynamic Proportional Saess Limit: 2.300E+04 psi
Dynamic Plastic Stress. Strain Parameter, o.: 9.245E+04 psi
Dynamic Plastic Stress. Strain parameter, m: 0.19955
Density: 0.2870 lb/cu. inch

Coefficient
Thermal Specific Young's Poisson's of nermal

Temp Conductivity Heat Capacity Matulus Ratio Expansion
('F) (BTU /in. min'F) (BTU /lbm'F) (psi) (in/m.*F)

50. .010100 .0980 2.810E+07 .2900 7.997E.06
68. .010900 .1080 2.810E+07 .2900 8.321 E.06

300. .012600 .1170 2.810E +07 .2900 8.958 E-06
600. .015200 .1310 2.810E+07 .2900 9.605E.06
900. .616700 .1360 2.810E+07 .2900 9.921E 06py 1200. .019200 ,1400 2.810E+07 .2900 1.028E.05

(k ') 1600. .021600 .1550 2.810E+07 .2900 1.051 E.05
2000. .021600 .1620 2.810E+07 .2900 1.173 E.05

Version: 2a B-3
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Material Properties

Structural and Water Jacket Materials (confinued)

Stainless Steel 347 Set name: SS347

Dynamic Young's Modulus: 2.820E+07 psi
Dpamic Poisson's ratio: 0.2900
Dynamic Yield Stress: 3.000E+04 psi
Dynamic Ultimate Stress: 7.500EW psi
Dynamic Proportional Stress Limit: 2.300E+04 psi
Dynamic Plastic Stress Strain Parameter, o.: 9.245EW psi
Dynamic Plastic Stress. Strain parametcr, m: 0.19955
Density: 0.2860 lb/cu. inch

Coefficient

Thermal Specific Young's Poisson's of Dermal
Temp Conductivity Heat Capacity Modulus Ratio Expansion

('F) (BTU /tn. min'F) (BRJ/lbm'F) (psi) (in/m?F)

-5 0. .011400 .0980 2.820E+07 .2900 8.502 E-06

68. .011900 .1080 2.820E+07 .2900 8.786E-06

300. .012700 .1200 2.820r+07 .2900 9.345 E-06

600. .015100 .1310 2.820E+07 .2900 9.831E 06

900. .016700 .1370 2.820E+07 .2900 1.019E-05

1200. .018800 .1440 2.820E+07 .2900 1.044 E-05

1600. .020500 .1590 2.820E+07 .2900 1.086E-05

2000. .020500 .1640 2.820E+07 .2900 1.229E-05

Copper Set name: COPPER (Water Jacket Only)

Density: 0.3240 lb/cu. inch

Thermal Specific

Temp Conductivity Heat Capacity

(*F) (BTU /m. min'D (BTU /lbm'F)

-100. .331900 .0851

68. .320800 .0917

260. .313900 .0951

440. .311100 .0974

620. .306900 .0998

800. .302800 .1020

1160. .291700 .1067

1340. .286100 .1091

!

B-4 versson: 2a
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_ r'] Material Properties
CJ Shielding Materials

Cast Lead Set name: LEAD

Dynamic Young's Modulus: 2.420E+06 psi
Dpamic Poisson's ratio: 0.4300
Dynamic Yield Stress: 6.230E+02 psi
Dynamic Proportional Stress Limit 2.500E+02 psi
Dynamic Plastic Stress-Strain Parameter, og 8.500E+03 psi
Dynamic Plastic Stress. Strain Parameter, m: 0.5030
Density: 0.4110 lb/cu. inch

Coefficient
Thermal Specific Young's Poisson's of Thennal

Temp Conductivity Heat Capacity Modulus Ratio Expansion
(Y) (IITU/nmin'F) 01TU/lbm*F) (psi) (in./in.*F)

-5 8. />28888 .0300 2.000E +06 .4200 1.600E.05
68. .028000 .0307 2.000E +06 .4200 1.600E.05

212. .026800 .0315 2.000E4 06 .4200 1.600E-05
392. .025273 .0326 2.000E+06 .4200 1.600E-05
572. .023889 .0337 2.000E +06 4200 1.600E.05p

i \ 630. .016806 .0340 2.000E406 .4200 1.600E.05
C 717. .013472 .0339 2.000E + 06 .4200 1.600E.05

1276. .012028 0337 2.000E +06 .4200 1.600E-05

Impact Limiter Materials

Polyfoam Set name: POLYFOAM

Density: 0.0116 lb/cu. inch

Thermal Specific

Temp Conductivity IIcat Capacity |

('F) (BTU /in. min *F) (BTU /lbm*F) ,

1

58. .000278 .3000
68. .000278 .3000

1300. .000278 .3000

1

( /
w/
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Material Properties OImpact Limiter Materials (continued;

Polyurethane Set name: PURETHAN

Density: 0.0021 lb/cu. inch

netmal specific

Temp Conductivity liest Capacity

(*F) (BTU /m. min *F) (BTU /1 tan'F)

.58. .000034 .4200

68. .000034 .4200

1300. .000034 4200

llalsa Cross Grained Set name: BALSAXGR

Density: 0.0162 lb/cu. inch

Thennal Specifu:

Temp Conductivity }{ cat Capacity

(*F) (BTUfaunin*F) (BTU /lbm'F)

58. .000067 .5500

68. ,000067 .5500

1300. .000067 .5500

Redwood Cross-Grained Set name: REDWDXGR

Density: 0.0150 lb/cu. inch

Thennal Specific

Temp Conductivity lleat Capacity

| (*F) (BTU /in. min *F) (BTU /lbm'F)

-

58. .000088 .6900

68. .000088 .6900

| 1300. .000088 .6900 0
B-6 version: 2a
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e i

'v' Neutron Shield Materials
'

Air Convection Set name: A/RCONV

Demity: 0.0000 lb/cu. inch

Thermal S;ccifw
Temp Conductivity lles: Capacity

('F) (BTUrm. min'F) (BTU /Itin'F)

_

438. .000139 .2400
68. .000139 .2401

263. .000139 .2421
533. .000139 .2482
803. .000139 .2568
983. .000139 .2621

1353. .000139 .2704
1523. .000139 .2770

,y-
I

x /
'''

Water Convection Set name: #20CONV

Density: 0.0347 lb/cu. inch

4

Thermal Specific

Temp Conductivity lleat Capacity

('F) (BTurm. min *F) (BTU /1 tan'F)

_.

-5 8. .000182 .4100
68. .001200 .9990

150. .020500 1.0000
200. .024100 1.0050
300. .028900 1.0300
400. .032400 1.0760
500. .035500 1.1820
600. .038500 1.3700

i

\v),
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~] Sainple Cask and Description of Output(V

Description of Sample Cask

This sample spent fuel shipping cask is included in the SCANS re':ase. The CASKID is
9999. The cask geometry includes a long cylindrical cask body, top and bottom end caps, and top
and bottom impact limiters. The cask body has an inner shell layer of Stainless Steel 304, a Lead
shielding layer, and an outer shell layer of Stainless Steel 304. Both end caps are solid Stainless
Steel 304. The impact limiters overhang the cask body and are constructed of Polyfoam. This
sample cask does not include a neutron shield and waterjacket. Cask dimensions are shown in
Figure C 1. Component weights, closure bolt information, and impact limiter force-deflection
data are listed below:

Weights (in pounds)

Gross package: 180000
Contents /intemals: 56065
Top impact limiter: 10000
Bottom impact lirniter: 10000

Closure Bolts (for Top End Cap)

\ Number of bolts: 32
Boh diameter: 1.5 inches
Bolt circle radius: 29.5 inches

Impact Litriter Force Deflection Dat .

NOTE: The following data is for Top and Bottom limiters for all
impact angles.

Deflection Force
(inches) (kips)

0.5 250.
13.0 1700.
26.5 4000.
30.0 6000. !

33.5 10000. i
l

|
1

| G1

Versiore 2a b-1



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

Appendix C
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Figure C 1. Sample cask geometry and dimensions.
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Sample Cask and Descriptlun of Output i

Geometry Data Summary Output. ;

nis output is produced during the data check perfonned when the basic geometry is saved !

(Geometry Menu). It is a complete summary of all specifications for the ca.k. Warning and error
messages appear when specified weights differ from calculated weights and when geometry

'

dimensions are inconsistent. His output does not have any warning messages. The output fonnat
foliows.

(1) llender
Indicates Geometry Data Summary, page number of how many, date and time the output
was generated, and SCANS veision number. The header shown in Figure C.2 is :
printed at the top of every page of output.

d' Data Set Status- '

Indicates whether the Basic Geometry data set is COAfPLETE (Figure C.2).
The data set has items requiring an entlyif the status indicates INCOAffLLTE. '

,

(3)- General Information
Lists general SAR information, general cask and contents specifications, and ;

cuk component weights (Figure C 2). The general SAR information includes
the SAR title, report information, additional infonnation, licensee's address, and
names of teview team members.

(4) Component Specifications
Summary of geometry specifications for each cask component (Figure C.3).

(5) Closure Bolts
Lists the number of bolts, bolt diameter, and bolt circle radius (Figure C.4).

'(6) Finite Element Mesh Grading -

*

Lists the number of mesh divisions through each cask component
.

(Figure C.4). The output also indicates the status and size of the meshes. '

The Finite Element meshes are ut.ed for 2 D Thennal and Stn.ss analyses.

(7) Material Properties
Tables listing properties for each material (Figure C.4). The output also
indicates the components using the material.

(8) Impact Model Description
Lists the geometry of the simplified Impact mcW' (Figure C.5). ;

-(9) Puncture Evaluation 1
Tabulates results of puncture evaluation of cask exterior surfaces
(Figure C4).

i

Version: .N C-3
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1 I

oI lo
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i l

oI 10
,

l I
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| ;.....................

cl lo
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01 lo
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1 I

o| !o
i I
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l I
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| |.....................................
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Figure C.2. Cask Geometry Summary Output - General Informatiori.

O
| C-4 Version: 2a
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Figure C 3. Cask Geometry Sumnnry Output Componen. Specifications,

Version: 2a C-5
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sampie cask and neseription or oniput g
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Figure C 4. Cask Geometry Summary Output . Bolts, F.E. Mesh, and Materials.
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Figure C.S. Cask Geometry Summary Output - Impact Model Description
and Puncture Evaluation,

i

Version: h C-7
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Limiter Curve Summary Output

This output is produced during the data check performed when the impact limiter
force / deflection data set is saved (Geometry Menu). It is a complete summary of all specifications
for the cask.11rror messages appear when impact limiter force-deflection curve dennitions are
incorrectly specified. The output fonnat follows.

(1) licader
Indicates Limiter Curve Summary, page number of how rnany, date and time the
output was generated, and SCANS version number. The header shown in
Figure C.6 is prirned at the top of every page of output.

(2) Data Set Status
Indicates whether the Limiter F/D data set is COMPLETE (Figure C 6). The
data set has items requiring an entry if the status indicates /NCOMPLETE.

(3) Impact Limiter Force / Deflection Curves
Lists the impact limiter force deflection curve specifications (Figure C.6).
The limiter ctuves are specified individually for each end of the cask and for
various impact orientations.

| LIMITCA eLAv[ $UMMARY f eA C A$6 9999 t e;e 1 of 2

ol etN(R AfrD QN 4/24/9| AT 8 22 00 $C AN& VtF 5lCN le lo
i l

ol 10

l I

of 10

i L6 niter f/D cats set is COMPLITE I

oi lo
l l

ol 10

l I

oI iMr ACT t tMIT[k FCkC[/t trLtc1:CN CUA VL5 10

l I

cl 10

| I

el Sottom Limiter lo
i I

ol $lde impact ( 0 cegrees) lo
| I

ol (>eflec tion force Elope lo
I inches F ips 6.tp:/ inch I

|ooj .......... ....... .........

| O O I

el .500 250 00 500 00 lo
| 13 000 1700 00 11000 I

o1 26 500 4000 00 170 37 to
30 000 0000 00 57143 |

o 33 500 IC000 00 1142 20 10

l

ol lo
I i

Figure c.6. umiter curve Summary output.

C8 vemon: n
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(w

Impact Analysis Output

This sample impact analysis is based on a 30-foot hypothetical accident drop on the cask
bottom at an initial impact angle of 45 degrees. Primary and secondary impacts are included in the
analysis, and the shield /shell interface is bonded (the lead shield is not allowed to slump). The
discussion of the output fonnat includes a detailed description of output for a Dynamic Analysis.
Quasi-static output is in the same fonnat. Differences in output for an unbonded lead shield
analysis are also noted.

(1) llender
Indicates the type of analysis, page number of how many, date and time the
output was generated SCANS version number, and a brief description of the
parameters defining the analysis case. The header shown in Figure C 7 is
printed at the top of evety page of output.

(2) Impact Summary
Lists the impact velocity, impact angle, CO (center of gravity) over corner
angle, limiter crush, rigid tody accelerations, maximum cask axial and shear
forces, and maximum impact moment about the cask center line for both primary
and secondary impacts (Figure C 7). For an unbonded lead shield analysis,
SCANS lists the pennanent lead slump. For secondary impacts, SCANS lists

o the secondary impact angle and the impact limiter data used (the force-deflection
'

curve for the angle closest to the actual secondary impact angle).

(3) Maximum Force and Moment itesults
Tables for maximum axial force, maximum shear force, and maximum bending
moment are printed for each node location along the cask body and at the cask
ends (Figure C 8). These forces and moments are beam type values for the
composite cross-section of the cask.

(4) Impact Stress Intensity liesults
Tables for maximum stress intensity are printed for each shell layer at each node
location along the cask body. Stress intensity is the absolute value of the
maximum difference between the principal stresses. Principal stresses are
calculated from axial, bending, shear, hoop, and radial stresses. For bonded
shell/ shield interface analyses the hoop stress is assumed to be zero. Axial and
shear forces and bending moments are applied to the composite cross section of
the cask in order to calculate axial bending, and shear stresses for each shell
layer based on its individual stifft.:ss. SCANS prints the stress intensity for
the three maximum stress conditions listed below (Figure C 9),
A. Maximum Tension. Ilased on the maximum sum of the axial stress and

bending stress at the extreme fiber. Shear stress is rero for this
condition. This stress is the first principal stress. The second principal
stress is the hoop stress.

O
vnssn. a C-9
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O
i

11. hiaximum Compression. Ilased on the maximum difference of the axial
stress and bending stress. Shear stress is rero for this condition. This
stress is the first principal stress. De second principal stress is the hoop
stress.

C. hiaximum Shear. llased on the axial stress, maximum shear stress,
hoop stress and radial stress, occuning at the neutral axis. The principal
stresses are calculated using hiohr's circle.

(5) Interface Force and h10 ment Results (unbonded Icad shield analysis only)
Tables for edge moments and shear forces are printed for the inner and outer
shell at the bottom end cap and top closure interfaces (Figure C.10). A
positive moment results in compression in the outennost fiber of the shell, and a
positive shear force is directed radially inward.

(6) lluckling Analysis i esults
his section of output summarizes the results of a buckling analysis of the inner
and outer cask shells (Figure C.11). The radius, thickness, length, Young's
hiodulus, and yield stress of the shells and the factor of safety used for the
analysis are tabulated. The most criticalimpact stresses and their buckling stress
ratios are printed. Based on these stress ratios, conclusions on the possibility of
buckling of the cask shells are printed as 'likely' or 'unlikely'. If one of the
shells is likely to buckle, additional information will be printed to provide insight
into the nature and cause of the buckling. The criticalimpact stresses in the axial
and hoop directions are compared to the corresponding theoret'. cal clastic
buckling stress and to the actual buckling stress. The capacity factor (alpha) and
the plasticity reduction factor (eta) used to obtain the actual buckling from the
theoretical buckling stress are also printed.

(7) End Cap Stresses
Lists the bending and shear stresses in the end caps (Figure C 12), The end
caps are treated as circular plates with fixed boundary conditions for the bottom
end cap and pinned boundary conditions for the top end cap. The inertial forces
are evenly distributed across the end caps, and the impact limiters contribute no
bcnding resistance. The shear stress is calculated as a maximum at the indicated
radius.

(8) Top Closure llo!t Stresses
Indicates bolt axial and shear stresses (Figure C.13).11011 axial stresses are
calculated only when the bolts are in tension.

O
C 10 wtsion: 3
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Figure C.7. Dynamic Impact Output .. IIcader and Impact Surnmary,

v
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| | (L o:s tion) (Inc hes ) (tips) (ktos) (in eits) I

et to....................................................................

i Cosa Bottom 23(29 2f 32 3 576f15 |

ol 1 .0 -1916 4 14517 -E3474 3 lo
| 2 481 -1056 9 9612 11641 4 |

01 3 96 3 -1670 t 193 3 291791 lo
i 4 144 4 7218 -256 3 19022 3 |

oi 5 192 5 503.1 -3492 (,794 7 to
| Cesk10p .0 0 0 i

ol lo
'

I 1

cl StCOND AkY lMPACT (on cest. tco) lo
j i................

of to
| Noce Number Aale) Fosition Men Axtel Force Men Steer Force Men Moment |

ol (L oce t6on) (in:he s ) (tips) (ktps) (in-S t.ns) 10

| |.....................................................................

of Cask Bottom .0 0 C io
1 I .0 !?$ 0 040 0 62C6 0 t

el 2 de1 411 e (27 4 383366 lo
I 3 96 3 -505 6 27tl 71178 2 1

ol 4 14 4.4 -500.1 -7028 09852 9 lo
| 5 1925 !(6 5 .t409 6 5259 3 I

o| CeskTcp -5036 -3208 2 7937.1 lo
I I

at +

i

| Figure C.8. Dynamic Impact Output .. Maximum Forces and Moments,
l
!

,

1

|

|

|
|

O
C-12 versi- 2.
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Appendix C
('] Sample Cask and Description of Output
\v/

I
Icl lo

| $TRISS INT (N81TY |o| ..................... jo
i l

of h0T[ Si is besta on rnenimum comtilted esiel e, bencing stress lo
| or meximum shest strist |

oI lo
I h0TI Noce I is et Oevitg 80TTOM brne 5 ts et Oevity TCP |

ol lo
I I

of PRIMARY IMPACT (on cast bottom) lo
| .............

g

of $TRC55 |Nf f h$ liv e A$tD Ok lo| ho;'e Number Anist Position Men (P/A* M /l) Men (P/A-M /t) ties ?heer J
ol (L oc a tion) (In:he s ) (pst) (psi) (ps0 lo
| ......................................................................... g

ol inner $ hell to
i 1 0 2797 82!6 9090 1

o1 2 481 4 15. 3053 6184 lo
| 3 96 3 1450. 3958. 1908 |

o| 4 144 4 1118 2520 1604 lo
i 5 192 5 450. 1200 2095 |

ol ?hleid lo
| 1 0 282, 746 777 I

of 2 481 36. 2(8 529 lo
i 3 96 3 14 3 3t8 16 3 i

o| 4 144 4 10 8. 229 137. lo
I 5 192 5 40 107 179 I

o| Outer ?helt to
(N I 1 0 3922 9359 9090 |
| 't o| 2 481 434 3233. 0194 10

/ | 3 90 3 1946 4468 1908 1
\
D o| 4 144 4 1452 2877 1604 lo

| 5 192 5 495 1315 2095 I
of 10

| I
of to

| !(CONDARY IMPACT (on test top) |
o| ................ lo

i fitISS INTINSITY f A5CD ON , I
of Nose Number Astel Posillon Max (P/ A* Mc/l) Me n ( P/ A.M;/j ) Men Shear lo

| (L o;a tion) - (Irehes) (pst) (psi) (psi) 1
og .......................................................................... lo

1 inner Shell I
of I 0 671. 869 3839 lo

| 2 481 3!77. 3810- 3772 I
oi 3 96 3 6058 6814. 1044 lo

i 4 144 4 5608 6691. 4556 1
01 5 192.5 701 10c 3 6425 lo
| $hteld i

pl 1 .0 61- 78 328 10
| 2 48.1 315. 352 323- I

ol 3 96 3 566 631 141 10
1 4 144 4 526 620 390 I

ol 5 192.5 62 55 720 lo
| Cuter Shell I

o| 1 0 779 973 3839 to
| 2 48,1 4069. 4502 3772 |

of 3 96 3 7333- e093 i644 io
i 4 144 4 6844 7946 455b i

ol 5 192 5 768 115 0 8425 lo
I I

ol to
p

Figure C 9. Dynamic impact Output .. Stress Intensity,

version: a C-13
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Appendix C
Sample Cask ant! Description of Output

l
i

toof
I

M AxlMUM CA$k $HLLL / t h li ;Ap 1

tool
I thTEkrAct FORCCS A h ti NOMthi$ i

io
01

|
|

01 A polttivt fnornent retu|lt in Comprtetton in the cultrmott f tter of thth |o

I A potillvt theer forte 13 Citt0tta f 8514119 ine Brd j

10ol
I

)
-7 4 73 in-6 tkS/in lool ($;t fnonth! of inner shell et bottom en$ Ctp *

24 f;99 in-t ipt /In.
I [0;9 thoment of outer Shtli 8| bottom th$ C00 i*

loof
? 765 l es s /in i

I te;e thest of inner theil at touom end cep *

7 539 6 tps/In looI (0;e sheer of outer ShtU st bottom end Cap a

l
I tool

. t02 in-n tp:/in I
1 [0;t moment cf inner shell et top C1csvre =

* 1109 in-6 60s/in looI L ;e moment of outCI tht11 et top Closurt
1

I
076 6 6ps/in lool [c;e theer of inner shelt et top closure =

363 6 Ts/in i
I tc;t sheer of outer shen at top closure =

10oi i
i

Figure C=10. Dynamic Impact Output == Interface Foices and Mornerts.
Note: Results based on unbonded shell/shleid interface for primary impact only.

O

O
'

C-14 versim 2a
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| Appendix C
o\
( Sarnple Cask and Description of Output
\

ol lo
| DVCs LING ANALY$iS or C A5k 200Y Ioj ........................... jo
I

!
pl h070- All lengths are in in:h one stresses in psi lo

I
i

of bOft: The fe: tor of ssfatu useo for tble tiu:tilng eva'untion is 134 for a:cteent con:ition to
i I

el h0T[, Tre listes stresses are cortressive stresses, tensi e stresses are t;nores in the !ol

1 bu:lling ensi sis enc insted as 0
1y

oI lo
| N0tt f or both t.onced and unbondes :ssk bocies the bu:61tng results for *:nner" ans ' Outer * I

ol levers art obteine tg tresting the legers as seperate shel!s subje:tes to the stresses lo
1

I
ol Cest Body She11 Dimensions end Meteriet Properties lo
) ........................................ |

of lo
I Youn;'s Ytets |

ol S hell Reclus T hic k . Length 5 Modulve $1ress lo
i R ,t L R/t U(R t) Me te r ial [ Sy I

o| ..... ...... ..... ...... ..... ..... ........ ........ ...... ;o
| inner 2013 100 192 EO 261 3706 $5304 28300000 30000 I

of Outer 3163 2 25 192 ! 0 14 1 22 02 $$304 26300000 !0000 lo
i I

ol 10
| PRIMARY IMP ACT (on cesk bottom) I

o| .............
Jo

| I
o| Ma x imum 10

i Worst Buttlin; Stresses Combined l
a

og s he11 Bucklin; Butiling 10
...................-

O I A s ial Hoop stress Ratio I/ o| ..... ...... ..... .......... ........ jo
\

| 1

o| Accoretn; to A!ME toce Se:L Hi, Code Case N22d lo
| I

oI inner 0216. 0 .C59 un116 ely lo
1 Outer 9359 0 C30 unlik e ly I

ol |0
I I

of A:corcing to API bulletin 2V (with retWyal stresses)
!o

i I

o| fnner 8216. 0 000 unt il t ly lo
1 Outer 9359 0 000 unil6 ely I

oi l
i lo
i $ECONDARY IMPACT (on cesk top)

!oj ............... lo
i l

o| Mealmum lo
I Worst f u bling $ tresses Combinec I

ol Shell Bu:61|ng But611hg lo-.-.-.+....-.. ..---

I A xis! Hoop stress patio I
og s .... ...... ..... .......... ........ io

i I

ol A :orcing to ASME coce Se:1. til, Coce Case N284 lo
i I

el inner 6814. 0 049 unlik ely lo
j Duter 6093 0 03) uni 46 tiv I

oi 10
I ii

t o| A orcing to API teulletin IV (with res10ual stresses) lo
| | !
| oi triner 0814 0 000 unitt elv 10
'

I Cuter 6093 0 .000 unit 6 fly in ni %

|
1 V Fi, ,re C.II. Buckling Analpis Results.

wnum a C-15

.. .
.
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Appendix C
Sample Cask anc! Description of Output

i I

of |0

| [HD C AP $ TRIS $!$ l
go; ......................

I .

I

ol NOTE: Limiters contribute no bencing stiffness to the ens ceps jo

| Intrtiel forces are evenig Ctstributed 9?ross the end cops I

ol lo

| All stresses are in P$l i

ol lo

1 FRIMAhY IMPACT (on test botton) I
1,o| ..............

1 1

ol io
j B0TTOM [hD C AP (besed on inertie of end cap and contents) i

Ioo| ....... .....

| Soll: [nd Cep I

!oo[ ..........
l

| Maximum Bencing $ tresses i

o| At center of end cap 5713 8 10 |

1 At e ;e near inner shell -8258 5 1

oI lo
| Avere;e $heer $ tresses 17285 I

o| At reclus = 25 6 inches lo
I |

oI lo

| TCP [hD C AP (based on inertie of end cep) {

lool ..........

1 Solta [nc Cep I

|oo| ...........

j Maximum Bencing $ tresses |

0| At center of end cop 414 8 lo
l l

ol Avere;e Sheer Stresses 492 10

| At radius = 25 6 inches i

el lo
| I

of 10

| $[CONDARY IMPACT (on cesk top) I

Ioo; ... ...........

i l

ol Io

| BOTTOM END CAP (based on inertis of en:cep) {
go|

,
.............

1 Solid Cnd Cap I
goj ...........

i Mextmum tending Stresses I

ol At center of end ces 110.7 lo
| At ec;e near inner shell -171.6 1

of 10

| Avere;e $ hear Stresses 335 |

ol At resius = 25.6 inches lo

I |

cl lo
| TOP [ND CAP (bsted on inertle of end cep end contents) I

iooj ..........

i Solid [nc Cep i
go| ...........

| Maximum Bencing Stresses I

ol At center of end cap -7576.4 to
| I

ol Averece Sheer $ tresses 7806 lo
| At retius = 29.5 inches I

ol lo
! i

Figure C 12. Dynamic Impact Output .. End Cap Stresses.

C-16 version: 2a



Appendix C
,4

(D Sainple Cask and Description of Output .

|

|
1

of Io
| TOP CLOSURI 60l1 Sikt$5t$ Inj .................................. |,

I I
ol !ol Bolt $ heir Stress (psi) tklMAk V IMPACT $lCOND Akt IMF ACT 1
o| ..............

Jo............. ...............

1 I
of Appiled to ALL bolts eQuelly 0174. 24932 10

1 1
of 10| Bolt Antel Tensile $ tress (psi) F11NARYIMPACT !(C ONC AkV IMP ACt ,I
g| .................... ..-.......... ............... |o

I 1
o| C80e I: ApD! led to All t'o't: tQue!'y 0 194 ! t. lo

i l
al lo

| Case 2. Mestmum stress based on bott O. 2C247. I
o| position reistive to impacting 10

| ecge of the test I
ol lo

I i
of 140 T[: 1. Antal toed is cue to mess of the contents and top end esp to

| 2 Compressive stresses are printed es rero
I

o1 3. Cast 2 is best test when Impeti engle is less then C 0. sngle lo
i Iet to

r%
( ) Figure C 13. Dynamic Impact Output .. Closure Ilolt Stresses.

Ov
vmion: a C-17



Appendix C
Sample Cask and Description of Output

Thermal Analysis Output

This Thennal analysis is based on the thennal case Normal Hot, Contents # cat, Solar
Effccis. ne ambient temperature is 100 F, contents heat load is 500 litu/ min, and solar effects are
included. %e Hermal Analysis output format is typical for a Finite Element analysis program and
is described below,

(1) llender
Indicates the type of analysis, page number of how many, date and time the
output was generated, SCANS version number, and a brief description of the
parameters defining the analysis case. The header shown in Figure C 14 is
printed at the top of every page of output.

(2) Control Data i
Lists the parameters controlling the analysis. Typical control parameters are: )
number of materials, nodes, and elements; type of geometry; number and type of
boundary and initial conditions; and non linear solution convergence controls.
A panial sununary of control parameters is shown in Figure C.14.

(3) Summary of Nodal Data
Table of nodes for the Finite Element mesh, indicating the coordinates. The
mesh is an axisymmetric representation of the top end of the cask. A partial
summary of node data is shown in Figure C 15.

(4) Summary of Element Data
Table of elements for the Finite Element mesh,irdicating the nodes which define
the element, material number, and element volume. A partial summary of
element data is shown in Figure C 15.

(5) Summary of Material Data
Table for each material used in the analysis, indicating the material name, cask
component, material number for reference by element data, and material
properties. A summary of Material 1 is shown in Figure C.15.

(6) Summary of Temperature Initial Conditions
Table of initial temperatures applied to nodes. A panial summary of initial
temperatures is shown in Figure C.16.

(7) Summary of Flux Boundary Conditions
Table of flux boundary conditions applied to boundary segments. Each segment
is defined by two nodes. Flux boundary conditions are applied to (1) the cavity
surface to represent the contents heat and (2) the outer surface to represent solar
effects. A partial summary of flux boundary conditions is shown in
Figure C 16.

O
i C-18 version: 2.
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Appendix C
Sample Cask and Descripilon of Output

(8) Summary of Convection Houndary Conditions
Table of convection boundary conditions applied to boundary segments. Each
segment is defm' ed by two nodes. Convection boundary conditions are applied

-to the outer surface to transfer heat between the cask and the ambient
environment. A panial sununary of convection boundary conditions is shown in
Figure C.16.

(9) Summary of Radiation Houndary Conditions
Table of radiation boundary conditions applied to boundary segments. Each
segment is defined by two nodes. Radiation boundary conditions are applied to
the outer surface to transfer heat between the cask and the ambient environment.
Radiation boundary conditions ne also used to ' represent fire conditions. A
partial summary of radiation boundary conditions is shown in Figure C.16.

(10) Handwidth Minimization Information
. Summary of results of bandwidth minimization, used internally for improved
calculational speed. -

(11) Summary of Output
Table of nodal temperatures, indicating the location and magnitude of the
minimum and maximum temperatures and the cavity pressure and temperature.
The cavity temperature is the average cavity surface temperature. The cavity
pressure is calculated using the ideal gas law. SCANS also prints the energy
transferred across each boundary condition segment, permitting an energy-
balance check. For the transient Fire Accident case, temperature and energy
results are printed for each time specified by the printing interval. A partial
summary of temperature and energy results are shown in Figure C.17.

(12) Termination Message
Indicates the total clock time in seconds for the analysis and indicates the status
of the analysis (Figure C.17) Normal Termination indicates the analysis was
completed. Error Terminarlon indicates the analysis was either terminated early
by the user or because of an intemal error condition (e.g., unable to extract
values from function curves). When the analysis ends with an error termination,
the resulting output can be printed but cannot be plotted.

O
Version: 2a C-19

_ - - - _ - - _ _ _ _ - _ - _ _ _ - - ___ - _ ___ _ _



- - -

Appendix C
sampie cask and ocscription or output g

i i

el lo
1 Th( AMAL OUTPUT FOR C A! A 9999 P:;c 1 of 31 |

o| O(h(R AT[D (N !/10/91 AT 13 24 3 $C Ah$ )(o $1CN 2e lo
I SAR $smpte 6 pent futt sMf ting cat 6 (tenonsteetion onty) |

of it CAM AL C At t horr,e1 t , t Contents teet So'er effetts I;
i Mestmum cr>ntents best generetion E00 00 &TV/M h I

oI lo
! I

ol usin; the Tor At versten compile:i - 1-C 3 'il to
I i

of refererte - Oerg L cohnson th 415-422-9323 lo
| I

ol 10
; .......................................................................... ;

,; ....... .... ..... ... ....... in
| . . . . . . . .

|

o| . . . . . . . . jo
; . . . ..... ...... . ;

. . . . . . . ino;
|

. . . . . . . ;

. .... . . . ....... g,nj
i l

,; .......................................................................... in
| |

01 lo
1 SUMMARY OF INPUT |

ol to
| ''' e o n t r o 1 d a t e ''' i

01 lo
1 i

of 10

| nunder of meterisis . 9 |

of to
279 |I number of noces =

01 10

| number of elements 242 1.

ol lo
3 || temperature units =

ol s Q.1: cimensionle s s lo
l eg 2: cenU;tede |

o| eq 3: Fahrenheit lo
| eQ 4: kelvin 1

ol eq 5: rentine lo
| I

* 1 looI type of QeometrW
i eQ 1: ext ymmetri: |

o| eQ 2: plane 10

1 I
= t lool ten:wleth nintmttsuon

I eQ 0. no minimization I

ol eq l minimization lo
I eq 2: mintmt:stion - nocal oestination |

ol vector reed from input file lo
| I

o! to

Figure C 14. Thermal Output - llender and Control Data.

O
C-20 v mim 2a
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Appendix C
O Sample Cask and Description of Output
V

m
, ,

el 10
i . " r. o e . , e s i . u . i

ol io
| I

ei nose riumtier al.:norcthete a2 toordmate Is mrerature (rt; f) to
l I

o1 1 00000 96;50 00000 io
1 2 4 2706 90250 00000

o1 3 e5417 90250 00000 to
i 4 12 613 96 250 00000 I

ol 5 17 083 96250 00000 to
| 6 ?!354 90 200 00000 i

el loi

| I
of to

I i
of to

j "* e t t m e n t ceto"' I

01 lo
1 I

ol eiem rio 1 j 6 i me t1. no. tas ti engte v o'une lo
I |

of 1 17 49 56 it 00000 7t192 jo
1 2 49 50 57 10 i 00000 760 a5 1

o| 3 16 56 63 15 1 00000 75192 to
i 4 56 57 64 63 1 00000 70645 I

ol 5 15 03 70 14 1 00000 75192 to
! 6 63 04 71 70 1 00000 7(6 45 1

ol o,

)~;V ,j (
o 10

l '" m a t e r i e l d e f a "' I

on lo
I |

of to
| $$304 U6ed in ite INNCR SPILL |

o| lo
| meterlei number a l |

Li lo
} matertel type 3 |e

al lo
| censity * 2 414 |

of to
i thermpf generation rete curve number s 0 |

oi 10
| thermal gtheretton rete multiplier 00000 1.

of 10
i materisi en;1e .00000 I=

of 10

| tempe ra ture cv 6,1 |
of lo

1 -50.00 .1200 1.1250E-02 |
o| 60 00 .1230 11400E+02 lo

i 212.0 .1238 1.2083[-02 1

of 392.0 .1275 1.7063t- 02 lo
I 572 0 .1312 15056t-02 i;

;,1 752 0 .1350 13889[-02 lo
<

| 1112 .1475 1.5278t- 02 | |of 1472. .1500 10050C 02 to
l i

ei to

O
v/ Figure C 15. Thermal Output - Node / Element / Material Summary,s

version: 2a C-21
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Appendix C !
Sarnple Cask and Description of Output

I l

cl to
i '' t e m p e r a t u r e initial c o n c t i s on s "* !

ol 10

| te hH r e te nits = (Ot; f) i

of lo
I r,0:e temp no;e te mp noce te mp no:'t trmp I

el 10

| t 102 0 71 '00 0 141 100 0 2it 'C0 0 I

of 2 100 0 72 )?C O 14 2 1000 212 100 0 lo
1 3 400 73 100 0 14 3 100 0 213 100 0 i

el 4 500 0 74 '00 0 14 4 100 0 214 100 0 to
I $ 100 0 75 '00 0 145 100 0 28 100 0 !

01 10

l I

ol lo
I (

el 10

i '' fi v s Loungery c o n c i t t o n *** i

Of lo
l note i no7e ) curve no 1-multiptier ; multiplier 1

ol lo
j 1 2 0 142371[-02 -1 a237:t 02 i

of 2 3 0 14237:t 02 -14 :~ Mt 02 !o

1 3 4 0 31423ht 02 -l d2 371t-C 2 1

ol 4 5 0 -t 42371t 02 -142371[ C2 lo

I 5 6 0 -t d237'1 02 -142371[ 02 I

ol lo
l I

ol io

"* c on v e c tion b o u nc e r y c o n e t tio n"*
ol io

l nose noce h h free conv t temp t temp j 1

nu ticher !col 1 ) cur ve mWtiplier esponent turve inui t ip' le t t

l I

oi 196 197 0 2.1990t 05 .3333 0 100 0 1000 10

1 197 198 0 2 1990[-05 .3333 0 100 0 100 0 l

o1 198 199 0 21990E-05 .3333 0 100 0 100 0 lo

| 199 200 0 2.19 90L-05 .3333 0 100 0 300 0 i

el 200 201 0 2.1990[-05 .3333 0 100 0 100 0 lo
I (

of 10

| I

of lo

i I

ol '" r e o le li o n b o u n d e r y c o n d i's o n *" lo
I I

ol noce noce i f temp temp i temp ) 10

i t j curve 8 multiplier curve 8 multiplier tuultiplier 1

ol lo

| 196 19 7 0 9 919C 14 0 100 100 I

of 197 198 0 9 919E-14 0 100 100. lo

| 196 199 0 9 919E-14 0 100 100 I

o! 199 200 0 9.919t- 14 0 100 100 lo

1 200 201 0 9 919[-14 0 100. 10 0 |

cl lo

i !

ol lo

1 I

ci 'o

Figure C 16. Thermal Output .. Initial /Iloundar3 Conditions Summary.

O
C-22 venion: a
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Appendix C
(' Sample Cask and Description of Output
i
\_-

1
i

of io
1 3 V M t1 A F V Of OUTPUT |

of to1 Stesey 3 tate loiution
I

of to
i tiinimum tempireture !!7,7 f etnose 227 t

.

o! fiestmun temperature 346Li et n:ct I to
.

i l
el Cevity pressure 20 t psia jo.

| Cevity temperature 2(51 ceg f
I

ol lo
j 600e timitfeture tip0e tt fhttr e(ur t node le ftpt r e tur e I

el to
| 1 3405 94 2d8 0 167 326 2 i

o1 2 3477 95 247.4 166 322 7 ;c
I 3 345 6 96 240.7 169 322 1 I

o| Jo
i 1

of lo
I internal thergs is 0 et the in 11e1 state

I
got positive heat now is in petiton of the surfe:e outnerd normel vector lo

! I

of transfer rett best trentfer tote' heet lo
| this step this t tp tr ans ferr ed I

i

of tyre seg * eree [tnergy/ time) tenergy/ step) te rie rgs) to
| I

o| flun i 17 3C3 -81062 to
| I

ol 10

[m) of fiva TOT AL -69603 to

............. i

V I I
oI 10

i conv 4 07303 34766 i
of lo

i l
o| ............ lo

i conv TOTAL d(2 93 i
ol lo

I |
01 rad 1 57 303 32305 lo

|
'

o! no
| ............ !

of resTOTAL 43825 lo
I I

eI bent gen toisi hest then;t in internal 10
| this step generetion tM energy energy 1

ol met * (energyl ienergy) (e rie rgy) tetit c;y) lo
i l

of f 00000 lo
l I

ol lo
'

{ ............ I

of 101AL 00000 io
i I

of execution tndec en 5/10/91 at 13 24 50 to
I execution (Ine . 246e: I

oI lo
1 ... norm 1 terninetten ... i

o| lo
' !

O Figure C.17. Thermal Output - Temperature Output and Energy llalance,

vmion: 2a C-23
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Appendix C
Sample Cask and Description of Output

Thermal and Pressure Stress Analysis Output

Thermal Stress and Pressure Stress analyses have the same output fonnat. The sample
output shown in Figures C 18, C 19, and C.20 is for a Thennal Stress analysis. The analysis
is based on the thermal case NormalHot, Contents Heat, Solar Effccts. The ambient temperature
is 100*F, contents heat load is 500 Btu / min, solar effects are included, and the stress free
temperature is 70*F. The output format is as follows:

(1) licader
Indicates the type of analysis, page number of how many, date and time the
output was generated, SCANS version number, and a brief description of the
parameters defining the analysis case. The header shown in Figure C.18 is
printed at the top of every page of output.

(2) Nodal Results
Table of coordinates and displacements for each node in the Finite Element
mesh. The mesh is an axisymmetric representation of the TOP end of the cask.
The results for the first ten nodes are shown in Figure C 18.

(3) Element Stress results
Table of stresses for each element in the mu. Stresses are calculated at element
integration points. These stress are extrapolated to the nodes which define the
element and printed in the output. Stresses are not calculated for nodes which lie
on the axis of symmeuy. The stresses for the first two elements are shown in
Figure C 19. The stress components are defined as follows:

Srr Radial stress
Szz Axial Stress
Sit Hoop Stress
Srx Shear stress in the axial cutting plane

S(MAX) Maximum Principal Stress
S(MIN) Minimum Principal Stress
ANGLE Orientation of the principal stresses

(4) Summnry of Output
Table of maximum and minimum stresses (radial, axial, hoop, shear), indicating
the elements where they occur; table of stresses at locations corresponding to
Impast model node locations. Stresses are printed for the outer radius of each
shell layer along the cask body. Stresses are interpolated to the Impact node
locctions when necessary. The stresses at the outer radius of the ShellInner
Layer corresponding to Impact node locations are shown in Figure C.20.

O
C-24 versen: a
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Appendix C
Sample Cask and Description of Output !

l i
of 10

| STRESS OUTPUT TOR CA$L 9999 Fe;e i of 19 |
'

oj OfNtRA1(D ON 5/10/91 AT 13 49 34 $C ANS Vtp 610N 20 lo
1 - fl1Lt: 6 ample opent fuel shippth; cask (pemonstretton ony) I

o THERMAL CA$t Normelhot Contents heat Soler effe:ts 1o
Maximum contents heat generation- 500.00 6tv/Mik i i

o, Streat f ree Tempo 70. Therme18 tete 2 at Time 5 5 Io
I

o lo :
1 i

e NODAL RI$ ult 3 to
'

l ,

c' lo }
| NODE C00R0lNAT[$ Ol6PLACtMtNT4 | !

ol NUMt[R X Y bX DV 10 .

| ...... .....s... .......... ....... - .......... |
of 1 .000 96.250 .000003 .173947 10

1 2 '4 271 96 250 .009714 .173776 |'

ol 3 6 542 96.250 .010379 .173261 lo
| 4 12 613 96 250 .026941 .172446 1

ol 5 17.063 16450 .036351 .171245 lo
1 6 21.354 96 250 047676 169659 1

oi 7 25 625 96250 .055969 .166217 lo
| 6 25 625 85.750 046316 .i42073 I :

el 9 25 625 75 250 .045007 .119666 lo i,

10 25 625 64750 .040446 .09976$ l
9 to

_ ! !

[ Figure C.18. Thermal Stress Output .. Ileader and Nodal ResuHs,
|

5
o lo

(LtMEN7 8TRES$ RESUtT3
0 0 l

Integration point stresses are entrepotetop to the element noJes
o 10

. flem - Node 3rr 83 4tt 3r2 5(MAX) 8(Mik) ANDLE i
Numb Numb pel - psi psi psi pel el e 10c:
t........ ..........................................................g

[.....
,

o 17 - -3 1486. -3146. 9. 1466 - 3. $9 66 . lo
| 49 59. 1651, -290!. E 165L 59 6962 |

of 50 -113. 1810. -2665. IL 1610. - 113 69 93 10 '

) 16 1. 1559. * 3145. * 6. 1559. t 69 72 1 :o| 56 -54. 172L ~2900. - 11. 1721. 54 69 64 10
| 57 , ~-106. 1876. -2665. -14. 1876. . 06. -69 56 |-1

al- 15 6 632. 3144.- -24. 1633, 6 - 8 9.15 to1
1

1' 63 49 1790. 2900. -26 - 179L -50 69.13 I
ol 64 -102. 1943. 2665 -31. 19N 5. 103 -69 13 le

2.................... ..................................... ............. |.

0 15 - 15. 1509. ' -315o. L 1569 +15. 6983 to
63 - - 75.' 1741. * 2916. -6. - '1741 75. --89 61 1

0 64 -133. 1846- -2566. -17. 1866 -133. -69.53 to
14 15, 1626.- 3157. -51 1827. -16. -66.41 1-

0 70 -59- 1956. - 2 917. -63c 1960. -61. .66 20 10
711 -10L- 2065. 2666, 75 2066- -10 4. = -66 04 I

o 13 .- 14, 2063. 3156 -10 7, 2066 -19. 67,05 10
1 77 -42. . 2175. -2 917, -121. 2161 -49. *66 90 |-oj. -76 -70. 2262. -2667. *133 2290. -77. -66 ?? 10

.I I
of to ,

>

\ - Figure C.19. Thermal Stress Output .. Typical Element Stresses.

Version: 2a - C*25
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Appendix C
sampie cask and oescription or output g

i i

01 !c
1 |UMMAAY OF OUTPV7 I

ol lo
I I

ol tiements with ntnimum ens inestrNm stress va'ves to
I I

o| 3rr minimum of - 12(3 L pel o: curs in e'ement 14 et no:e Q2 to

i me:Imum of 49240 pet o;;ure in element 20 et node ti4 I

oI lo
| $tt rnhtmum of 13&S0 pst 0;;urs in e!enent 14 e t no.1e 120 t

ol maximum of 2424L pel o:ture in eitment 20 et node 12 4 to
| I

of $lt mininum of a!4599 psi Cture in e enent 14 et no e 120 jo

i menimum of 25!01 pst 0;;ure in etenant 20 at nose 12 4 1

o| fo

| Srt minimum of 25Bli pel o::urs in t ement 20 et nose 12 4 |i

o| mentmum of 21(22. ps! 00 urs in e'enent 25 et nose 12 0 to

i l

oI lo
1 I

o| Stresses along Cesk trocv et redius of eeth $HtLL 1ever jo

! $tres4(8 ere interpolated to IMP ACT node 30:11106: j

ol Cesk bottom ene impe';t noce is 1 position is 0 in:hes to

| Cest 10p end thpe:t no2e le 5 posillDr* to 192 5 Inche s |

o| lo
1 I

o| Sh(ll thNER L AY(R outer rg: lute 26 025 inches to
| l

of ImpoJt lo
i Hocel pes $rr $tt $tt $rt $(M AX) ?(M!N) ANOL( |

pl Noce Inch psi pet psi psi pst pst ceg lo
'

| ..... ..... ..... ..... ..... ..... ...... ...... .....

of 1 0 -4142 11222 10 4 3350 11920 4641 7822 to
i 10.5 -2260 4388 -2507. 207. 4394 2292 4622 i

el 21 0 41 25 -4596 T20 554 -427 4456 lo
1 31 5 82 le t2. - 3116. 2285 3438 -1474. 55 75 I

ol 40 6 -10 1893 -2842 330 194e -05 8042 to
| 2 481 04 2263 -2692 11( 2269 56 e7 02 i

el 50 0 82_ 23t2. -2054 (2 23e4 81. 6647 lo
| 59 3 - 116. 2205. 2(90 - 3 8. 22(0 - 117, c9 0e I

of 06 5 -101, 2085 2(60 75 208E -104. +88 04 lo
| 77 8 - 11 6. 1915 -2676. -24 1910 118 -89 32 1

of 87 0 -108 1670. - 2( 05. -14 1876. -100 -8956 10

| 3 56 3 - 113 1810. -2005 2 1810 - 11 3 29 93 )
of 105 5 -100. 1876. -20($ -14 1870 -108 -e9 58 lo

1 114 6 - 11 6. ?915. 2070 -24 1916 - 116 -89 32 I

of 124 0 - 101 2Ct! -2666 -75 2088 -104. -8! 04 lo
i 133 3 - 11 0 2205 2(90 -36 2266 -I17 -89 00 '

ol 142 5 82 2382 -2654 62 2364. 81 to47 to
| 4 1444 64 2283. -2t92 116. 2269. 56 8702 i

ol 151 4 -10 1893 +2642 330 1946 f5 80.42 10

1 161 0 22 Itt? - 3116 2265 3436 1474 55 75 I

of 171 5 4L 25. -4596 52C 5!4 -457. 44 56 lo
| 182 0 -2286. 4326 2507 207, 4394 +2292, 88 22 I

of 5 192 5 -4142 11222 1016 3350 11920 -4241, 78 22 lo
i 1

ei <e
_

Figure C-20. Thermal Stress Output Summary of Stresses.

O
C-26 vusion: 2.
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Appendix D> '

Therinal Analysis lloundary Conditions

SCANS uses heat flux, convection, and radiation boundary conditions to define the
thennal analysis conditions. Following is a list of the boundary condition s alues used for each
SCANS thennal analysis.

NOTE: Refer to Volume 4, SCANS Thermal Analysis Theory Manual for a more complete
descriptica of the following tenus and equations.

Convection Equation: 'd = h ( T T, )* ( T T, )
Where:

'q' Surface heat flux due to convection=

Convectio: coefficient
_

h =

Free convection exponenta =

Surface temperatureT =

T. = Convection flow temperature

Radiation Equation: 'q = f( T + T, ) ( T 2 + T2, ) ( T T. i.

and f=cF
Where:

*'
Surface heat flux due to radiationq n

Stefan-Boltzmann constanto =

F characteristic exchange factor (includes effects=

\d of geometry, emissivity and reflectivity)
T Surface temperature=

T= Radiation source temperature

Cold Soak, Contents IIcat, No Solar Effects

All boundary conditions are constant

Heat Fha
Cavity: Contents heat as specified in the geomeuy definition
Outer Surfaces (solar): None

Convection
Flat surfaces

.00002199 Btu /in.2 min 'Fh =

.3333a =

T. = -40 F
Cylindrical surfaces,

00002083 Btu /in.2 min Fh =

.3333a =

T., = 40'F
RadiationO 1.001E 13 Btu /in.2 min F4f =

b T,, = 40 F

\'eson: 2a D-1
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Appendix D
Therinal Analysis Doundary Conditions

Cold Soak, No Contents, No Solar Effects

All boundary conditions are constant

Ilcat Flut
Cavity: None
Outer Surfaces (solar): None

Convection '

Flat surfaces
.00002199 Btu /in.2 min 'Fh =

.3333a =

T,, = -40 'F |

Cylindrical sudaces
.00002083 Btu /in.2 min 'F )h =

.3333a =

T., = -40'F
Radiation

1.001E 13 Btu /in.2 min 'F d if =

T,, = 40 'F

hNortnal Cold, Contents IIeat, No Solar Effects *

All boundary conditions are constant

lleat Flux
Cavity: Contents heat as specified in the geometry definition
Outer Surfaces (solar): None

Convection
Flat surfaces

.00002199 Htu /in.2 min 'Fh =

.3333a =

T,, = 20 F
Cylindrical surfaces

.00002083 Btu /in.2 min 'Fh =

.3333a =

T,, = -20*F
Radiation

1.001E 13 Bru /in.2 min 'F 4f =

T,, = -20 'F

!

D-2 version: 2a
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Appendix D
Thermal Analysis lloundary Conditions

Normal Cold, No Contents, No Solar Effects

All boundary conditions are constant

11eatFlut
Cavity: None
Outer Surfaces (solar): None

Convection
Flat surfaces

h = .00002199 11tu /in.2 min 'F
a =- .3333
T= 20'F

Cylindrical surfaces
h .00002083 Dtu /In.2 min 'F=

.3333a =

T., = 20 'F
Radiation |

f = 1.001E 13 D u /in.2 min 'F 4
T., = 20 'F

i

( Normal liot, Contents IIcat, Solar Effects-

All boundary conditions are constant

lleat Flut
Cavity: Contents heat as specified in the geometry definition
Outer Surfaces (solar): .01065 8tu/in.2 min

Convection
Flat surfaces

h .00002199 Dtu /in.2 min 'F=

.3333a =

T., = 100'F
Cylindrical surfaces

h .00002083 Dru /in.2 min 'F=

.3333a =

T, = 100*F
Radiat%

f 1.001E-13 Dtu /in.2 min 'F 4=

T. = 100*F

\

version: 2. D-3
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Appendix D
Thermal Analysis Boundary Conditions

Normal Hot, Contents Heat, No Solar Effects

All boundary conditions are constant

Heat Flux
Cavity: Contents heat as specified in the geometry definition
Oater Surfaces %lar): None |

Convection
Flat surfaces

.00002199 Btu /in.2 min 'Fh =

.3333a =

T,, = 100 F |
!Cylindrical surfaces

.00007083 Btu /in.2 min F ;h =
'

.3333a =

T, a 100 *F

Radiation
1.001E-13 Btu / in.2 min Fdf =

T., = 100 F

Fire Accident, Contents Heat, No Solar Effects

All boundary conditions are time dependent

Heat Flux Applied for complete analysis
Cavity: Contents heat as specified in the geometry definition

- Outer Surfaces (solar): None
Convection Applied after fire (30 360 minutes)

Flat surfaces
.00002199 Btu /in.2 min Fh =

.3333a =
:

T,= 100 F
Cylindrical surfaces

.00002083 Btu /in.2 min Fh =

.3333
|

a =
' T,, = 100 F

Radiation 4 pplied during fire (0 30 minutes)
1.47087E-13 Btu /in.2 min Fd! =

T,= 1475 F
Radiation Applied after fire (30-360 minutes)

1.6016E-13 Bru /in.2 min Fdf =

T,= 100 F

O
D-4 version: 2a
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Appendix E
p Program Reference
b

Contents of Distribution Diskettes

The SCANS release package contains four 5% inch double-density (360K) distribution
diskettes, listed below. Each file is identified and its function explained.

DISK 1 (5 files)
File Name Function

-SCANSV2A.D1- SCANS Disk 1 Identification File
SCANS.VER SCANS Version File

INSTALL.EXE Program to Install SCANS on the IC
. SAMPLE,EXE Packed Sample Cask Data Set

D1.EXE First Set of Packed SCANS Program Files

DISK 2 (2 files)
File Name Function

SCANSV2A,D2 SCANS Disk 2 Identification File
D2.EXE Second Set of Packed SCANS Program Files

. DISK 3 (2 files)
File Name Function

'SCANSV2A.D3 SCANS Disk 3 Identification File
D3.EXE hird Set of Packed SCANS Program Files

f)g DISK 4 (2 files)-
y File Name Function -

D4.EXE Fourth Set of Packed SCANS Program Files
SCANSV2A.D4 SCANS Disk 4 Identification File

The INSTALL program automatically unpacks the packed files. The four packed sets of
SCANS files produce the following sixty six SCANS program files:

File Name Function-
AIRCONV.NSM Neutron Shield Material File, Air Convection i

ALLDONE.EXE. Program for Termination Mezage
BALSAXGR.ILM Impact Limiter Material File, Balsa wood cross-grained
CARBNSTL.STM - Shell/End Cap Material File, Carbon Steel
CARBNSTL WJM - Water Jacket Material File, Carbon Steel

COPPER.WJM Water Jacket Materia! File, Copper
DOT 1.COM Program for hermal/ Pressure Stress Analysis Module
DOT 2.COM Program for Hermal/ Pressure Stress Analysis Module

GEOMETRY EDT Editor Template File for Basic Geometry
'

H20CONV.NSM Neutron Shield Matenal File, Water Convection -
LEAD.SHM- Shield Material File, Lead

|-LIMITER.EDT Editor Template File for Limiter Force-Deflection Curves ~

MATERIAL EDT Editor Template File for Material Properties
4PLOTRES. LOW- ~ Flag File for Printer Plot Resolution

POLYFOAM.ILM Impact Limiter Material File, Polyfoam
PRINTERiEPS Flag File for Printer Type

PURETHAN.ILM Impact Limiter Material File. Polyurethane

Version: 2a E-1
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REDWDXGR.ILM impact Limiter Material File, Redwood cross-grained
SCANS. BAT SCANS Main Control Batch File

SCANSAM.COM SCANS Analysis Menu
SCANSDM.COM SCANS Display Menu
SCANSFM.COM SCANS Archive Menu
SCANSGM.COM SCANS Geometry Menu
SCANSMM.COM SCANS Main Menu
SCANSPM.COM SCANS Print Menu

SS304.STM Shell/End Cap Material File, Stainless 5'ect 304
SS304.WJM Water Jacket Material File. Stainless S tecl 3(M
SS310.STM Shell/End Cap Material File, Stainless Steel 310

SSM 0.WJM Water Jacket Material File, Stainless Steel 310

Sd.I?.STM Shell/End Cap Material File, Stainless Stect 316
SS316.WJM Water lacket Material File, Stainless Steel 316

SS347.STM Sheit/End Cap Material File, Stainless Steel 347
SS347.WJM Water Jacket Material File, S:ainless Stect 347

TIRGTPZI Thermal Analysis B.C. File, Cold Soak, Contents. No Solar
T2RGTPZI Thermal Analysis B.C. File, Cold Soak. No Contents, No Solar
T3RGTPZI Bermal Analysis B.C. File. Normal Cold, Contents, No Solar
T4RGTPZI Thermal Analysis B.C. File, Normal Cold. No Contents, No Solar
TSRGTPZI Thermal Analysis B C. File, Normal Hot. Contents, Solar
T6RGTPZI Thermal Analysis B.C. File. Normal Hot, Contents, No Solar
T7RGTPZI Thermal Analysis B.C. File, Fire Accident, Contents, No Solar

VJDEO.CGA Flag File for Video Display Type
ARCSCANS.EXE Program to Compress / Expand Data Sets for Archive

ASOLID.EXE Pros; ram for nermal/ Pressure Analysis modale

ASOLIDF.EXE Program for nermal/ Pressure Analysis module

COPYFL.EXE Program to Copy Geometry / Limiter Data Files

DATACK.EXE Program to Create Cask Summary and Data Check

DISCLAIM.EXE Program to Display Disclaimer
EDGLP.EXE Program to Initialize Editor for Geometry and Limiter Data

EDITOR.EXE Program to Edit Geometry, Limiter and Material Data Files
EDMAT.EXE Program to Initialize Editor for Material Data
GETID.EXE Program to Select CASK ID

IMPACT.EXE Pregram to Perform Impact Analysis
MATCK.EXE Pmgram to Perform Data Check on Material

MSHDSP EXE Progmm to Generate and Display Finite Element Meshes
PLTDYN.EXE Program to Plot Dynamic Impact Analysis Results
POSTPZ.EXE Program to Plot Thermal Analysis Results

PRETOPAZ.EXE Program to Create or Select nermal Case and Control Thermal Analysis
PRINTIT.EXE Program to Print and Review Outputs
SAPINPT.EXE Program to Create nermal Stress Analysis input

SAPPHIRE.EXE Program for Thermal / Pressure Analysis module

SAPRESS.EXE Program to Create Pressure Analysis Input
SAVER.EXE Program to Archive / Retrieve / Delete Data Sets

SETVIDEO.EXE Program to Select Video / Printer type
SOLVE 1.EXE Program for Thermal / Pressure Analysis module

SOLVE 2.EXE Program for Hermal/ Pressure Analysis module
TOPAZ.EXE Program toPerformThermal Analysis

E-2 version: 2a
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Appendix E
Program Reference

v
System Details

SrANS uses a DOS BATCH command file to coordinate the menus, input programs,
cask analysis programs, output pmgra ns, data archive pn> grams and databases. A BATCH file is,

a file contaimng commands that DOS executes one a~. a time. The SC ANS BATCH file is
controlled using menu programs. Each menu program displays a list of options and waits until one
of the indicated keys is pressed. After accepting th: key, the menu program sets the DOS
ERRORLEVEL to indicate which key was pressed. The BATCH Hle branches based on
ERRORLEVEL, to perform the selected task.

SCANS has six menu programs. Each menu program is written in Assembly Lan uage,
making it small, fast, and flexible. All other pmgrams in SCANS are written in FORTRAh. The
FORTRAN programs use a set of FORTRAN callable Assembly Language routines to provide
access to DOS and BIOS functions. These functions include manipulating the video screen,
sending data to the printer, managing disk files, and obtaining disk space and directory
information.

The SCANS BATCH file is listed below with comments identifying the flow of control.

C: I s.na io hard duk conuunir.: SCANS
PPOMPT $e(1;37;4Om | Cicar pmmpi, see white si ov , bt.ck d.ciground
ECHO OFF l Tum off echo feature d batch file
MODE CO80 I sei video mode e CGA - ' 80 columns of text

!( REM ***** TEST FOR COMMAND COM ON SCANS DRIVE *****

IF EXIST \ COMMAND.COM GOTO CHNGDIR I Go to ducctory charige,it CostMAND COM exists

I in tax directory

ECHO -

ECHO
ECHO
ECHO ERROR CANNOT INITIALIZE SCANS- - -

ECHO
ECHO COMMAND.COM DOES NOT EXIST IN THE ROOT DIRECTORY OF THE
ECHO DRIVE WHICH CONTAINS SCANS
ECHO
ECHO

PROMPT SpSg I If CoMNIAND CoM does not ex2st, set prompt to
GOTO END2 i dunlay dnve and puth and go to END of session

REM ***************************************************************

:CHNGDIR
CD\ SCANS | Change to SCANS iMrecery
DISCLAIM | Display SCANS duclairner

GETID Iselea CASKID
IF NOT EXIST CASK,ID GOTO END l if no CASK ID selected, go to end SCANS

-

0~

REM **************************************************************

Versica: 2a E-3
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REM ***** MAIN MENU ******

: MAIN
SCANSMM l Dicay MAN MENT

IF ERRORLEVEL 7 GOTO END | Check ERRORLEVEL and tunch

IF ERRORLEVEL 6 GOTO SAVE
IF ERRORLEVEL 5 GOTO PRINTER
IF ERRORLEVEL 4 GOTO DISPLAY
IF ERRORLEVEL 3 GOTO ANALYZE
IF ERRORLEVEL 2 GOTO GEOMETRY

REM GET NEW CASK ID

:INIT
GETID i Scico CASKID

GOTO MAIN l ud neum to MAN MENT

REM ***************************************************************

REM ***** GEOMETRY MENU ******

: GEOMETRY
IF EXIST EDITOR,EDM DEL EDITOR.EDM l Delete EDrIOR control rde

SCANSCM | Dipay GEOMETRY MENT

IF ERRORLEVEL 6 GOTO MAIN
IF ERRORLEVEL 5 GOTO EDITM
IF ERRORLEVEL 4 COTO COPYLM
IF ERRORLEVEL 3 GOTO COPYBG
IF ERRORLEVEL 2 GOTO EDITL

REM EDIT THE CASK GEOMETRY DATA FILE AND PERFORM DATA CHECK

:EDITG
EDGLP G l Semp u sta GEOMERY

IF NOT EXIST EDITOR EDM GOTO GEOMETRY l U conuul rue missins ntum to GEOMERY MENT

EDITOR l EdaGEOMETtY

IF NOT EXIST DATACHCK GOT0 GEOMETRY I U not dang data check, retum to GEOMETRY MENU

DATACK G l Perform data check on buic scometry

GOTO GEOMETRY l andntumtoGEOMETRY MENT i

REM EDIT THE IMPACT LIMITER DATA FILE AND PERFORM DATA CHECK

:EDITL
EDGLP L l Semp to eda UMITER

IF NOT EXIST EDITOR.EDM GOTO GEOMETRY l li cantrai rde missing. setum m GEOMETRY MENT

EDITOR I eat UMIIER

IF NOT EXIST'DATACHCK GOTO GEOMETRY l if oot dcug data check, retum to GEOMETRY MENU

DATACK L l Perform data check on hmiter F/D curves

GOTO GEOMETRY l andantmtoGEOMERY MENU

E-4 version: 2.
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~ i
%

REM COPY BASIC GEOMETRY FROM DIFFERENT CASK

:COPYBG
COPYFL B i Cwy GEOMETRY fetrn differera data nei

GOTO GEOMETRY l and =tumioGEoMURY Mf;NT

REM COPY LIMITER DATA FROM DIFFERENT CASK
t

:COPYLM
COPYFL L i c y uMrrER frorn different data setw
GOTO GEOMETRY l and resumioGEOMh'IRY MINU

-

REM EDIT MATERIAL DATA SET

:EDITM
EDMAT S | Set up to eda MADRIAL

IF NOT EXIST EDITOR.EDM GOTO GEOMETRY l if control fue nuning. mum to GEOMETRY MENU
EDITOR l Fat MARRIAL
IF NOT EXIST DATACHCK GOTO GEOMETRY l tf nct doing data check, retum to GEOMETRY MENT

MATCK I Perfonn data check on maienal
'

GOTO GEOMETRY l and retum to GEOMEIRY MENU

REM **************************************************************

'

REM ***** ANALYSIS. MENU *****

: ANALYZE
SCANSAM i Thsplay ANALYSIS MENU

IF ERRORLEVEL 5 GOTO MAIN I Oneck ERRORLEVEL and tranch

IF ERRORLEVEL 4 GOTO PSTRESS *

IF ERRORLEVEL 3 GOTO TSTRESS
IF ERRORLEVEL 2 GOTO THERMAL

REM PERFORM IMPACT ANALYSIS

:IMPACTIT
IMPACT l Perform IMPACT malysis

GOTO ANALYZE I and recum io ANALYSIS MENU

REM PERFORM THERMAL ANALYSIS

: THERMAL
PRETOPAZ l Prepare or select case for DIERMAL analysis

IF NOT EXIST TOPAZ.CMD GOTO ANALYZE lif no case selected, retum to ANALYSIS MENU

TOPAZ l Pericum DIERMAL aMyns

IF EXIST CONTINUE.TPZ GOTO THERMAL i If performing another 30 to nelect cue

GOTO ANALYZE
o
' /

'N d

r

Version: 2a E-5
|
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REM PERFORM THERMAL STRESS ANALYSIS

:TSTRESS
SAPINPT | Sdect cue for 11IERhtAL S1RESS analysis

IF NOT EXIST TEMPCASK GOTO ANALYZE lif no cue idected. retum to AN ALYSIS hiENU

SAPPHIRE I Perin 111tRMAL STRESS analysis

ASOLID
DOT 1
SOLVE 1 >TEMPCASK.JNK
DOT 2
SOLVE 2 >>TEMPCASK.JNK
ASOLIDF
DEL TEMPCASK.* | Delete temporary fues

DEL SYSTEM
IF EXIST CONTINUE.TSO GOTO TSTRESS I If perfomung another so to select cue

GOTO ANALYZE ! ehe retum to ANALYSIS MENU

REM PERFORM PRESSURE STRESS ANALYSIS

:PSTRESS
SAPRESS | Selea cue for PRESSURE STR ESS analym

IF NOT EXIST TEMPCASK GOTO ANALYZE IIf no case ielected. ietum to ANALYSIS MEht

SAPPHIRE I Perfonn PRESSURE STRESS analyits

ASOLID
DOT 1
SOLVE 1 >TEMPCASK.JNK
DOT 2
SOLVE 2 >>TEMPCASK.JNK
ASOLIDF
DEL TEMPCASK * i Dacie temporary files

DEL SYSTEM
IF EXIST CONTINUE.TSO GOTO PSTRESS I Ir perfonnins another. go to nelea cne

GOTO ANALYZE l che return to ANALYSIS !!Eht

REM ****************************************************************

REM ***** DISPLAY MENU *****

: DISPLAY
SCANSDM l Duplay DISPLAY MENU

IF ERRORLEVEL 5 GOTO MAIN l Check ERRORLEVEL and branch

IF ERRORLEVEL 4 GOTO ATTRIB
IF ERRORLEVEL 3 GOTO PLOTT
IF ERRORLEVEL 2 GOTO PMESH

REM PLOT IMPACT RESULTS

:PLOTI
PLTDYN | Plac DYNAMIC IMPACT ANALYSIS tesults

GOTO DISPLAY l and rerum to DISPLAY MENT

E-6 vusion: 2a
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REM PLOT FINITE ELEMENT MESHES

:PMESH PLOT FINITE ELEMENT MESHES
MSHDSP D | Dus.y nhm ELEMrxt mean
GOTO DISPLAY l and mum io DisrtAY Mr.w

REM PLOT THERMAL DISTRIBUTTONS

:PLOTT
POSTPZ l Phx DIERMAL ANALYSIS ruulu

GOTO DISPLAY l and mum to DGPLAY MENU

REM SET VIDEO ATTRIBUTES

: ATTRIB
SETVIDEO l select video /Pnnter type and pkx ruoludon

GOTO DISPLAY l and mum to DEILAY MENU

REM **************************************************************

REM ***** PRINT / REVIEW MENU *****

CN, : PRINTERf
*

| SCANSPM l Dugsy PRINTREVIEW MENU
'# IF ERRORLEVEL 6 GOTO MAIN | Oieck ERRORLEVEL and branch

IF ERRORLEVEL 5 GOTO PRINTD
IF ERRORLEVEL 4 GOTO PRINTP
IF ERRORLEVEL 3 GOTO PRINTS
IF ERRORLEVEL 2 GOTO PRINTT

REM PRINT IMPACT RESULTS

:PRINTI
PRINTIT I 1 % ntPACT ANALYSIS resulu

GOTO PRINTER l and mum to PRI57 REVIEW MENU

REM PRINT THERMAL RESULTS

:PRINTT
PRINTIT T I Pnnt DIERMAL ANALYSIS iesulu

GOTO PRINTER l and mum to PRISTREVIEW MENU

REM PRINT THERMAL STRESS RESULTS

: PRINTS
PRINTIT S l h DIERMAL SMSS ANALYSIS ruulu

[^N, GOTO PRINTER l and mum to PRISTREVIEW MENU
\ )

~'' REM PRINT PRESSURE STRESS RESULTS

Version: 2a E-7
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:PRINTP
PRINTIT P i Pont PRESSURE STRESS ANALYSIS resulu

GOTO PRINTER l and mum tol4uhTREVIEW MENT

REM PRINT CASK SUMMARY AND DATA CHECK

:PRINTD
PRINTIT D 1 PnniCASK SUMMARY / DATA ClLECK

GOTO PRINTER I and mum to PR!hTREVIEW MENU

REM **************************************a************************

REM ***** ARCHIVE MENU *****

:SAVE
SCANSFM |Dupt:y ARGIIVliMENT

IF ERRORLEVEL 4 GOTO MAIN I Occk ERRORLEVEL and tranch

IF ERRORLEVEL 3 GOTO DELETE
IF ERRORLEVEL 2 GOTO GET

REM ARCHIVE CASK DATA SET

:PUT
SAVER A l AROGVEdatawu

GOTO SAVE l ed mum to ARQU\T MENT

REM RETRIEVE CASK DATA SET

:GET
SAVER R l RETRIE\T data seu

GOTO SAVE I and mum to ARQUVE MENU

REM DELETE CASK DATA SET

: DELETE
SAVER D lDELITE dau m

GOTO SAVE I and mum to ARGINE MENU

REM ***************************************************************

REM ***** END OF THE SCANS PROCESS *****

:END i Termmte SCANS

IF EXIST CASK.ID DEL CASK.ID I Deleu CASK ID identification file

PROMPT $p $g i Set prompi to display drive end path

ALLDONE l Dispuy termmation message

:END2 1 End of Session

O
E-8 vusion: 2a
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Description of Databases

SCANS uses integrated databases to pass information between various programs. These
databases describe the cask geometry, impact limiter force-deflection curves, material propenies,
boundary conditions for Thermal analyses, analysis results for plotting, and analysis results for
printing All databases, with the exception of printable output, are random access files with fixed
record lengths. Thus, each program that utilizes the database has recess to individual elements in
the data base, identified by record number, Following is a description of each random access
database.

Basic Geometry Databar.e

Purpose: Contains all geometry specifications for the cask.
Used by: IMPACT, DATACK, PRETOPAZ, S APINPT, SAPIGSS, MSilDSP
Created by: FBITOR
Modified by: EDITOR, ORETOPAZ
Record Length: 12

NOTE: Record types are as follows:
Real = Real Number
Int = Integer Number,,s

('s}
Char = Character stdng
List = Single Character which must match specific choices

i

Name = Value is selected fmm a ftle name list

IIcader

Record Description Type Length Comments
1 ScansId Must le ' Scans gel'
2\
31

4 l- Database name Char 60
51

6/
8 File creation date Char 8 Form 'mm/ddlyy'
9 File creation time Char 8 Form 'hh:mm:ss'

10 Editor code name Char 8 Editor
11 Editor version no. Char 3 2.1
12 Editor compile date Char 8 Form 'mm/dd/yy'
13 Geometry template file name Chv 12 Geometry.edt
14 Unused at this time
15 Data file status Char 12 ' Complete' or ' Incomplete'
16 Page 1 mod date PG ACC, PGREQ Char 811 Form 'mm/dd/yy AR'
17 Page 2 mod date, PGACC, PGREQ Char 811 Form 'mm/dd/yy AR'

.

. NOTE: See TEMPLATE for dermition of PGACC & PGREQ/mT
.

,1 45 Page 45 mod date, PGACC, PGREQ Char 811 Form 'mm/dd/yy AR'

Version: 2a E-9
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.Gintral SAR Information and Reviewer Information

Record Description Type Length Restrictions Default
46\
471
48 l- SAR title Om M (bbnk)
49I
50 /
$1 SAR repcrt number Char 12 (blank)
52 SAR report date Om 8 (blank)
53 SAR docket number Ow 7 (blank)
54 SAR docket start date Om 8 (blank)
55 \
56I
57 l- Additional S AR info Line 1 Char 54 (bbnk)
581
59 /
60 \
611
62|- Additional SAR info Line 2 Om 54 (blank)
63 1

6% /
65 \ i

66 i
.

Char 54 (blank)

i

67 l-. Additional SAR info Line 3
68 i

69 /
70 \
711
72 l- Submitters address Line 1 Char 9 (blank)
731

74 / -
75 \
761
77 l- Submitters address Line 2 Char 54 (blank)
781

79 /
80 \
811
82l- Submitters address Line 3 Char 54 (blank)
83 I

84 /
85 Cask reviewleadername Char 24 (blank)
86 (cont'd)
87 "Ihermal analyst's name Char 24 (blank)
88 (cont'd)
89 Structural analyst's name Char 24 (blank)

| 90 (cont'd)
| 91 Nucleonics analyst's name Char 24 (blank)

92 (cont'd)

93 99 Unused at this time

E-10- version: 2a
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Cask Carliv/ Contents Snecifications

Record Description _ Type Length Restrictions .Defa ult -
100 ~ Oross weight of package Obs) Real 12 Positive 0.
101- Cavity radius (inches) Real 12 .001 s X 5 2000 - 0.
102 ~ Cavity radius mesh divisions Int 2 Even 2 s I s 20 6
103 Cavity length (inches) - Real 12 .001 s X s 2000 0.
104 Italflength mesh divisions Int 2 Even 2 s I s 40 8
105 Weight of contents (lbs) . Real 12 Positive 0
106 Max contents heat (btu / min) Real -12 0sX 0
107- Initial cavity pressure (psia) - Real 12 0 s X c 500 14.7
108 Initialcavitytemperature('F) Real 12 100 s X s 300 70
109- Maximum Normal Operatmg Pressure (psia) Real 12 0 s X s 2000 14.7
110 Stress free temperature ('F) Real 12- 100 s X s 300 70

Cask Comnonent Configuratiens

Record Description Type Length Restrictions Default .

I11' Shellconfiguration List 1 S or L S
112 Top end cap configuration List 1 S or L S
113 Bottom end cap configuration List 1 S or L S

- 114 c Top limiter present? List 1 Y or N Y
115 Bottomlimiterpresent? List 1 Y or N Y

O 116 Neutron shield /waterjacket?- List - 1- Y or N Y

. 117 120 Unused at this time

Caski Shell Snecifications

Record: Description - Type Length = -- Restrictions Default ;

De following 3 records are for Solid Shells (1 layer) '
121 EShe!! thickness (in.) Real - 12 - .001 s X s 2000 : O.3

'122 : Shell material Name 8 List from *.STM SS304 ,

123 Shell mesh divisions -Int 2 Even 2 s I s * P4

he following 12 records are for Laminated Shells'(1 3 !ayers)
124 Shell inner layer thickness (in.) Real 12 0, s X s 2000-. O.
125 Shellinnerlayer material- -Name 8 List from * STM SS304
126. Shellinnerlayer mesh divisions - Int 2 Even 2 s I s 10 2
127- Shell shield thickness (in.) Real 12 - 0. s X s 2000 0.
128 Shell shield length (in.) - - Real. 12 0. s X s 2000 - 0,

.

129 - Shellshield material Narne 8 List from *.SHM LEAD
130 ' Shell shield mesh divisions - Int 2 Even 2 s I s 10 4
131 Shell outerlayer thickness (in.) Real - 12 .001 s X s 2000 0.
132 - Shellouterlayermaterial Name 8- List from *.STM SS304

,
.

'133 Shell outerlayer mesh divisions Int- 2 Even 2 sI s 10 2

:{ 134- Inner Shell additional thickness (in.) Real -12 0 s X s 2000 0,

135 . Outer Shell additional thickness (in.) Real 12 0. s X s 2000 0.s

lI
L

version: 2a E-11
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Cask Too End Can Soecificatiorts

Record Description Type Length Restrictions Def a ult

De following 3 records are for Solid Top End Caps (1 layer)
136 Top End Cap thickness (in.) Real 12 .001 s X s 2000 0.
137 Top End Cap material Name 8 List from *.STM SS3N
13S Top End Cap mesh divisions Int 2 Even 2 s I s 10 4

The following 10 records are for Laminated Top End Caps (1-3 layers)
139 Top End Cap inner layer thickness (in.) Real 12 0. s X s 2000 0.
140 Top End Cap inner layer material Name 8 List from *.STM SS304
141 Top End Cap inner layer mesh divisions Int 2 Even 2 s I s 10 2

142 Top End Cap shield thickness (in.) Real 12 0. s X s 2000 0.
143 Top End Cap shield length (in.) Real 12 0. s X s 2000 0,

144 Top End Cap shield material Name 8 List from * SHM LEAD
145 Top End Cap shield mesh divisions Int 2 Even 2 s I s 10 4

146 Top End Cap outer layer thickness (in.) Real 12 001 s X s 2000 0,
147 Top End Cap outerlayer material Name 8 List from *.STM SS3N
148 Top End Cap outer layer mesh divisions Int 2 Even 2 s I s 10 2

149-150 Unused at this time

Cask Bottom End Can Snecifications

Record Description Type Length Restrictions Default

he following 3 records are for Solid Bonom End Caps (1 layer)
151 Bottom End Cap thickness (in.) Real 12 .001 s X s 2000 0,
152 Bottom End Cap material Name 8 List from *.STM SS3N
153 Bonom End Cap mesh divisions Int 2 Even 2 s I s 10 4

The following 10 records are for Laminated Bottom End Caps (1-3 layers)
154 Bonom End Cap inner layer thickness (in.) Real 12 - 0, s X s 2000 0.
155 Bottom End Capinner layer material Name 8 List from *.STM SS304
156 Bonom End Cap inner layer mesh divisions Int 2 Even 2 s I s 10 7.

157 Bottom End Cap shield thickness (in.) Real 12 0. s X s 2000 0.
158 Bottom End Cap shield length (in.) Real 12 0. s X s 2000 0.
159 Bottom End Cap shield material Name 8 List from *.SHM LEAD
160 Bottom End Cap shield mesh divisions Int 2 Even 2 s I s 10 4
161. Bottom End Cap outer layer thickness (in.) Real 12 .001 s X s 2000 0.
162 Bottom End Cap outer layer material Name 8 List from *.STM SS304
163 Bottom End Cap outer layer mesh divisions Int 2 Even 2 s I s 10 2

164-167 Unused at this time

O
E-12 version 2a
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t

Cask Closure Bolts Information

Record Description Type Length Restrictions Default
168 Closure tdtcircle radius (in.) - Real 12 .001 s X s 2000 0."
169 Number of closure bolts Int 2 I s Is 99 0-'

170 Diameter of closure bolts (in.) Real -12 .001 s X s 10 0,

171 175 Unused at this time

Cask Neutron Shield / Water .incket Snecifications

Record - Description
_

Type Length Restrictions Default
176 Neutan shield / Water Jacket length (in.) Real 12 0.s X s 2(0 0 0.
177 Neutron shield thickness (in.) Real _ 12 0, s X s 2(00 0.
178 Neutron shield material Name 8 List from *.NSM I!20 CONY
179 Neutron shield mesh divisions Int 2 2 sis 9 1

180 Waterjacket thickness (in.) Real 12 0, s X s 2000 0.
181 Waterjacket material Name 8 List from * WJM SS304
182 Waterjacket mesh divisions Int 2 2 sis 9 1

183-185 Unused at this time -

- O]
' Cask Too Imnact Limiter Soccifications

Q
Record Description Type Length Restrictions Default
'186 Toplimiter outerradius Real 12 .001 s X s 2000 0.
187 . Top limiter centerline thickness (in.) Real 12 .001 s X s 2000 0.
188 Top limite centerline mesh divisions int 2 2 s I s 10 4
189 Top limiter overhang thickness (in.) Real 12 0, s X s 2000 0,
190 Top limiter overhang mesh divisions Int 2 2 s I s 10 3

i191- Toplimiter material Name 8 List from *.ILM POLYFOAM

192 195 Unused at this time

,.

Cask- Bottom Imnact Lir' iter Snecifications

Record Description Type Length Restrictions Default
1% Bottomlimiterouterradius Real 12 .001 s X s 2000 0.
197 Bottom limiter centerline thicknes- (in.) Real 12 .001 s X s 2000 0.

=198 : Bottom limiter centerline mesh divisions Int 2 2 s I s 10 4
199 Bonom limiter overhang thickness (in.) Real - 12' O. s X s 2000 'O.

'200 Bonom limit r overhang mesh divisions Int 2 2 s I s 10 3e

201 Bonorn limiter nnterial Name 8 List from *.1LM POLYFOAM

202-205 Unused at this time

Od. -
Version: 2a E-13
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Cask imonet Model Specifications

Record Description Type Length Restrictions Default
206 Number of etements for Id model Int 2 3 s I s 20 4

207 Top limiter weight (lbs) Real 12 0sX 0.
20S Bottom limiter weight (lbs) Real 12 0sX 0.
209 Define model with user properties ? List 1 Y or N N
210 Shell translational mass (Ib-sec"2/in.) Real 12 POSITIVE 0,

211 Shell rotational mass Ob-sec"2-in.) Real 12 POSITIVE 0.
212 Shellinside length (in.) Real 12 POSITIVE 0.

213 Shell composite E*1 Ob-in."2) Real 12 POSITIVE 0,

214 Shellcomposite A*E(Ib) Real 12 POSITIVE 0.

215 Top End translational mass Ob-sec"2/in.) Real 12 POSrrlVE 0.

216 ' Top End rotational mass (Ib-sec"2-in.) Real 12 POSITIVE 0.

217 Bottom End translational mass Ob.sec'*2/in.) Real 12 POStrIVE 0.

218 Bonom End rotational mass Ob-sec**2/in.) Real 12 POStrIVE 0.

219 Characteristic cross-section (in.) Real 12 POSITIVE 0.

220 Unused at this time

Thermal Transient Analysis Control Parameters

NOTE: These parameters cannot be modified using the EDITOR

Record Description Type Length Restrictions Default
221 Allow phase change ? List 1 Y or N N
222 Print output interval (min) Real 12 10 s X s 3603 0.

223 Plot output interval (min) Real 12 2 s X s 30 5.

224 Use variable time' step 7 List 1 Y or N N

225 Iteration convergence tolerance Real 12 .001 s X s .1 .001

226 lieration relaxation parameter Real 12 .3 s X s 1. 1.

227 Maximum allowable time step (min) Real 12 5 s X s 30 30.

228 Maximum allov'able temperature change ('F) Real 12 25 s X s 50 100.

229 Time step modification factor Real 12 2sXs6 2.

230 Fixed time step size (min) Real 12 .25 s X s 5 .5

O
E-14 version: 2a
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Impact Limiter Force-Deflection Curves Database

Purpose: Contains all limiter force-deflection curve specifications
Used by: IMPACT,DATACK
Created by: EDTIDR
Modified by: EDITOR

- Record Length: 12

NOTE: Record types am as follows:
Real = Real Number
Int = Integer Number
Char-- = Character string
List = Single Character which must match specific choices
Name = Value is selected from a file name list

Header

: Record - Description Type Length Comments
-1 ScansId: Must te ' Scans !mi'
2\<

- 31 -

4 |- Datalase name Char - 60(,) 5|
N_/ 6/

.

.

.

8 File creation date Char 8 Form 'mm/d#yy*
'9- File creation time- Char 8 Form 'hh:mm:ss'

.10- Editor code name Char -8 Echtor-
11 Editor version no. Char - 3 2.1

_

12 - Editor compile date Char 8 Form 'mm/dd/yy*-,

:13 - - Limiter template file name Char 12 Limiter.edt
14 ~ Unused at this time -
15- Data file status Char 12- ' Complete' or ' Incomplete'-
16 P ge 1 mod date PGACC, PGREQ Char 811 Form 'mm/dd/yy AR'-

:17 Page 2 mod date, PGACC, PGREQ Char _811 Form 'mm/dd/yy AR'

. NOTE: See TEMPLATE for definition of PGACC & PGREQ

-45 _ Page 45 mod date. PGhCC, PGREQ Char 811 Form 'mm/dd/yy AR'

Imnact Limiter Uniondine Snecification

Record Description Type Length Restrictions Default
- .48 . - Type of limiter unloading

.
List- 1 . N or U or C N

49 -User unloading slope (kips /in.) Real 12 POSITIVE 0.

O_
version: 2a . E-15
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Bottom Impact Limiter Curve for a 0 Degree Impg1

Record Description Type Lengih Restrictions Default
50 is this limiter defined ? List 1 Y or N N
51 DeGection #1 (in.) Real 12 POSmVE 0,

52 Forte #1 (kips) Real 12 POSmVE 0.

53 Deflection #2 (in.) Real 12 POSmVE 0.

54 Force #2 (kips) Real 12 FOSmVE 0,

55 Deflection #3 (in.) Real 12 0. s X 0.

56 Force #3 (Lips) Real 12 0. s X 0.

57 Deflection #4 (in.) Real 12 0, s X 0.

58 Force #4 (kips) Real 12 0sX 0.

59 Deflection #5 (in.) Real 12 0, s X 0.

60 Forte #5 (kips) Real 12 0. s X 0.
61 Deflection #6 (in.) Real 12 0. s X 0,

62 Force #6 (Lips) Real 12 0. s X 0.

63 DcDection #7 (in.) Real 12 0, s X 0.

68 Force #7 (kips) Real 12 0. s X 0.

65 Deflection #8 (in.) Real 12 0. s X 0.

66 Forte #8 (kips) Real 12 0. s X 0,

67 Deflection #9 (in.) Real 12 0. s X 0.

68 Force #9 (kips) Real 12 0. s X 0.

69 Deflection #10 (in.) Real 12 0. s X 0.

70 Force #10 (kips) Real 12 0. s X 0.

71 74 Unused at this time

Bottom Imonet Limiter Curve for a 15-Degree Imnact

Record Description Type Length Restrictions Default
75 is thislimiter defined ? List 1 Y or N N

76 Denection #1 (in.) Real 12 POSmVE 0.

77 Force #1 (kips) Real 12 POSmVE 0.

78 DeDection #2 (in.) Real 12 POSmVE 0.

79 Force #2 (kips) Real 12 POSmVE 0.

80 DeDection #3 (in.) Real 12 0, s X 0.

81 Force #3 (kips) Real 12 0sX 0.

82 Deflection #4 (in.) Real 12 0. s X 0,

83 Force #4 (kips) Real 12 0. s X 0.

84 Deflection C (in.) Real 12 0. s X 0.
85 Force #5 ' kips) Real 12 0, s X 0.

86 Deflection #6 in.) Real 12 0. s X 0,

87 Force #6 (tips) Real 12 0, s X 0.

88 Deflection #7 (in.) Real 12 0,s X 0.
89 Force #7 (kips) - Real 12 0.s X 0.

90 Deflection (in.) Real 12 0. s X 0."

91 Rxte #8 (kips) Real 12 0. s X 0.
92 Deflection #9 (in.) Real 12 0. s X 0.

93 Force #9 (kips) Real 12 0. s X 0.

94 Deflection #10 (in.) Real 12 0, s X 0.

95 Force - #10 (kips) Real 12 0. s X 0.

96-99 Unused at this time

E-16 version: 2a
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Bottom Imnact Limiter Cur e for a 30 Decree Imoact

Record Description Type Length Restrictions Default
100 1s thislimiter defined ? List 1 Y or N N
101 Deflection #1 (in.) Real 12 POSITnT 0.
102 Force #1 (kips) Real 12 POSITnT 0.
103 Deflection #2 (in.) Real 12 POSITIVE 0.
104 Forte #2 (kips) Real 12 POSITIVE 0. -

,
105 Deflection ~ #3 (in.) Real 12 0. s X 0.
106 Force #3 (kips) Real 12 0, 5 X 0.
107 DcDection #4 (in.) Real 12 0. s X 0.
108 Forte #4 (kips) Real 12 0. s X 0.

~

109 Deflection #5 (in.) Real 12 0. s X 0.
110 Force #5 (tips) Real 12 0. s X 0.
I11 Deflection #6 (in.) Real 12 0. s X 0.
I12 Force #6 (kips) Real 12 0. s X 0.
I13 Deflection #7 (in.) Real 12 0. s X 0.
114 Forte #7 (kips) Real 12 0. s X 0.
115 Deflection #8 (in.) Real 12 0. s X 0,
116 Force #8 (kips) Real 12 0. s X 0.
117 Deflection #9 (in.) Real 12 0. s X 0. >

118 Force #9 (kips) Real 12 0. s X 0.
I19 Deflection #10 (in.) Real 12 0, 5 X 0.
120 Force #10 (kips) Real 12 0, s X 0.(o) 121-124 Unused at this time

,

v

Bottom Imnact Limiter Curve for a 45 Deeree Imnact

Record Description Type Length Restrictions Default
125 1s this limiter defined 7 List 1 Y or N N
126 Deflection #1 (in.) Real 12 POSTTWE 0.
127 Force #1 (kips) Real 12 POSITWE 0.
128 Deflection #2 (in.) Real 12 POSITWE 0.
129 Force #2 (kips) Real 12 POSTTNE 0.
130 Deflection #3 (in.) Real 12 0, s X 0.
131 Force #3 (kips) Real 12 0. s X 0.
132 Deflection #4 (in.) Real 12 0. s X 0.
133 Force #4 (kips) Real 12 0. s X 0.
134 Deflection #5 (in.) Real 12 0. s X 0.
135 Force #5 (kips) Real 12 0, s X 0.
136 Deflection #6 (in.) Real 12 0. s X 0,
137 Force #6 (kips) Real 12 0. s X 0.
138- Deflection #7 (in.) Real 12 0. s X 0.
139 Force #7 (kips) Real 12 0. s X 0.
130 Deflection #8 (in.) Real 12 0. s X 0.
141 Force #8 (kips) Real 12 0. s X 0,
142 Deflection #9 (in.) Real 12 0. s X 0.
143 Force #9 (kips) Real 12 0. s X 0.

{Q
j 144 Deflection #10 (in.) Real 12 0sX 0.

145 Force #10 (kips) Real 12 0. s X 0.
146-149 Unused at this time

+
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Bottom Imonet Limiter Curve for a 60-Degree Imonet

Record Description Type Length Restrictions Dcfault
150 1s thislimiter defined 7 List 1 Y or N N
151 Deflection #1 (in.) Real 12 POSITIVE 0.

152 Face #1 (kips) Real 12 POSITIVE 0.

153 Deflection #2 (in.) Real 12 POSITIVE 0.
154 Face #2 (kips) Real 12 POSITIVE 0.

155 Deflection #3 (in.) Real 12 0, s X 0,

156 Face #3 (kips) Ret.1 12 0. s X 0.

157 Deflection #4 (in.) Real 12 0. s X 0.

158 Foce #4 (kips) Real 12 0. s X 0.

159 Deflection #5 (in.) Real 12 0. s X 0

160 Fme #5 (kips) Real 12 0, s X 0,

161 Deflection #6 (in.) Real 12 0. s X 0,

162 Fore #6 (kips) Real 12 0. 5 X 0.
163 Deflection #7 (in.) Real 12 0. s X 0.

164 Fore #7 (kips) Real 12 0. s X 0,

165 Deflection #8 (in.) Real 12 0. s X 0.

166' Force #8 (kips) Real 12 0. s X 0.

167 Deflection #9 (in.) Real 12 0. s X 0.
168 Force #9 (kips) Real 12 0. s X 'O .

169 Deflecuan #10 (in.) Real 12 0. s X u.

170 Force #10 (kips) Real 12 0. s X 0.

171 174 Unused at this time

Bottom Imonet Limiter Curve for a 75 Decree Imoact

Type Length Restrictions DefaultRecord Description _
List 1 YorN N175 1s thislimiter defined ?

176 Deflection #1 (in.) Real 12 POSITIVE 0.

177 Forte #1 - (kips) Real 12 POSITIVE 0.

178 Deflection #2 (in.) Real 12 POSITIVE 0.
179 Force #2 -(kips) Real 12 IOSITIVE 0.

180 Deflection #3 (in.) Real 12 0. s X 0.

181 Force #3 (kips) Real 12 0sX 0.

I82 Deflection #4 (in.) Real 12 0. s X 0.

183 Forte #4 (kips) Real 12 0. s X 0.

184 Deflection #5 (in.) Real 12 0. 5 X 0.

I85 Fuce #5 (kips) P.eal 12 0. s X 0.

186 Deflection #6 (in.) Real 12 0. s X 0.

187 Force #6 (kips) Real 12 0. 5 X 0.

188 Deflection #7 (in.) Real 12 0. s X 0,

189 Forte #7 (kips) Real 12 0. s X 0.

190 Deflection #8 (in.) Real 12 0. s X 0.

191 Force #8 (kips) Real 12 0. s X 0.

192 Deflection #9 (in.) Real 12 0. s X 0.

193 Force #9 (kips) Real 12 0sX 0.

194 Deflection #10 (in.) Real 12 0. s X 0.

195 Force #10 (kips) Real 12 0. s X 0.

196-199 Unused at this time
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Bot!om Impact Limiter Curve for n 90 Decree Imnact

Record Description Type Length Restrictions Default
200 is th s limiter defined ? List 1 Y or N N
201 Deacetion #1 (in.) Real 12 POSmVE 0.
202 Fme #1 (kips) Real 12 IOSmVE 0.
203 Deflection #2 (in.) Real 12 IOSmVE 0.
204 Force #2 (kips) Real 12 IOSmVE 0,
205 DeDection #3 (in.) Real 12 0, s X 0.
206 Fme #3 (tips) Real 12 0, s X 0.
207 DeDection #4 (in.) Real 12 0, s X 0,
208 Force #4 (kips) Real 12 0. s X 0. j
209 DeDection #5 (in.) Real 12 0. s X 0.

|210 Fme #5 (kips) Real 12 0. s X 0. '

211 DeDection #6 (in.) Real 12 0. s X 0.
212 Rxte #6 (tips) Real 12 0. s X 0.
213 Deflection #7 (in.) Real 12 0. s X 0.
214 Fme #7 (kipt) Real 12 0. 5 X 0.
215 Deflection #8 (in.) Real 12 0. 5 X 0.
216 Fme #8 (kips) R al 12 0. s X 0.
217 Deflection #9 (in.) Real 12 0. s X 0.
218 Fwe #9 (kips) Real 12 0, 5 X 0.
219 Deflection #10 (in.) Real 12 0, s X 0.

n 220 Force #10 (kips) Real 12 0. s X 0.
j 221-224 Unused at this time;

v

Bottom 1monet Limiter Curve for a C.G. Decree Imnact

Record Description Type Length Restrictions Default
225 1s this limiter defined ? List 1 Y or N N
226 DeDection #1 (in.) Real 12 POSmVE 0.
227 Force #1 (kips) Real 12 IOSmVE 0,
228 DeDection #2 (in.) Real 12 IOSITIVE 0.
229 ftxte #2 (kips) Real 12 IOSITIVE 0.
230 Deflection #3 (in.) Real 12 0. s X 0.
231 Force #3 (kips) Real 12 0. s X 0.
232 Deflection #4 (in.) Real 12 0, s X 0.
233 Face #4 (kips) Real 12 0. s X 0,
234 Deflection #5 (in.) Real 12 0. s X 0,
235 Force #5 (kips) Real 12 0. s X 0.
236 Deflection #6 (in.) Real 12 0. s X 0.
237 Force #6 (kips) Real' 12 0. s X 0.
238 Denection #7 (in.) Real 12 0. s X 0.
239 Force #7 (kips) Real 12 0. s X 0,

230 Deflection #8 (in.) Real 12 0. s X 0.
241 Fortc #8 (kips) Real 12 0. s X 0.
242 DeRection #9 (in.) Rc2] 12 0. s X 0.

[_
243 Forte #9 (kips) Real 12 0, s X 0.

\ 244 DeDection #10 (in.) Real 12 0, s X 0.
( ) 245 Force #10 (kips) Real 12 0. s X 0.

246-249 Unused at this time
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Too Impact Limilgr Curve for n 0-Decree Imoact

Record Description Type Length Restrictions Default
250- Is this limiter defined ? List 1 Y or N N
251 Deflection #1 (in.) Real 12 POSITIVE 0.

252 F<ne #1 (kips) Real 12 POSITIVE 0.

253 DcDection #2 (in.) Real 12 POSITIVE 0. .

254 Force #2 (kips) Real 12 POSITIVE 0.

255 DeGection #3 (in.) Real 12 0. s X 0,

256 Fon:e #3 (kips) Real 12 0, s X 0,

257 DeBection #4 (in.) Real 12 0, s X 0.

258 Force #4 (kips) Real 12 0. s X 0.

259 DcDection #5 (in.) Real 12 0sX 0.

260 Fon:e #5 (kips) Real 12 0. s X 0.

261 Deflection #6 (in.) Real 12 0. s X 0.

262 Forte #6 (kips) Real 12 0, s X 0,

263 Denection #7 (in.) Real 12 0. s X 0.

264 Force #7 (tips) Real 12 0, s X 0.

265 Deflection #8 (in.) Real 12 0, s X 0.

266 Force #8 (Lips) Real 12 0. s X 0,

267 Deflection #9 (in.) Real 12 0. s X 0.

268 Force #9 (kips) Real 12 0. s X 0.

269 Deflection #10 (in.) Real 12 0. s X 0,

270 Rrce #10 (kips) Real 12 0. s X 0.

271 274 Unused at this time

10a.Imoact Limiter Cur,e for a 15-Decree Imoact

Record Description Type Length Restrictions Default
275 1s thislimiter defined ? List 1 Y or N N
276 Deflection #1 (in.) Real 12 POSITIVE 0.

277 Rrce #1 (kips) Real 12 POSTTIVE 0.

278 Defketion #2 (in.) Real 12 POSITIVE 0.

279 Force #2 (kips) Real 12 POSITIVE 0.

280 Deflection #3 (in.) Real 12 0sX 0.

281 Force #3 (kips) Real 12 0. s X 0.

282 Deflection #4 (in.) Real 12 0, s X 0.

283 Force #4 (tips) Real 12 0. s X 0.

284 Deflection #5 (in.) Real 12 0. s X 0.

285 Force #5 (kips) Real 12 0. s X 0,

286 Deflection #6 (in.) Real 12 0. s X 0,

287 Force #6 (kips) Real 12 O. s X 0.

288 Deflection #7 (in.) Real 12 0. s X 0.

289 Force #7 (kips) Real 12 0. s X 0.

290 DeGection #8 (in.) Real 12 0. s X 0.

291 Force #8 (tips) Real 12 0. s X 0.

292 Deflection #9 ' (in.) Real 12 0. s X 0,

293 Force #9 (kips) Real 12 0. s X 0,

294- Deflection #10 (in.) Real 12 0. s X 0.

295 Force #10 (kips) Real 12 0. s X 0.

296-299 Unused at this time
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Appendix E
y^ Program Reference

,-s

Too Imonet Limiter Curve for.a 30 Devree Imnact

Record < Description Type Length Restrictions Default *

300 _ 1s this limiter defined ?- List I Y or N N
301 Deflection - #1_ (in.) Real 12 IOSmVE 0,

-302 Force #1 - (kips) Real 12 IVSITIVE 0,
303 Deflection #2 _ (in.) Real 12 POSITIVE 0..

304 Face #2 (kips) Real 12 POSmVEO.
305 Deflection - #3 (in.) Real 12 0. s X 0.
306 Force #3 (kips) Real 12 0, s X 0.
307 Deflection - #4 (in.) - Real 12 0. s X 0,
308 Tm e #4 (kips) Real 12 0. s X 0.
309 Deflection #5 (in.) Real 12 0. s X 0.
310 Tme -#5 (kips) Real 12 0. s X 0.
311- Deflection #6 (in.) Real 12 0, s X 0.
312 Force #6 (Lips) Real 12 0, s X 0.
313 Deflection #7 . (in.) Real 12 0, s X 0.

_

314 Fou #7 (kips) Real 12 0. s X 0.
315 Deflection ' #8 -. (in.) Real 12 0. s X - 0.
316_ Fm e #8 ;(kips) Real 12 0. s X 0,
317 Deflection #9 . (in.) Real 12 0. s X 0.
318 - Force #9 (kips) Real 12 0sX 0.
319 Deflection #10 (in.)_ ha! 12 0. 5 X 0.
320' Force #10 (kips) Rea; 12 0. s X 0.

- 321 324 - Unused at this time

Too Imnaci Limlier Curve fgo,,M, Decree Imonet

Record Description Type Length Restrictions Default
325 1s this limiter defined t: List 1 Y or N N
326 Deflection #1 '(in.) - Real 12 POSmVE 0.
327 Force #1 (kir Real 12 POSITIVE 0.
328 - _ Deflection ' #2 (in. Real 12 POSITIVE 0.
329 - Force ! #2 -- (11. Real. 12 - POSITIVE 0.

t

330- Deflection #3 (in.) Real 12 0, s X 0.-
331 - . Fotre- #3 (kips) Real' 12 0sX 0.
332 Deflection E #4 ~: (in.) Real =12 0, s X 0,
333 - Forte #4 (kips)- Real - 12 0, s X 0., , ~ ~

_.#5 - (in.) Real 12 O. s X 0.334 Deattion
|45 Ts .e . #5 - - (kips) - Real 12 0. s X 0.
336 Deflection #6 (in.) Real 12 0, s X 0.
337' Corce #6 (kips) Real 12 0. s X 0.
3- 1>eflection - #7 (in.) Real 12 0. s X 0.
339 Fame #7 (kips) Real 12 0, s X 0,
330, Deflection: #8 ' - (in.) Real 12 0. s X 0.
341- Force #8 - (kips) . - Real 12 0. s X 0.
342 ~ Deflection #9 (in.) Real 12 - 0. s X 0,
343 ' Force #9_- (Lips) Real 12 0. s X 0.
344 Deflection - #10 (in.) Real 12 0. 5 X 0,
345 Force #10 (kips) Real - 12 0. s X 0.

346 349 Unused at this time

Version: 2a E-21
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Top impact Limiter curve for a 60.Deeree Imonet

Record Description Type Length Restrictions Default
350 1s thislimiter defined 7 List ! Y or N N
351 DeDection #1 (in.) Real 12 POSmVE 0.
352 Force #1 (kips) Real 12 POSmVE 0.
353 Deflection #2 (in.) Real 12 POSmVE 0.
354 Fon:c #2 (kips) Real 12 POSmVE 0.
355 DeDection #3 (in.) Real 12 0. s X 0,

356 Force #3 (kips) Real 12 0. s X 0.
357 DcDection #4 (in ) Real 12 0. s X 0,

358 Rne M (kips) Real 12 0. s X 0.
359 Deflection #5 (in.) Real 12 0. s X 0.
360 Force #5 (kips) Real 12 0. 5 X 0,

361 Defle.: tion #6 (in.) Real 12 0. s X 0.

362 Force #6 (kips) Real 12 0, s X 0.

363 Dc'.lection #7 (in.) Real 12 0. 5 X 0.
3M Rsce #7 (kips) Real 12 0. 5 X 0.

365 Deflection #8 (in.) Real 12 0. 5 X 0.
366 ' Force #8 (kips) Real 12 0. s X 0.
367 DcDection e9 (in.) Real 12 0. s X 0.
3ti8 Force #9 (kips) Real 12 0. s X 0.
369 Denection #10 (in.) Real 12 0. s X 0.
370 Force #10 (kips) Real 12 0. s X 0.

371 374 Unused at this time

Is.g imoact Limiter Curve for a 75 Deeree Impact

Record Description Type Length Restrictions Default
375 is this limiter defined ? List 1 Y or N N
376 DeDection #1 (in.) Real 12 POSmVE 0.

3 71 Force #1 (kips) Real 12 POSmVE 0.

37F Deflection #2 (in.) Real 12 POSmVE 0.
379 Force #2 (kips) Real 12 POSmVE 0.
380 Deflection #3 (in.) Real 12 0. s X 0.
381 Force #3 (kips) Real 12 0. s X 0.

382 DeBection #4 (in.) Real 12 0. s X 0.

383 Force #4 (kips) Real 12 0. s X 0.
3S4 DeGection #5 (in.) Real 12 0. s X 0.
385 Force #5 (kips) Real 12 0. s X 0.

386 Deflection #6 (in.) Real 12 0. s X 0,

387 Rxce #6 _ (kips) Real 12 0, s X 0.

388 Deflection #7 (in.) Real 12 0. s X 0.

389 Force #7 (kips) Real 12 0, s X 0.
390 Deflection #8 (in.) Real 12 0, s X 0.
391 Force #8 (kips) Real 12 0. s X 0.

392 Deflection #9 (in.) Real 12 0. s X 0.
393 Force #9 (kips) Real 12 0. s X 0.

394 Deflection #10 (in.) Real 12 0. s X 0,

395 Force #10 (kips) Real 12 0. s X 0.

396-399 Unused at this time
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Top Imnact Iimlier Curve for a 90. Decree Imnact

Record Description Type Length Restrictions Default
400 Is this limiter defined 7 List 1 Y or N N
401 Deflection #1 (in.) Real 12 POSITIVE 0.
402 Force #1 (tips) Real 12 POSITIVE 0.
403 Denecuan #2 (in.) Real 12 POSITIVE 0,
404 Force #2 (kipt) Real 12 POSITIVE 0.
405 Denection #3 (in.) Real 12 0,s X 0.
406 lb.e #3 (kips) Real 12 0. s X 0.
407 Deacetion #4 (in.) Real 12 0, s X 0.
408 Force #4 (kips) Real 12 0. t X 0.
409 Deflection #5 (in.) Real 12 0sX 0.
410 Force #5 (kips) Real 12 0, s X 0,
411 DeDection #6 (in.) Real 12 0. s X 0.
412 Fuce #6 (kips) Real 12 0. s X 0.
413 DeDection #7 (in.) Real 12 0. s X 0.
414 Force #7 (kips) Real 12 0. s X 0.
415 Deflection #8 (in.) Real 12 0. s X 0.
416 Force #8 (kip;) Real 12 0. s X 0.
417 Deflection #9 (in.) Real 12 0, s X 0.
418 Force #9 (kips) Real 12 0. s X 0,
419 Deflection #10 (in.) Real 12 0. s X 0,
420 Face #10 (tips) Real 12 0. s X 0.(O) 421 424 Unused at this time

J

Ton Imnact I,imiter Curve for a C.G. Deeree Imnact

Record Description Type Length Restrictions Default
425 is this limiter defined ? List 1 Y or N N
426 DeGection #1 (in.) Real 12 POSITIVE 0.
427 Force #1 (kips) Real 12 POSITIVE 0.
428 Deflection #2 (in.) Real 12 POSITIVE 0,
429 Force #2 (kips) Real 12 POSITIVE 0.
430 Deflection #3 (in.) Real 12 0. s X 0.
43i Force #3 (kips) Real 12 0, s X 0.
:?2 Deflection #4 (in.) Real 12 0.s X 0.
4M Face #4 (kips) Real 12 0. s X 0,
434 Deflection #5 (in.) Real 12 0. s X 0.
435 Force #5 (kips) Real 12 0. s X 0.
436 DeDection #6 (m.) Real 12 0. s X 0.
437 Force #6 (kips) Real 12 0. s X 0.
438 Deflection #7 (in.) Real 12 0 s X 0.
439 Force #7 (kips) Real 12 0. s X 0.
430 DeDection #8 (in.) Real 12 0, s X 0.
441 Force #8 (kips) Real 12 0. s X 0.
442 Deflection #9 (in.) Real 12 0, s X 0.
443 Force #9 (kips) Real 12 0. s X 0.(,_ ) 444 Deflection #10 (in.) Real 12 0.s X 0.

\ ) 445 Force #10 (kips) Real 12 0. s X 0.
446-450 Unused at this time

Version: 2a E-23
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Finite Element McSh Node Database

Purpose: Contains all Finite Element mesh nodes, all boundary specifications
Used by: TOPAZ, SAPRESS
Created byi MSHDSP
Record Length: 65

NOTES:

1. Node / element lists are defined by number of first node / element, number of additional
nodes / elements, and increment between nodes / elements.

2. Surface segment lists are defined by first node pair, number of additional segmetas and
increment between node p q.

3. Slideline surfaces defined by f.rst node,last node, and ir,erement between node identified
by positive length oflist. Slideline surfaces defined by list of nodes, separated by commas
identified by negative length oflist.

4. FORTRAN read / write format for each data item follows the description.

Hender

Record Description (format)
1 Scan.ild. ' Scans geo' [9all
2 Title [65al]
3 Date of Mesh Generation [9alJ
4 Time of Mesh Generation [9al)
5 Geomeuy DB Basic Dimensions Filename [12al]

6-10 Unused at this time

Node Control Data

Record Description (formail
11 Number of Nodes (thennal) [i6)
12 Number of Nodes (suess) (i6]

; 13 21 Unused at this time

!

<

O
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p: Prograin Reference
k}

~

: Slide Line Control Data Qata

Record Description [formar]
- 22 Number of Slidelines [i6]

23 TotalNumberof Slave Nodes - [i6]
24 - Total Number of Master Nodes [i6]
25 ' Number of Slave Nodes in Slideline 1 [i6]
26 Number of Master Nodes in Slideline 1 [i6]
26 Number of Slave Nodes in Slideline 2 [i6)
28 Number of MasterNodes in Slideline 2 [i6]

29 : Unused at this time

Boundary and Initial Conditions Control Data Data

- Record . - Description (format]
-30 Number of Elements with Heat Generation - [i6]
131; _ Number of Nodes with Non Zero Temperature Irdtial Conditions [i6]
32 Number of Nodes with Temperature Boundary Conditions - [i61

=33 : Number cf Cavity Boundary Segments -
'

[i6],

; 34 -- Number of Outer Boundary Segments (Sections 2,3,4 Limiter) [i61 !

_

- .
. ;

35 Number of Outer Boundary Segments (Section 2. Limiter Top ) [i61
,

|

' 36 -- Number of Outer Boundary Segments (Section 3 Limiter Side) [i6]!- 137 Number of Outer Boundwy Segments (Section 4 Limiter Bot.) .[i61
38_ Number of Outer Boundary Segments (Section 5-H2Olkt. Side) _ [i61:[; .'

39 _ Number of Outer Boundary Segments (Section 6-Limiter Bot. to shell) [i6]l-s 40 - Number of Outer Boundary Segments (Sections 1 >10-All Surf) . [i6]
, ~ 41. . Number of Outer Boundary Segments (Sections 2 >10-Conv Surf) . [i6]
: -42- Number of Outer Boundary Segments (Sections 2->10-Rad Surf) . [i6]

.43 Number of Outer Boundary Segments (Section 7 Limiter side to casi) : [i6),

44- - Number of Outer Boundary Segments (Section 8-NS/WJ top to shell) [i6]*

'45 Number of Outer Boundary Segments (Seetions 9-NSiWJ top) [i6)
46 . Number of Outer Boundary Segments (Sections 10 Cask side) - . [i6]

[- _ 47-50- Unused at this time-

*

Slideline No.1 - Node Descrintion

Reeord . Descriptiot& [ format] '
: 51 .First Slave Node li61
; _52 Last Slave Nods [i6] 1

53 : Increment between Slavt Todes . [i6]
-54~ -. List of Slave Nodes separated by commas (65al] -

*

i1 -55 First Master Node [i6)i $6 ' Last Slave Node -
_

_ [i6)
'

: .571 Increment between Master Nodes (16]-
158 List of Master Nodes separated by commas . [65af]

[--

L
y
:: (,

,n- .-

! .' 4
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Slideline No; 2 Node Descriotion

Record Description (format]
59 First Slave Node [i6)
60 Last Slave Node li6)
61 Increment between Slave Nades [i6)
62 List of Slave Nodes separated by commas [ Mal)
63 First Master Node [i6)
61 Last Slave Node [i6)
65 Increment between Master Nodes [i6)
66 List of Master Nodes separated by commas [ Mal]

List of Elements With IIcat Generation

Record Description (format)
67 First element [i6)
68 Numbe4 of additional element [i6)
69 Increment between elements [i6)

List of Nodes With Non-Zero Temocrnture Initial Conditions

Record Description (format]
70 First node [i6]
71 N;:mber of additional nodes [i6]
72 Increment between nodes [i6)

List of Nodes Temoernture Boundary Conditions

Record Description (format]
73 First node [i6]
74 Number of additional nodes [i6]
75 Increment between nodes [i6)

Cmity Boundary Surfane Seements

Record Description (format]
76 Node A of First Surface Segment [i6)
77 Node B of First Surface Segment [i6)
78 Numberadditiorni segments defined [i6)
79 Ncdalincrement between Node Pairs [i6]

|

@
E-26 venion: 2a



- - - - - --- --

1

Appendix E
(^') Program Reference
'LJ

Outer Boundary Surface Segments (Sections 2.3.4. Limiter)

Record Description (format]
80 Node A of First Surface Segment [i6]
81 Ne' D of First Surface Segment [i6)
82 Nuv>er additional segments defined li6]
83 Nodalincrement betunn Node Pairs [i6]

Outer Boundary Surface Seements (Section 2 Limiter Ted

Record Description (format]
84 Node A of First Surface Segnwnt [i61
85 Node B of First Surface Segment [i6]
86 Number additional segments defined [i6)
87 Nodal isextnent between Node Pairs [46]

Outer Boundary Surface Seements (Section 3 Limiter Side)

Record Description (format]
88 Node A of First Surface Segment [i6]
89 Node B of First Surface Segment [i6)
90 Number additional segments defined [i6)
91 Nodalincrement between Node Pairs [i6)

() Outer Boundary Surface Seements (Section 4 Limiter Bottom)

Record Description (format]
92 Node A of First Surface Segment [i6)
93 Node B of First Surface Segment [i6]
94 Number additional segments define (! [i6]
95 Nodalincrernent between Node Pairs [i6]

_

Outer Boundary Surface Segments (Section 5-Water Jacket Side)

Record Description (format]
96 Node A of First Surface Segment [i6]
97 Node B of First Surface Segment [i6]
98 Number additional segments defm' ed [i6]
99 Nodalincrement between Node Pairs [i6)

Quter Boundary Surface Segments (Section 6-Limiter Bot. to shell)

Record Description (format]
100 Two nodes semrated by a comma [i3. lx, i3]

,,m

w/

Version: 2a E- 2 "i i
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Lligt inner Ilugndary Nodes With fressure Cg3n[[llunS

Record Deticription (format]
101 First node [(6)
102 Numlet of additional nedes [i6]
103 Increment t< tween nodes (Ri]

IIst of Outer Iloundar r Nodes With Pressure Condl1[QD1

Itecord Description (format]
IN First node (s6]
10'; Numter of additionalncxles liS]
106 Increment between nodes [i6)

Outer UpuhJnry Sur.,[gn.Jtements tSection 7 Limiter Side 10._ Cask Toul

itecord Description (format]
107 Two txdes separated by a comma (0,14,43)

Outer 130undary Surface Seements (Section 8 NS/W.I Too to tihell)

llerord Description (format)
108 Two rxMes separated by a comma (d lx, DJ

Quter floundary Surface Segments (Section 9 NS/W.1 Tool

Record Description (format]
109 Node A cf First Surfxe Segment (i6]
I10 Node B of First Surface Segment [ 6]
111 Number additional segments dermed [iol
112 Nodalincrement between Scde Pairs li6]

Outer lipundary Surface Seements (Section 10 Exoosed Cask Side)

Itecord Description (format]
113 Node A of First Surface Segment [i6)
114 Node B of First Surfre segment [io)
115 Number additional segments vermed [i6)

-116 Nodalincrement tuween Node Pairs [i6)
117 120 Unused

Nodal Descrinflon

Record Descripilon (format)
121 Node Coordmates (2 nodes per rrcord for rer.wrder of rile)

i x(i) >(i)i+1 x(1+1) y(i+1) (each record)
lxmat [ (it,1p2el4.7, lx, i4,1p2el4.7 ) ]

O
E-28 version: 2a
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Prograin Reference '

Finite Element Mesh Element Database
Purpose: Contains all Finite Element mesh elements for Thennal and Stress analyses, and

contains names of nuterials for each cask component
Used by: TOPAZ, SAPRESS
Created by: -MSilDSP
Record Length: _ 65

-NOTES:

1. FORTRAN read / write format for each data item follows the description.

llender

Record Description - (format)
1 Scans Id. ' Scans geo' (9al)

-2. Title
_ (65al)

3 Data of Mesh Gerniation [901]
4 Time of Mesh Generauon [9al]
5 Geomeuy Dit Basic Dimensions Filename (12al)

- 610 Unused at this timeO
b' ode Control Data

Record Description (formal)
11 Number of Eternents (stress) NELS - [i6]
12 Numter of Elements (thennal)NELT [i6]
13 Number of Materials . [i6) -

14 Material No.1 ID Shellinner layer [ Sal)
15 Material No. 2 ID Shell shield layer (Sal)
16 _ Materir.1 No 3 ID Shellouter layer - (Sa')
17 - MaterialNo.4 ID End capinner layer (Sal)
18 MaterialNo.5 ID End cap shieldlayer [ Sal]

.

19 Material No.6ID End cap outerlayer (Sal}
20 MaterialNo. 7 ID Neutron shield [ Sal)
21 Material No. 8 ID Waterjaclet [ Sal]
22 - Material No,9 ID Impact limiter 1841)

23 30 Unused at this time

O-
Version: 2a E-29
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Appendix E
l'rogriliil Ilefereiice g
4. Node Flernents For Therrnal Analyses

itecord Description (format)
31 4-Node elemenu (2 per recad) [66.h.6d]

en(n) m(n) 1(n) j(n) k(n) |(n) en(n + 1) m(n + 1) 1(n41) j(n+ 1) L(n+ 1) 1(n+ 1)

9 Node Eleptents For Ef ress Analyses

itecord Description (format]
11 9 Node elements (I per recad) [Ild)

en(n) rn(n) n1(n) n2(n) n3(n) rW3) rd(n) n6(n) n7(n) n8(n) n9(n)

T1e start of 9 node clernenu (ii)is calculated as follows

li = 31 + (NELT+1)/2

O

O
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Appendix E
[] Program Iteference
c

Material Database

Pur ose:
'%p! by: Contain: themul/structum! nuterial properties

MATCK, IMPACT, TOPAZ, S APRESS, S APINirl', DATACK
Crgted bv- EDITOR
? !Ndied by: EDTIT)R
sord Length: 12

NOTE: Recorti types are as follows:
Real = Real Number
Int = IntegerNamber
Char a Charactermaing
List = Single Character which must match specif~ic choices
Name = Value is selected from a file name list

Under

Record Description Type Length Restrictions Default
1 id Must te 'ACASK mat'
2\
31
41 - Database rame Char (O
$1

CT 6/(j 8 File creation data Omr 8 Form 'mrn/dd/yy'* 9 File creation time Ow 8 Fonn 'hh:mm:ss'
10 Editor code name Ctw 8 Edin
11 Editor version no. Ow 3 2.1
12 Editor compile date Om 8 Form 'mm/d&yy
13 Material te.mplate fik name Om 12 material,cdt
14 Unused at this time
15 Data file st.itus Ow 12 ' Complete' or ' incomplete'
16 Page i mod date, PGACC, PGREQ Oct 811 Fonn 'mm/dd/yy AR'
17 Page 2 mod date PGACC, PGREQ On 811 Form 'mmNNyy AR'

.

. NOTE: See TEMPLA1E for definition of PGACC & ICREQ

45 Page 30 mod date,'PGACC, PGREQ Char 811 Form 'mm/ddlyy AR'
46 \

Material name Ow 24 (Nank)
48 "' Unused" *
49 '" Unused'"
50 "' Unused'"

Global Pronerties - Imonet and Teinoerature ILdenendegg

Record Description Type Length Restrictions Default
51 Density (lbmhn."3) Real 12 Positive .1
52 Dramic Young's Modulus (psi) Real 12 Positive 1.
53 Dynamic Poisson's Ratio Real 12 .001sXs.499 .3(N 54 Dpumic Yield Stress (psi) Real 12 0.sX 0.

( ) 55 Dynamic Plastic Modulus (ps0 Real 12 0.sX 0.v 56 Dynamic Ultimate Stress (psi) Real 12 Yield stress EX 0.

Version: 2a E-31
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Progrit!Il Referel100

Record Description Type !.ength Hestriellons Default
57 Dynamic Proportional Stress Limit (pi) Real 12 Yield stress 1X 0.

58 Dpuimic plastic Stress. Strain parameter o (psi)+ Aeal 12 0. sX 0.o

59 Dynamic plastie Stres:-Strain parameter m* Real 12 0.sX 0.
60 "' Unused" '
61 hielt Temperature (19 Real 12 -459.5X 10000.
62 lleatof Fusion (Btu /lbm) Real 12 Posidve 1.

63 trternal heat gereradon (Bru/in."3 min) Real 12 0.sX 0.
M "S Unuwd"'
65 hinterial type Int 1 x=3 3.
66 Numberof temperatures Int i 15X58 1.

67 "'Unued" *
68 '" Unued'"
69 ' " Unut.ed"'
7Q '" Unuwd" *

Temnerature.Denendent Pronertlen

T pe Length Restrictions DefaultRecord Description 3

7i Temperature 1 (F) Real 12 -459.sX 0.
72 Young's biodulus (psi) Real 12 Positive 1.

73 Poisson's Ratio Real 12 .001sXs.499 .3
74 Coefncient of thermal expansion (in/in39 Real 12 0.
75 Thermal conduedvity (Btu /in.rmn 19 Real 12 Positive 1.

76 Specific heat capacity (Bttdbm 19 Real 12 Positive 1.

77 Thermalemissivity for radiation Real 12 0.sXsl. 1.

78 "' Unused"'
79 "' Unused"'
80 " * Unused'"

81 Tempen.ture 2(1) Real 12 +459.sX 0.
82 Young's hiodulus (psi) Real 12 Positive 1.

83 Poisson's Ratio Real 12 .001sXs,499 .3

84 Coefficient of thermal expansion (in/inF) Real 12 0.
85 Thumal conductivity (Bru/in. min F) Real 12 Posidve 1.

86 Specific heat capacity (Bru/lbm F) Real 12 Positive 1.

87 Thermal emissivity for radiadon Real 12 0.sXs1. 1.

88 '" Unuwd" *
89 '" Unused" *
90 '" Unused * * *

91 Temperature 3 (F) Real 12 -459.2X 0.
92 Young's hiodulus (psi) Real 12 Positive 1.

93 Poisson's Ratio Real 12 .001sXs.499 .3
94 Coefficient of thermal expansion (m/inJ9 Real 12 0.

: 95 Thermal conductivity (Htu/in. min F) Real 12 Positive 1.

96 Specific heat capacity (Blu/lbm F) Real 12 Positive 1.
| 97 Thermal emissivity for radiation Real 12 0.sXS1. 1.

98 "' Unused" *
99 * " Unused * * *

100 ' " Unused * "

* e, anJ rn are pararreters in the analyucal espressions, o a c t'" ard a = opto pm + op. of.ich define the dynarnic. stress relabon
of tha stamless steel and lead, respectwely, at suess levels above the proporuanal suess hmit. e is the total surts
correspord:ng to the total suain a; rp is the plastic component of ard o is the proportional stress hnut.p

E 32 venion 2a
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Appendix E
l'regrain Reference

itecord Descripilon Type 1.e n gt h it estrictions Default
91 Tem;rtature 4 (19 Real 12 -459.2X 0.
92 Young's hiodalus (psi) Real 12 Positive 1.
93 Poisum's Ratio Rea 12 .001sXs.499 .3
94 Coefikient of thennal expn. don (in/mF) Peal 12 0.
95 Thermal conductivity (Uttvm. min FJ Real 12 Positive 1.
90 Specific heat caprity (Blu/lbm 1) ReAl 12 Positise 1.
97 1hermal emissivity for radiation Real 12 0.sXs 1. 1.
98 "' Unused * "
99 . " Unused * ''

100 * " Unused"'

101 Temperature 4 (F1 Real 12 -4 59.2X 0.
102 Young's hiodulus (psi) Real 12 Positive 1

103 Poisson's Ratio Real 12 .0015 Xs.499 .3
101 Coeffkient of thermal expansion (in/in 19 Real 12 0.
105 Thennal condxtivity (il:a/in. min F) Real 12 Positive 1.
106 S ecific feat caprity (Btu /lbm 19 Real 12 Positive 1.l
107 1hermal emissivity for radiation Real 12 0.sXs 1. 1.
108 "'Unuse4'"
109 "' Unused'"
110 6" Unused"*

111 Temperature $ (F) Real 12 -459.2X 0.
112 Young's hiodulus (psi) Real 12 Positive 1.
113 Poisson's Ratio Real 12 .041sXs 499 .3
114 Coefficient of hermal expansion (inlin F1 Real 12 0.t
I15 Thermal conductivity (Ilttvin. min F) Real 12 Positive 1.
116 Sgecific hem caprity (Btu /lbrn 19 Real 12 Positive 1.
117 ' Thermal emissivity for radiation Real 12 0.sXs t. 1.
118 '" Unused'"
119 '" Unused" *
120 '" Unused"'

12! Temperature 6(F) Real 12 -4 59.dX 0.
122 Young's hiodulus (psi) Real 12 Positive 1.
123 Poisson's Ratio Real 12 .00lsXs.499 .3
124 Coefficient of thermal expansion (in/in.19 Real 12 0.
125 Thermal condictivity (Utu/in. min f) Real 12 Positive 1.
126 Specific heat caprity (lluvlbm 19 Real 12 Positive 1.
127 Themial emissivity for radiation Real 12 0.sXs 1. 1.
128 '" Unused * "
129 * " Unused"'
130 * " Unused *"

131 Temperature 7 (19 Real 12 -459.2X 0.
131 Young's hiodulus (psi) Real 12 Positive 1.
133 Poisson's Ratio Real 12 .00lsXs.499 .3
134 Cocificient of thermal expansion (infin.19 Real 12 0.
135 Thermal conductivity (Btu /in. min F) Real 12 Positive 1.
136 Specific heat capxity (Illu/lbm 19 Real 12 Positive 1.
137 Thermalemissivity for radiation Real 12 0.sXs1. 1.
138 " * Unused * "
139 '" Unused'"
140 '" Unused" *

Version: 2a E-33
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Appendix E
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.

Record Des cription Type Length Hestrictions Default |
141 Temperature 8(F) Real 12 -4592X 0.
14: Young's Modulus (psi) Real 12 Positive 1.

143 Poisson's Ratio Real 12 .001sXs.499 .3

144 Coefficient of thennal expansion (in/inF) Real 12 0.

145 Thermal conductivity (Dtu/in. min F) Real 12 Positive 1.

146 Specific heat capxity (Blu/lbm F) Real 12 Pos!- l.'

147 Thermalemissivity for ra:iiation Real 12 0.sX 1.

148 "' Unused'"
149 * " Unused * "
150 "' Unused"'

O

O
E-34 version: 2a
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Appendix E
Program Referenice

.

Impact Analysis Plot Database
|

Purpose: Contains time history results for impact Analysis i
Used by: PLTDYN :
Created by: IMPACT '

Record length: 36
;

NOTES-

!
1. FORTRAN read / write fonnat for each data item follows the description. !

2. Maimum number of nodal variables (NVAR)is 8,
If NVAR=3, variables are: !

(1) FORCE, (2) SIIEAR, (3) hiOMENT -

If NVAR=8, variables are:
(1) FORCE, (2) SHEAR, (3) MOMENT, (4) PERM. LEAD SLUMP

- (S) AX1AL STRESS (inner shell), (6) AXIAL STRESS (outer shell) #

. (7) HOOP STRESS (inner shell), (8) HOOP STRESS (outer shell)

Header

Record Description (format] ,

-1 ScansId. 'ScansImp' - [941) -s :
2 Title [hl) !
3 Title (continued) [29all

'

< Control Data

Record . Descripilon (format]
-4 Number of time states (NTS) - [26 /10.0,5)

Numbet of nodcs(NN0DE) ,

Leegth of Cask (CLEN)
- Number of nodal variaNes per node (NVAR)

|

Plot Vpriable Data (repeatfor each time state)

Record - Description (formal]
II . Time, X(bottom),Y(bottom) [3/12.0)

11+1 Angle, X(top),' .Y(top) [3/12.0)
*

11+2 Node i Variables [(3/12.0)]
'

jj Nodel Variables . [(3/12.0)) -

' Nod $ h' ODE Variables ((3/12.0))kk N

!' Start of time history for any node N: jj m 7 + (N.1)*((NVAR+2V3)
j: _ Increment between time states for node: inc = 2 + NNODES*((NVAR+2)/3)

1

version: 2a E-35
,
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Appendix E
gProgram nererence

Thennal Analysis Plot Database

Purpose: Contains Finite Element mesh elements for Thennal and Stress analyses. Also
contains nemtal Analysis results (nodal temperatures)

Used by: POSTPZ, SAPINPT
Created by: TOPAZ
Itecord length: 65

NOTES:

1. I:OltTRAN read / write fonnat for each data item follows the description.

2. Number of states is 2 for steady state and is greater than 2 for transient.

3. Maximum number of model global variables is 5.

4. Maximum number of material global variables is 5 for each material.

5. Maximum number of nodal distribution variables is 5.

6. Global variables can be maximums, minimums, averages, etc.

IIcader

Itecord Description (format]
1 Scans Id. ' Scans tpp' [9all
2 Title [65al)
3 Date of Analysis [95.1)
4 Time of Analysis [9al)
5 Geometry DB Basic dimensions filename [12al]

6-10 Unused at this time

Control Data

Record Description (format]
11 Number of Nodes (thermal) [i6) NODT
12 Number of Nodes (stress) [i6) NODS
13 Numter of Elements (thermal) [i6) NELT
14 Numter of Elements (stress) [i6) NELS
15 Numter of Materials [i6) NMAT
16 Material No.1 ID Shellinner layer (afl
17 Material No. 2 ID Shell shield layer [a9
18 Material No. 3 ID Shellouter layer [a9
19 MaterialNo.4 ID End cap inner layer la9
20 Material No,3 ID End cap shield layer [a9
21 Materia! No. 6ID End cap outer layer [a9
22 Material No. 7 ID Neutron shield [a9
23 Material No. 8 ID Water jacket [a9
24 Material No. 9 ID Impact limiter [a9

|

E-36 version: 2a
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o Progrtilli Referefice
(G)

Cmttrul Data (continued)

Record Deserlption (formur)
25 Unused at this time
26 Number of Time States [se) NTS
27 Madmum time of analysis (f12.0]
28 Madmum teroperature, state numter, time (f/2.0.fo//2.0129 Minimum pcssure, state numter, time

Maximum pressure, state numter, tirne (?(f/2.0.16/12.01)
30 Numter of Model Global Variables (i01 NUMOV
31 Numles of Material Glotal Variables li6] NUMMY
32 Number of Nodal Distribution Variables (46] NUMNV
33 Unused at this time

Variable Descrintors

Record Description (format]
34 Tirne Descriptor and units [2al21
35 Length Descrigor arul units [2al21
36 ModelOk>bal Var i Descriptor/ units [?al2|
37 M(del Global Var 2 Desenptor/ututs (2a/21
38 ModelGlobal Var 3 Descriptor/ units (2al2]
39 Model Olobal Var 4 Degriptor/ units [2al2)
40 Model0kital Var 5 Descriptor/ units [2al21
41 Material Olobal Var i Dewriptor/ units (2al21

(]
/ 42 Material Olotal Var 2 Dewriptor/ units (2al21

43 Material Global Vur 3 Descriptor/ units (2a/2)'
44 Material Glolol Var 4 Descriptor/ units (2al21
45 Material Olobal Van 5 Desenptor/ units [2al2]
46 Nodal Variable 1 Descriptor/ units [2al2]
47 Nodal Variable 2 Descriptor/ units [2al?)
48 Nodal Variable 3 Descriptor/ units (2al21
49 Ncatal Vartable 4 Desenptor/ units (2a/2)
50 Nodal Variable 5 DescriptorAmits (2a/2)

Nodal Desedution (
Record Description (formar]

5i Node Caudinates (2 nodes per record) (id,2/14.0,lx,if,2/14.0]
I x(i) y(i)1+1 x(i+1) y(1+1) (each record)

1.Nodl;llunents for Thermni Analyses
*

Record Description (farmar]
li 4-N(de elements (2 pes record) (60,5x,68)

en(n) m(n)i(n)j(# L(n)l(n)
en(n+ 1) m(n + n 1(n + 1) j(rp I) LIn + 1) 1(n+ 1)

Tie start of 4. node elements (ii) is calculated as follows:
11 = 51 + (NODT+1)/2

b
Version: h E 37
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Appendix E |

Progrilln Reference

9. Node Eternents for ThtEntal Stress Annitses

Record Description (format}
h 9-Node elements I clement per record (110]

en(n) m(n) nl(n) n2(n) r0(n) n4(n) n5(n) n6(n) n7(n) n8(n) n9(n)

The start of 9-node elements @ is calculated as follows:
1) = 11 + (NELT+ 1)/2

Plot Vorlable Data (repeatfor cach time Jiatej

Herord Description (formal]
Lk Time for state (f)2.0J

The stan of state data is calculated as follows:
kk = h + NELS

11 NUMOV model global variables 1 per secord (f/2.01
Model Yanable 1 = Matima temperature
Mod 1 Variable 2 = Maximum pressure

T: e start of mcxlet global variables is calculated as follows:
ll= Lk + 1

mm NUMMV materialgichal variables (3/12.0)
Exh material variable is entered for all snateriah
Mynber of records for each variable is (NM AT+4)/5

The stan of material global variables is calculated as follows:
um a Lk + 1 + NUMGV

r.n NUMNV nadal variables 5 nodes in reconi 15/12.0)
Nmhl Variable 1 = Nodal temferature
Nodal Vanable 2 = Noual flux in skhal X direction
Nadal Variable 3 = Nodal flux in glebal Y direction

The stan of a rxxial variaNe is calculated as follows:
nn = kk + 1 + NUMOV + NUMMV'(NMAT+4)/5 + I,NV 1)"(NODTW)/5

where NV is the nodal variable numter

Length of state is calcuhted as follows:
LEN = 1 + NUMGV + NUMMV'(NMAT4V5 4 NUMNV'(NODT4)/5 3

;

|

@
|

|

| E-38 vusion: a
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('
Description of Editor Templates

The SCANS editor uses a scmplate to describe the editor pages and how data values are
saved in the data sets. The template is a random access ASCil file. It is divided into three
sections: control information, page headers, and descriptions of each editor page. The record
length for the template is 150. The fonnat of the template and the function of ten: plate parameters
are described below,

Control Information

llecord Description (format]
1 Seas Id 'Seans edt' [9al)
2 Name of the Teniplate (Mal)
3 Date of last modification [20al)
4 RECTOT, PAGTOT, TRECL, M AXREC, RECLN (Si6)

w here REC 70T = Numter of records in the template tile
PAGTOT = Numter of editor pages
TRECL = Template file recrvd lengdi(unttsed)
MAXREC = Number of records to create in data file
RECLN = Data file record length

5 FOR17 TAN read fonmit for txxj of template [al27]y

PaFe irenders

Record Variable Columns Format Comments
6 IIDPGNO 13 13 Sequential page numter (unitsed)

PAGNUM 5-7 A3 Page number displayed with editor page
f0NAME 9 53 A45 Page identification line (end with 9
NPRECS 55 57 13 Numter of records used to describe this page

(If NPRECSc0, then this editor page is a copy of
page IAB5(NPRECS))

PGACC 70 Al Page access flag (reported m data file header)
(Y=page always on, oderwise toggle A=on, N=off)

PGREQ 72 A1 Required access 11ag (reported in data file)
(R-page must be accessed. O= optional access)

CBYIGil 74 75 12 Page which has data which controls this page
(0=this page not controlled by another)

CBYRCN 77 78 12 Record on page CBYPGN w hich controls this page
CION 80 Al Character which defines page accessibility if

record CBYRCN is character type and data is CION
ITON 82-83 12 Numter which defines page accessibility if

record CBYRCN is integer type and data 2 IION,

! GRCOFF 85 87 13 Glotal record offset in data file added to the
I

data global record if page is copy (NPRECS(0)
FLIOFF 89-91 13 1st default file data offset for copy pages

| FLIEXT 93 95 A3 1st default file extension to use FLIOFF
| FL20FF 89 91 13 2nd default file data offset for copy pages
| FL2 EXT 93 95 A3 2nd default file extension to use FL2OFF

| Repeat record 6 for exh editor page (PAG 1OT)

O
1 G

version: 2a E 39
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Descrintion of Editor Paggs

Record Variable Columns Format Comments
il NPG l2 12 Page numter (reference only)

NLINE 45 12 Description line numter (reference only)
GR11ASE 69 13 Global record in data file for data itern

(0xiescription line on screen is comment,
GRCOFF is added to GRB ASE if page is copy) !

REQDAT 11 Al is this required data 7 (must te filled in)
(Y=yes, display cyan: N=no, display grren)

i

CNTRL 13 AI Control flag for displaying rest of page
'

If CNTRL= blank and DTYPE=C or L, then if
data itern matetes CNTRL rest of page is avail.

LROW 15 16 12 Row to display description (3 to 21)
LCOL 18-19 12 Column to display description (0 to 65)
LABEL 21 94 A74 Data item description (must end with %)
DTYPE % Al Data item type

''(blartL) = comment, not a data item
'c' = Character suing
'n' = Data item selected from name list
T = Single character which must match list
T = Integer number
'r' = Real number

DLEN 98-99 12 Length of data item field
DROW 101 102 12 Row for data itern field (0=use LROW)(3 21)
DCOL 1 % 105 12 Column for data item field (0-70)
NUMCilK 107 108 A2 Numerie data item validation requirement

' '(blank) = No checking
'NC' = No checking
'GT = must te greater than NUM1
'LT = must be less than NUM1
'OE' = must be greater than or equal to NUM1
'LE' = must be less than or equal to hMil
'RG' = must te in range NUM1 to NUM2 inclusive
'PS' = must be positive
'ER' = rnust be even and in range NMll to NUM2

NOTE: hMi1 and NUM2 are contained in CilK
CHK 110-130 var For DTYPE=T list of appropriate characters

(end list with a blank charactes)
For DTYPE=T or 'r' NUM1 and NUM2 are in CilK
READ ( CHK, 'fl0.0,l x,fl0.0' ) Smil,NUM2

For DTYPE='n' mask for file names (i.e. ''. mat')
DFLT 131 145 var For DTYPE='c', T or 'n' default characters

For DTYPE=T or 'r' numeric default is in CHK
READ ( CHK, 'fl0.0' ) RDVAL

DFLTRC 147 150 14 Record in default data file to fmd default value
0 = default is specified as DFLT in template

>0 = default data file name is in DFLT and
DFLTRC is record number in default data file

Repeat record ii for each line describing the editor page (NPRECS)
Repeat the set of records for each editor page (PAGTOT)

O
E-40 version: 2a
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Scans get

femtete for SCAWS besic gaewtry

06/23/88 et 1:12 se ty #iche*t 4. Gerheet!
143 16 163 230 12

(te,5w , 44,2t i n,e t ),2t 19, i2),1 n , eT& ,1 s, e t 3( i m.12 ),1 r, e2,1 m,s21,1 m, e14,1 m, 64 }

11 h l 529 1M orset en \ 11 Y# 0 0i

22 Reviewae infometim \ 4 YO O O

33 Cost. Cavityrtmeats specif 6carties \ 13 Ye 0 0

&C Cest t e configurations \ 9 YO O O

$ So Cesk Shatt spacificaties (30Lf0) \ $ eE & 15

%% Cast $hett Scecificatin (LAaleaftC# % 16 aR 4 1L

/ 6e Cesk top Errf C=gs Specificatient (SOLfD) % 6 Ys# 4 35

8 6ty Cest ice End Cep Sc=cifications (Lawleaf t3)\ 13 Yaa 6 3L
9 7e Cesk 90ttene ta'! Cup sgwelficatier=s ($0 tid) \ -7 Yes & 55 15 =
10 75 task tettom ifvf Cap 3pecs (tasetuattD) % 8 Yaa & 5t 15 E

0
11 8 Cost Ctesure setts in8ermetion \ 3 Y8 0 0

12 9 CASE teutren Shield / Water Jettet Sgu s ". 8 eR & 9Y pag
we

13 10 CASE top tweset Lleitee specifiestlens t 8 Ya# & 7Y c
316 11 CA$st Sottee imect Limiter Specifications \ -13 Yaa 4 8Y *C

15 12 Cast **weet a * t Specifiesti es 18 Y0 9 0*

==
16 12 thernet transient erotysis centrol persas 10 s0 0 0 i

)1 1 66 a 3 0 SAs titte\ c 56 tt 0
1

1 2 53 5 0 sat doctet enecer\ c T 5 29 0 ,

1 3 31 $ (0 saa report ra ce<\ c 12 5 65 0

1 4 54 7 0 sas +xtet stort detet c 8 72'8 0 "

1 5 52 7 40 saa report dete\ c 8 7 65 0 $
1 6 $$ 9 0 a11. Infog e 54 14 g {
1 7 60 11 0 A&f. lefo\ c 54 14 0 {
1 8 65 13 0 ads. Info \ e 54 14 0

1 9 70 15 0 Cem edir\ c 54 14 0

1 10 75 17 0 Com ee\ c 54 16 0 7 ===

21 11 80 19 0 Com a+$r\ c $4 16 0
V< 2 1 85 3 0 Cesk review teeder name\ c 24 M 0 7.

n

{ 2 2 87 5 0 TSermet enelyst esame\ c 24 35 0 f w

g U
@ 2 3 89 7 0 structuret analyst runw\ c 2a 35 0
''

? 4 91 9 0 muetecn6cs enetrst nome \ c 26 M 0 A
*

ra 3 1 101 e 3 0 Cevity lever radius t in.)\ r 12 58 ts .001 2';c0. 0.0 0 %N ,, .

C
3 2 103 a 4 0 Cavity te Mth (in.)\ r 12 58 #G .001 2000. 0.0 0 /
3 3 100 a 6 0 Grcss weight of sectoge (tbs)\ r 12 58 PS 0.0 0 C

% 3 4 105 R 7 0 Weight of ccewents / internets (tbs)\ r 12 58 FS 0.0 0 C

8 3 5 106 9 0 meslave tweet generation rete of cec tents (Stu/ minis r 12 58 CE 0. C.G 0 m
3 6 107 11 0 Initiet cevity cherse pressure ipsie)\ r 12 58 #G 0. 500. 14.7 0 c (^)
3 7 108 12 0 tattiet cavity charge temareture (dag.7)\ r 12 58 RG *00. 300. 70. 0

.
.
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e=e

$ 3 8 109 - 13 0 meninus normat operating pressure (pele)\ r 12 58 et O. 2000. 14.T 0 g -

e 3 9 110 15 0 fe m -reture defining stress free conditto ,(des.7)\ r 12 58 BC -100. 300. 10. O C
M3 to 0 17 0 (include the following to define 2-0 finite-eleamwit mesh)\ 0

DJ 9
3 11 0 18 0 (eesh divisions sus". be even)\ 0 2 *"%"ed

8

3 12 102 20 0 eucer of mesh divisions along cavity imer radius \ l 2 SS E4 2. 20. 6. 0 3 O
3 13 104 21 0 eu+ee of seh divlsions along cavity hotf tength\ t 2 58 to 2. 40. 8. O ew

< 4 1 111 3 0 shetI configuration \ t 1 36 st 5 0 N
k4 2 0 4 0 tsesolid, teteminatedI* O
O4 3 112 6 0 Fep eed cap conflguretton\ t 1 36 st s O

4 4 0 2 0 (s=sollo, tolseinsted)\ 0 C

4 5 113 9 0 Bottom end cap confleurstion\ t 1 36 st 5 0 Km
4 6 0 10 0 15= solid, t=teminated)\ 0 0 C

ki T 116 13 0 is Top isc.ect t!= iter present? iT/s)\ t 1 55 ve v 0

4 8 115 15 0 Is sette= lepect limiter present? tv/a)\ t 1 55 ve v 0 0

4 9 116 1T 0 is eeutron shield / weter jacket presmt? (T/a)\ t 1 55 te v 0 g
5 1 121 a 3 0 shett thickness (in.)\ r 12 32 et .001 2000. O. e c

n 8 32 * ste ss304 0 O.5 2 122 I O shett esteriet ceae\ .

5 3 0 to O (inctu.te the following to * fine 2-0 finite-et.=ent wesh)\ 0

5 4 0 11 0 feesh divisions sust be even)\ 0 -

h5 5 123 13 0 eu+er of mesh divisions through shet t\ 6 2 to to 2. 10. 4. O

6 1 124 e 3 0 shett inner toyer tMckness (in.)\ r 12 52 as G. 2000. O. O g
6 2 134 4 0 Admitionet thickness et end cap interf ace (in.3% r 12 52 *C 0. 2000. O. O e'
6 3 125 5 0 shett im er lever meteriet nome \ n a 52 * st= ssM4 0 3.

6 4 127 e T 0 shell shield toyer thickness (in.)\ r 12 52 BC 0. 2000. O. O *C
6 5 12e 4 8 0 shelI shletd length (In.)\ r 12 52 aC 0. 2000. O. O E

0 shett shie j tever meterial name\ n 8 52 * she tea 0 0 $s
.6 6 127 7

6 T 131 4 11 0 shett outer toyer thickness (in.)\ r 12 52 aC .001 2000. 6. 0
6 8 135 12 0 Additionet thickness et erd cop interf ace (in.)\ r 12 52 aC 0. 2000. O. O q

. $6 9 132 13 0 Shett auter toyer wateriel reme\ n 8 52 * ste ss304 0

6 to 0 16 0 (include the following to * fine 2-0 finite-etament eesh)\ 0 O.

h6 11 0 17 0 (Mesh divisions sust be even)\ 0

{6 12 126 19 0 au+er of mesh divisions through shett inner toyer \ f 2 62 te 2. 10. 2. O

6 13 130 20 0 wu+er et sesh divisions through shett shield layer \ l 2 62 te 2. 10. 4. 0

6 ta 133 21 0 eu+er of wesh divisions through shet t euter lever \ 6 2 62 te 2. 10. 2. O

T 1 136 a 3 0 End esp thickness (in.)\ r 12 31 #C .0G1 2000. O. O

T 2 137 5 0 End cap seteriet nose \ n 8 31 * ste 53306 0.

7 3 0 10 0 (Incite the foltowing to define 2-0 finite-elemmt sesh)\ 0

T 4 0 11 0 (eesh divisions sunt be even)\ O
,

T 5 138 13 0 eu+er of mesh divisions through erd cop \ i 2 45 te 2. to. 6 O

T 6 9 19 0 Press F10 to cocv date frase ether erd cap tif it is sotto)\ 0

8 1 137 a 3 0 End cep imer tever thictress (in)\ r 12 44 BC 0. 2noo. O. 0

n 8 44 * st= $5104 08 21&O 4 0 End top seeer toyer enteriet nsae\ .

8 3 ?t2 a 6 0 tevi cop shield toyer thickness (in.)\ r 12 4C ec 0. 2000. O. 0

8 4 143 e 7 0 End cop shisto tever redlue tim.)\ r 12 44 et G. 2000. 9. 0

n 8 && * she tien 08 5 it.4 8 0 End cap shield tecer seteriet names .

8 9 e
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|

1 8 6 146 a- 10 0 End cap outer toyer thickness (Ep.)\ - r 12 44 RG .001 2000. O. 0 - I

t

] 8 7 147 11 0 Eruf cap outer toyer meteriet nome \ ' n 8. 44 * stm $1304 0 '.

l '- 8 8 0- 13 0 (include te fo! towing to define 2-D finite-element mash)\
O t

] 8 9: 0 .14 0 (mesh divisions saast be even)\ 0 !
] 8 10 141' 16 0 thsuber of mesh divisions through end cap inner layer \ l 2 of ER 2. 10. 2. O fi 8 11 145' 17 ' O muuher of mesh divielens through end esp shletd loyers i 2 61 Em 2. 10. 4. 0 |, 8 12 148 '18 0 sksaber of sesh divisions through end cap outer toyer \ l 2 61 ta 2. 10. 2. 0 [''

6 13 0 21 .0 Press F10 to repy date from other end cap (if it is tanteattojg c I

L 11 1 169 a- 3 '.0 ekseer cf closure tettsg - 4 2 50 as 1. 99. O. O Ia

; 11- 2 170 'a. 5 ' O Diameter of etesure be8*s (In.)\
(r 12 50 as .051 10 O. 0' 11 '3 168 a T 0 Ctesure telt circle radies (in.)\ r 12 50 as .001 2000. O. O ii

t 12 ' i 176 a .3 0 peutron shletd/weterjocket length (in.)\ r 12 52 as 0. 2000. O. O
i
j

12 2177 a = 5 0 neutron shield thickness (in.)\ r 12 52 as 0. 2000. O. O g {| 12 3 178 6 0 hutron shleid seteriet nemet n 8 52 * nse s20ccew 0 02 i.

12 4 180 a 8 0 Water jacket teickness tin.n r 12 52 eG 0. 2000. S. 0
"

! 12 5 181 9 0 Water 'jecket sateriet nemet
.--

.
On 8 52 * wja ss306 0 {-12 6 0 ' 14 0 (Include the following to define 2-D finite-element mash)\

0 C12 T 179 16 0 asseer of mesh divisiens throug4 ceutron shield \ 5 2 55 #G 1. 9 1 0
[j - 12 8 182 17 0 ekster of mesh divisions through water jacket \ I 2 55 as 1. 9. 1 0 =.

) 13 1 186 a 3' 0 tapect timiter. radius (in.)\ r 12 50 RC .001 2000. c. 0 513 218T R 5 0 Igect timiter center llee thickness (in.)\ r 12 50 RG .001 2000 9. O Q h13 .3 189 R 7 0 tapect limiter overhans thickness (In.)\ r 12 50 as fe. 2000. O. O M
|

'

13 4 191 9 0 I mmict limiter materiet name\ n 8 50 * ite Pottroom O q [
.

13 5 0 112 0 (include the following to define 2-D finite-ele =smt sesh)\ 0 ft i
13 6 188 |14 O macer of sesh divisions through limiter CL thickness \ i 2- 63 es 1. 10. 4 0 5 f13 7 190 - '16 9 muaber e. mesh divisions through limiter o d eng width \ i 2 63 #c 1. 10. 3. 0 113 8 0 20 0 Press F10 to copy dote free other faceet lletter\ j

0 $ ji 15 1 206 3 0 mueer of elements for 1-0 favnet modet\ i 2 4T #G 3. 20. 4. O fD Ei 15 2 207 4' O ttp tersect timiter weight (tbs)\ r 12 4T GE 0. 6. O f15 3 205 5 0 30110s twect Iimiter melght (Ibs)\ r 12 47 GE 0.- 0. O g [q 15 4 0 6, 0 (If amitted. weights are calculated based on wetump and density)\ O g
! 15 5 209 Y 8 0 Define ispect esodel a ith user specified propertiest tvfu1\ t 1 65 to a e Oi :15 6 0 9O mott - Weight of contents saast be defined (Pese 3)\

f0
| 15 7 0 10 0 #e stress recovery is evellebte for user defirwmf costs \ 0 ::t gQ '

| j 15 8 210 a 11 5 shett translationet mess (ib-sec**2/in)\ ' r 12 ST Ps 0. O O aummed 15. 9 211 a 12 .5 shetI rotationet sess (tb-sec**2-in)\ r 12 ST Ps 9. c M *
'h 15 to 212 a 13 5 shett laside tength (En.)\ r 12 ST es 0. O h [R 15 11 213 p. : 14 5 shet t E*8 (tb-in**2)\ r 12 - ST Ps 0. O 3 -8 kj. e> '15 12 214 8 15 5 shell A*E (tbl\ r 12 ST Ps 0. O hta

15 13 220 2 16 ! 5 shett comosite Poisson's Weties c 12 57 PS 0. O w een . s

15 14 215 a 17 5 ter* end translationet mass (tb-sec**2/in)\ r 12 ST Ps 0. O kM15 15 216 a- 15 5 top end rotationet mess (tb-sec**2-in)\ r 12 ST Ps 0. O k f1516 217 R 19.' 5 Bottom end transtettenet mess (Ib-sec**2/in)\ r 12 - ST PS 0. D ]'
3 ,

) A- 15 17 218 a . 20 $ Oottom end retettenet mess (tb-sec**2-in)\ r 12 ST Ps C. O K peong L

;

3 GJ 15 18 219 2 21. 5 Charecteristic cross-section width (in)\ r 12 57 PS 0. O C D I
}

.

| I
1
'

i

?
;
r

m- - . . , . _ ,_ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ _.
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e 16 1 221 3 0 Attaw phase change? (T/m]\ t 1 ST Tu a 0 9

hQM 16 2 222 5 0 flee tetween printed output (min.)\ r 12 57 RG to. 360. 30. O
M 16 3 223 6 0 Time tetween plotted output (min.)\ r 12 57 nG 2. 30. 5. 0 9 on-w

b16 4 224 8 0 use verlebte time step? (Y/ ult i 1 ST Tm y 0
O~

to 5 225 10 0 steration corwergence taterance\ r 12 ST as .001 .1 .001 0 -*

< 16 6 226 11 0 steration retenation paremeter\ r 12 57 RG .3 1. 1. 0 ed

h EQ15 T 227 13 0 meninse et temet:te ti= step for verletde TS (min.)\ r 12 ST RG 5. 30. 30. C

6' 16 8 223 14 0 pesimum temereture change per time step (F)\ r 12 ST nG 25. 100. 100. O P = = = *

N N-' 16 9 229 15 0 fine step modtficetion f actor for variebte 15\ r 12 57 as 2. 6. 2. O
Cy 16 10 230 17 0 Fined time step site for fined 15 (ain.)\ * 12 57 aC .25 5. .5 0 =

g n
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Scans (M
temtete file for lip!TER editor

05/05/88 et 4:4Tpe by Micheet Gerherd
$6 17 150 450 12

(tm,5e,44,2(1s,et),2(1=,52).1m,e74.1=,et,3(11,52),1 ,e2,1a,e21,1=,e14,1=,54)
10 Irrect tiniter Unteeding Specificatim ) 8 YC
7 to Pottom i m ect timiter for 0 oagree im oct i 26 YYC 0

.=

33 tb Bottom teswet limiter for 15 * gree imect \ -2 YYC 25 ]4 1c sottese Imect Limiter for 30 & gree imect \ -2 7?C 50 85 1d Bet on lasset timitee for 45 * gree imect \ -2 YYC 75 ~6 le sottom fecect t 6 miter for 60 * gree imact ) -2 YfC 100
T ff pottem lag:ect Lictiter for 75 * gree imoct ) -2 YYC 125

*=*

8 19 Sotton fermet tieiter for 9(r * gree imect \ -2 YYC 150
7
3,9 th Sottme tapact limite- for C.C. imect \ -2 YYC 175
{10 2e top togect 16 miter for 9 degree i m act t -2 YYC 200
*t11 2b fop tapact Limiter for 15 *aree imect \ -2 Y'C 225

12 2c fep I m eet Limi er for 30 * gree i mect 5 -2 YYC 250 e
t m

13 2d top twect Lleitee for 45 degree ispect \ -2 7YC 275
C
y14 2e top tweet limitar foe 60 degree imect ) -2 YYC 300

15 2f icp fapect Lisiter for 75 * gree impoet \ -2 7YC 325
C

16 29 Top tagect Limiter for 90 * gree imaet \ -2 YYC 350 7
17 2% top f acett Limiter for C.G. imact \ -2 YYC 375 d

r

0 1 4 2 Select the slope of the mioeding poth for ispect tietters\ C
0 2 6 4 C- - tutoeding slope is wenieue stepe ef fleiter cerves 0 C

"
0 3 7 4 o -- he etestic recowry of Emect limitef\ c -

0 4 8 4 Q( Appromimeted ty miending stepe cf 5 times mes stcee of curve}\
0 5 9 4 17 - User specified untoeding stere \ 0

0 6 48 13 11 3 Type of Imeet Lielter Unteeding\ 0 0
t 1 50 Det e 00 7 49 # 13 3 ttser specified mioeding slope (kips / inch >\ r 12 5C Ps C. O e_0 8 15 4 1Mlooding stepe is (IPS of untcoding per toches elastic recovery \

01 1 3 0 Press F10 to copy Force /Deflectie dets frem another lopect ongteg
01 2 5 0 tapeet engte is * fined as fottows: SIDE 19 ect engle is 0.\

< 1 3 6 0 0 dEo3 Os invect engte is 90.\
h 0 ]1 4 50 Y 8 0 Do you wish to define e Deflectien/ Terre curve for this engte ? (Y/eI\ t 1 77 to o 0 f ] g6 1 5 10 13 You ==st define et teest 2 ceflection/ force pairs \E 0 ;"" =1 6 11 4 Deflection to (in) .0 Force #0 (tips) .0\

""
,

0 E ~y 1 7 51 0 12 4 Deflection #1 (in)\ =*
C 8r 12 27 PS 0. 0 *=me1 8 52 e 12 45 Force si ek tps n

r 12 65 Ps 0. O

f|**1 9 53 a 13 4 Deflection s2 (in)\ e~r 12 27 es G. O>=W 1 10 54 e 13 5 force #2 (kips)\ g]L^) r 12 65 Ps 0. 0 *1e 1 11 55 14 4 Deflection #3 (in)\ e 12 27 GE 0. C. O e~M 1 12 56 14 45 Force 83 (tips)\
r 12 e5 GE 0. C. O b Mf/3 1 13 57 15 4 peficetien s4 (inn

&- VJr 12 27 ct C. O. 0
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Impact Limiter Force Deflection Curves Ternplate continued
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| Appendix E
Prograin Itererence

Data Set File Naining Conventions

SCANS data set files have 12 character names which specify the CASK ID, the analysis
case, and the file type. File names are of the form:

IIIIC C C C T T T

I
* File Type

* Analysts Case (or data name)
* CASK!D

_

Data Files

CCCC/I"IT identifies the data type database:

11 AS E.G EI = Basic Geometry Datalase
II A S E.Cil K = Basic Geometry Data Check Ot.tput
LMTR.LMI = Limiter Force-Denection Curves Datalase
L MTR.Cil K = Limiter Force-Deflection Curves Data Check Output
DATA.FLG = Data Clock Flags for Ilasic Geometry and Limiter Dauibases
NODE.GEO = Fmite Element Mer.h Node Databaw
ELEM.GEO = Finite Eternent Mesh Element Datatuse

Impact Analysis Files

CCCC. TIT identines the analysis parameters and type and is of the fomi

11 E T D A A O
. . _ _ .

* Output Type
" Analysis Type

* Impact Ang!c
* Impact Type

* Primary Irnpact End
* Drop Height

where the individual parameters are

Drop fleight Impact End Impact Type impact Angle Analysis Type Output T pe3
A=30 ft T= Top P=Pnmary only Om 0 deg QD= Quasi Static O2 Printable
!= 1 ft it= Bottom S= Primary with !=15 des (bonded) P= Plot file
2= 2 ft Secondary .L=30 deg QU= Quasi Static

'

3= 3 ft 4=45 deg (unbonded)
4= 4 ft 6=60 deg IB= Dynamic (torwied)
$= 5 ft 7=75 deg IU= Dynamic (untended)

: 9=90 degb 9 = 9 ft C=C.G. drop
( 15=11 ft

Version: 2a E-49

l
_ _ , . . . .

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



Appendix E
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C=12 ft
:

T=29 ft
U 10 ft
V=35 ft
W 40 ft
x=50 ft
Y=60 ft
Z=SO ft

Thermal Analysis Files

CCCC identifies the analysis case:
TI R G = Cold Soak, Contents lleat, No Solar Effects
T2 R G = Cold Soak, No Contents !! cat, No Solar Effects
T3 R G = Nonnal Cold, Contents licat, No Solar Effects
T4 R G = Nonnal Cold, No Contents IIcat, No Solar Effcots
TS RG = Normal llot, Contents lleat, Solar Elfects
T6 RG = Normal llot, Contents lleat, No Solar Effects
T7RG = Fire Accident Contentslicat,No Solar Effects

UA CU = Customimiihermalanalysis case UA

TTT identifies the output type:
TPO = Printable output
TPP = Plot file for POSTYZ

Thermal Stress Analysis Files
CCCC identifies the analysis case:

T1 RG = Cold Soak, Contents lleat, No Solar Effects
T2 RG = cold Soak, No Contents lleat, No Solar Effects
T3RG = Normal Cold, Contents IIcat, No Solar Effects
T4RG = Nonnal Cold No Contents IIcat, No Solar Effects
T5 RG = Normal llot, Contents llent, Solar Effects
T6RG = Nonnal llot, Contents lleat, No Solar Effects
T7RG = Fue Accident, Contents Heat,No Solar Effects

U A C U = Customized thermal analysis case UA

T1Tidentifies the output type:
TSO = Printable output

Pressure Stress Analysis Files

CCCC identifies the internal and external pressure conditions and is of the form:

II E E
__

* External Pressure
" Internal Pressure

E-50 version: 2a

k
_--
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Appendix E
l'rogram iteference

(n)x.s ysere tlie internal and external pressures are identified as follows:

Internal Pressure 1: sternal Pressure
MX=Matirnurn Normal Operating hessure RP=Re<hred gressute (3.5 psia)
Tn=hrsture from 11mnal case n AP=Atrnospheric pressure (14.7 psia)
UA=hessure from Customized 1hermal IP-Itcreased hessure (20.0 psia)

case UA iM Accident 1:ntnersion (35.7 psia)

TITidentifies the output type:
PdO = Wintable output

Ov

:

/~'hO
version: 2a E-51

. .
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Appendix E
Program Reference

NOTES:
.

O

O
E-52 version: u
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Explici t Solution of Equation of Motion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

Impact Cod e D e y e l o p me n t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . 8

Limiter Force. Deflection Representation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
M a ss M ode lin g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

Transla tional Ma s s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I1
Rotationa1 Mass.................................................................. 12

S tr e ss R ecov ery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

S tress Recovery of the Cask S h ell . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

S tre ss Recove ry o f th e End Caps.......... .. .......... . .. ..... ........... .... 14

(m) Bolt Stress Recov .f Theory.................................................. 26
4

v
References................................................................................... 29

!

i

|

',

Version: 2a F-1
|

|

|
1

-



_ . _

Appendix F
Contents of Additional Voluines

Volume 3, Rev.1
Lead Slutup in Irnpact Analysis Theory Manual

and Verification of linpact Analysis

in trod u c t ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

B a c k g m und . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
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10. SUPPLE ME NT ARY NOTES
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SCANS (Shipping Cask Analysis System) is a microcomputer-based system of
co'nputer programs and databases developed at the Lawrence Livermore National Laboratory
(LLNL) for evaluating safety analysis reports on spent fuel shipping casks. SCANS is an easy-
to-use system that calculates the global response to impact loads, pressure loads and thermal

.

conditions, providing reviewers with an independent check on analyses submitted by licensees.

SCANS is based on microcomputers compatible with the IllM-PC family of computers.
The system is composed of a series of menus, input programs, cask analysis programs, and output
display programs. All data is entered through fill-in-the-blank input screens that contain
descriptive data requests. Analysis options are based on regulatory cases described in the Code of
Federal Regulations (1983) and Regulatory Guides published by the U.S. Nuclear Regulatory
Commission in 1977 and 1978.
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