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Revised Mederial Fr ! i Linear Stozss=Strain Curses fur Tilanisen Grades S and 7 and Alley 22.

L. Assuming 150C Material Temﬂgmtam;

A. Tit. ot G S ineering Str [ neecing Steain Values
Information potentially subject to copyright protection was redacted from this location.
The redacted material is from the 1995 and 1998 ASME B&PV Code, Section I, . C, = 654, | ML E.,qmeermq Y(e[o/ $‘fr¢_¢;
Part D-Propetrties, Soe 2%&_&6 ) Sl = '151.8 Mla ; Euainee J walls
o-fﬂu;_mi‘glmk E=|o7.2Gla ; Mo_l&l&L_ﬂ_{_E[ﬂSf c:fq (Youmis Mm/us)

N 0 om‘,«'on = O IO
J

K. T-'Tv ; e S Conversion Steess and { Thmic Strai

/H‘ ﬂle. }/ie/o[ ’ﬂoirﬂ‘;

Vrewe = Voo (1 + €gm )

éf_’. = n (l“"é:mm_)__"_.!:t&s
E

X 1995 ASME B2PV Lode, Section I, foctll, Table Y-1

T No values published vo Viose = (CSHIMBY[ | + (CshIMB)] | €num=S

% 1995 ASHE BE PV Code, Soifion IL, ;z,fn, Table TM-$ [ (107,200 ME.) E
2 fl 6/z8(z000 g = (56, | MPa

Accora(nt‘?"gf to the /176 Verston . 6;:' = 0.000

Information potentially subject to copyright protection was redacted from this location.

w‘ "' = . i . 0 '. é -: M E ‘T‘o
The redacted material is from the information listed above. V:me ( 751 8 Mfa ) ( [+ 0.1 ) 9 ""-ﬂ———M‘L—L-f*—i-——“—” akl

= §26.98 ML,
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v €N = o ([+0.10) - (82TMFs)

(107, 200ME)

= 0.0875%6

#1998 ASME._BL PV Code, Seclion IL, Lt l, Table Y-1

T 1298 ASME Bzfvcw_eg, Section T, fact 0, Table U

1998 ASME BEPY Coddo, Section 1L, &:ﬁﬂ, Table TH-5
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Revised Material £ Tre 7?7Lani G 7 Bi-Linear Stress=Strain Curves for Tilaniam Grades S and 7 and /I//a/v 2z,
[t was T ‘ 1 ) 1s \W I. Assuming 150C_Malerial nmﬁagi@res
femfe,fm the 1295 an /??,9 ASME gzm/ Cam f.onlt ? A. Tfm@gﬁwum%ﬂmm_\é@__
Pact U = Propecties, Table Y-1 are nol in agrecmes dl_The )llelj ‘
stress values WJW&MM% « : S\Il = 6549, | Mb 3 Enq:neermq Y:do/ Stress )
Accom[uf? (o the [995 Version : Seeﬂﬂﬂ Lb S = 151.8 Mla ¥ Eu}J&_Lﬂj,_é‘m_Eimm
Tanpgeabice Told Stees¥ | ik T Sl | Youags Mool |1 st 1;:[0,,35‘.1.-:” Lot i ey Cloay )
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~20 4, 106 (-294,38)| H0.0(275.8) s.sxio* (10g.7) | | B. Titani e S, Conversion Stress and Logarilhmic Strai
200 (93) 22.2 (222.0) is.0x10° (103.4) |
200 (147) | 25.2(113.8) 196118 (100.7) | At the yield poidt,
o0 (204) 16.6.(126.2) 14.02 16 (96.5) | a
00 (240) 14.1(97.2) B3 (91.7) | AR S Y
boo (31¢) 1L.4(786 126206 (86,9) | €M = o (U+€ o) = Tirue
| E
X 1995 ASME B2PV Lode, Section I, foctll, Table Y-1 ]
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0 6 /oteoes | = (58| Mh
Accora(mj'ﬂf'ta Hle /?78 Versron, ; e 6,:‘ = 0.000
T;Qfg:jure Yieu S'tress* (/./fimﬂusi# 57:‘017#77 %w:}?‘d Maa/x/u-f r ‘J /H‘ 'tlge. u”imeit Si'neujﬂt._foi”t;
°F (=) ksi(mex) Ksi (MB) kst (GL) |
20 b Joo (29 1,38) | 40.0(275.8 50.0 (344.8) 5.5 010%) (19%:9).] e Voewe = (751.8MF) ([+0.10) 5 €pom = Min. E JouaTion
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s00(260) H40.0(275.8) 26,6 (183.4) 123010°) (917) | . (107, 200MA)
40 0(.8) | 228(1s7.2) 12:6(10°) (80.3) | . = 0.6815%6
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Hn AI/O’Y 2e, Conversion fo rm Stress ggal La?gm’zz e S?"min .
Sy= 538,2 MPa
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E= 7.0 GA
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G. A”{);I ZZ. En?m;gq’n? Sirgss gnJ Enjmegq_g" j 5";‘4[,4 ngges

A Tféﬂlm Ggag[g 7, En?a&gﬁgm? Srgg,sé gglgé é ?,gggnn? -Sfram V;‘[ ®es

S\/= 32.2 kg[ = ZZZ.OMFa

S({g_: YZI?kSL = é‘IOASMfdl

V = 77 ZD,I:I&,?&B/ 600
Sd = 676G 83,4 mb
E = 9.7¢A

E= 27.900%) psi = |92.4Gla

Min, E/,,,fﬁ,mm =045

Min. E/Dnog,ﬁon = 0,20
J DI er28/z000

E T;famum Gngalg ) (:bnué‘sl/an [Q rue Sﬁess gﬁo[ Lo?m ﬂlm:c. STram

'Hu A//o,v Z-Z,. (anuérsion _l.o True 5Trg§_$ angf Lo?griﬂmffc_ Sﬁain

/H' H‘C V:eu Pom]l

lq'l’ the }nela[ I_oaint

Ve = (222,0Mp) [ + (222.0m8)

e Varwe = (37.2MmE) [ + (97, 2m8.)

(192,400ME.)

1 (41, 700m8)

= 222.3Mf,

= 97. 3 Ml

(4]
“ é’n = 0v 000

J |
S €. = (0,000

¢

At the LIt fmgtg_f;aﬂlc_{lrevj th peo il

At the ul+imafe Tensi/g siceniﬂlﬂgint

Voo = (640.SME) (1+0.45)

(183.4mh) (| + 0.20)

4
L J-rug

= 928.7mA

Wiun

220.08 Mb

s €n = b (1roys) - (928-7me)

(192,400 ME.)

L EL = ln(110.20) — (2201 mME)
(91, 700 mE..)
= 01799 . = 0. 3667
F. True Stress '[.o?u,'ﬂmiid Strain for Titanium Grade'1.@ 260°%. True Stress - Z%g”‘ﬂrmm Strain for A//o/v 22@ 260 T
% V—x
S 220.1 mby ¢ qZB.7M&
/ - /
i c |mima——
L I a— 7 '
A ,' / Obcce A 2 /ostreee
yA— / , o A
/ ‘ 4 / x\//
% - o - "
6 Lf -2 66T J . 6
< U+506]




77

i QVIHNING dAL S6H1Y

41 1-31v1d 013IHS d1¥0 S821Y
00 1-31v1d Q13IHS J1Y¥G 001y

_lvc

|

|

|

|

_ 2_133HS
1 H

| v Vil 33

Q1 1-31V1d YO1J3INNOD
QT31HS 4186 0SE 1Y

00 £-31¥1d YOLIINNOD
G13IHS 4ila Sot iy

 J
_01: 056

RENARRRANS

& [2a/2000

4

12

e di1 S66 —]
AL 200~ |- ] e dAL )L dil 019
dAl L6EI
dAl Srl
dAl 181 dAL 2v61
1262 ok
I-Il T L/ bl - é/—
/
= _
INIHIIV Y4 1504 02F . 5?__““% v_ ‘
ININIDYId 31Yd ONIL4IT SOS AL SOPY = dAL SEL
n $61¢ IIIQ;L
7 f ' A | [ M T 1 b B T k -
L
LS
L)
by ) P
s o S — 1 Ll
” . r ao s
- o =
o =™ .
.MW = e Ird L
X ﬂz_,[ — Lef
0 "ol A y : :
m B 1= ] ﬁ
> M
d U R
R < " _ =
- (-
~ : e
R 23s _ =
[—J
NM unw.ﬂ-i-i- e~ — e — _ . S o
3 & _ =2
1 f— [--]
W 2 : d
< - | 2 &
138 1
REER | _ ;
- 1
Ne I I~ P —L _
Py e | e a
. - a =
- 2= e —e
.M M .o = S
3 MI = 2
S R
iy 2
47
—t
=\
©
7




Em;e[g;gmgg'l Yrift Cross- Seclion [//u:ﬁafm The Ke/af ve ﬂmzms:okf
of the Dot Doveit, Lsste B ng, am»/ Orip Shield

~ N g
—~— |
Fro e OC 1, Analysis far the — ' i
EX" Confampr Cnm]poncnt( s /M}L XCS ME -00000L Rev 00 S/rz/ee, g ) i
$40
‘; — % —
ol , . Il ;
Bieu I "y e T 1w - - |
! h ' g " ! Sise
582 Tvp ) ' :
- NN i
: . N m] '
i . . 4 BIR O - — -
—— ' : " ﬁ o
mswe " 5 ns i - .
J N : s 1re . ‘ T (11} L
ne e ) ' i { :
wwd  wae " ——— |
108100 3 :
S | L 1 1510 T -
Lo 1413 710 o ’
2130 10 NAVAL
21 PR

Because the 21 PWR b)aéf;c"a?,g is ﬂ,g gmo/omimmf L To be
USep 7" fhe p opased reposils fs Aimens i on ,/ olalive. ploaceme 7"
will Le 1 Lilily of Hhe dyio chield £s
T}lp e#;r{:( MC Y‘dck&/l 0:4:

T)lc *:qares on ﬂte F// /l ﬂlt u v‘afe H‘IC nsions ano/
r‘ela Ve tolaC("MPn'f ,ﬁt e olher Wf ZL rng/;:g ZP u.s'e
,g"" ﬂm Pce‘pngcaé cf:po;:forv

U;nj G 7/ 25/2000




80

re, erf és.

\
Ei m'ILe E/emenf Ana)vs:s a'f ﬂr‘m Slme/e/ L(S/nq A/ggz d’g{:?m g‘_rzd
/XIQMMML@ J

" Scenario #2:

ﬁaﬂaL

/ M‘on —

7/n ﬂnmuql'l 77 di i%ls §¢:lﬂn2’;i 1. .n théﬂdk )

Fmé.ﬂﬁme 7‘ (FE) ana/\/JIS féc/m:zues u):// Lc u.SCa/ ?La S/MthfS

n_.xu,é pcféa/ 7‘}9 I‘n(‘k L/ock

'Ilile y’eSpoa,sQ a‘ iizg d!]‘ﬂ ,Sé;guazﬂée

t'”t T Commerc '_ ”, t-_:_‘_. ,t eglram ‘Iﬂlx/’ X2 17‘- =

';” Le usm/ ZLa oer‘ll;rm 48 Sinulalie Model mls ¢4 be (e 7‘2’/7,.

kl /Ojram me7( econ

Tuo Y fac/( /c cZ scenari1os ag:// éc ;Z?fgj_a/

‘to es’/‘ /1517 ﬂtP Lg Un 7 gzzc[j}( Ql, 5_{1‘,2417"@2 gglgaé/fes nf
'HIP er sli [gl ggé_c;nmf_gg/z{/ as

Rock Block

Z A ZT ’
- S

Bollowss s

Scenaréo #1 Rock Block

y Side View Front View X

£ I1S0C, the

/)gﬂQUS/Exu/:c:fJefmfms 'ﬁar the Tfawm_&zg,g(gg,lg&[ 29 cwenfs

re_as ﬁﬂows

Tilanium Gmcjc 7@ /S0°C (See pajes 70 andl 71 af This scignﬁf-’c gafééwk)

* MATERIAL , NAME = TL7
x QENSITY

Ysiz.o

¥ ELASTIC, TYPE = ISOTKOLIC

100.TE+0T, 0.3Z

i IR

T

y Side View - Front View x

% PLASTLC.. HARUENING = ISOTKOFIC
I'74.1 E+06 , 0. 0000 |

299.SE+0b, (.1793




82

T'famum GmlﬁLimal. pases (9 and 70 oF 1h swm_mﬁf&maef,é_é@k )

@ 1soC

X MATERIAL, NAME = T124

* DENSITY

4s512.0

* ELASTIC, TYPE=]SOTROFIC

107. ZE+0‘7 0,32

% PLASTIC, HARDENING = ISOTKOPIC

(658.1 E+oé, 0. 0000
827 0E+0L y 0 0876

Ma‘fMW/esM Gm tsmf._,azﬁémllci_é% I

(24 Q&é@w
ss0ci ltlzg«s a/so éeeu&ma/ﬂ %Z
/mmum ‘ on (7] ﬁé_mgiél_ Correspoe ﬂgmﬁlﬁmﬁi
tensile mﬁa 'le&jm,.&ﬁéﬂﬁ

)Qzﬂl‘-'o as o symedt (o ..v.i.,a .,4_7

Eor The sake of s,mn/.c.fv cwl Canservafcsm the rock block vsill be

Wol&//CJ as a sw:glg ge[ .i;c {};! “,,ZZ A;Kmff)sﬂ/lc't
'the rock blg eria. .ij 45 Je meap as fo//ows

% MATERIAMAM£= Rock
¥ DENSLTY

2700. 0

¥ ELASTIC, TYPE-ISOTROPIC
33.30E+01, (021 |

.,",ff_f - Jod 2N, AnX. O / 1 y
S\ mmelry .._“ [1om: h.m&eg__ﬂm_azgm// size 074 ﬁve mocé/ L(smq é ¢o

_laxes detines v Ti9 on_a gnieitg m;éﬂé ﬂ)e
Jis»/ Aac p/anec o‘F 'ﬂt? mon[e/ were.

Leme () [Ne ¢
' Consﬁ‘gglned 514(: il)gj “la Ag%g[gggmggﬁ ’AM “/B/z‘w “1{.’ \/ J rpr'lLon

wm. se‘f' fo 243!‘0 For scenario # -L ﬂ'ns Cons‘h‘awﬂ" MLW/ BJ ‘llo 2%&




83

f‘OCk Lloo/( ano’ oﬂ r ipsl)ifla/ : I d aa[j:ﬁo"l,ﬂ'&d(lslp/ ace werils (v ﬂre X-zﬂ réCin"’

l
'For Hw. naa[es /[e:‘nq én ﬂne, X=0 .a/ane were se‘f fb éero as uﬁ// . T/?"-S'

was Jone for Loﬁ) scenarc0s ./BeL'ause Hwe Jr:'p slr"c/a/ (s afree—s?éna/i”‘?

sTruc ure, the (ntraction belween the base 01[ 7%5 drip sly.‘c/a/ ana/ Be -

invert was maal@//c;j@.safmﬁm /655 Cdﬂ‘ac’f- A re [afivc/ y 501[7" _ipn':Jq
‘7&\[;44 a sf.'#ness 07[ 5,0 U/m ( 0.27 IL/t‘n) LAS uSca/ fo a#@f'jt ﬂte

Lagg "gf ﬂ:c a[rip slt"elol Z‘o a 1[;)0:1 ‘/;‘amg of rc{;rcnce 7L0 nrevenfamwfra/}afo/

r 9:‘0/ Aoo[v mo'ffon o1£ Jrip 5/4;6/0/ anp{ cirmmu/enfﬂume»{fm/ nro[/ems

‘nJﬁm E g%a’yﬁu&flépn"j u)a.&&/sa aﬁlacé ea/ fo ﬂ»e réc/é /é/ec/é IZ:"’

’ﬂlé’ Sam&w#%’égieﬁAfng Aan/ﬁé@zﬂl@cf was 4/50 USCJ 7‘0 o/flc ne #’e

tnteraction betoeen The rocK block a; 0/ el // L 1/13/e000

To alplnrnx_;ma]le ﬂle e]l"l[o)‘.’cf( o')[ Se[(smic jxawla,/maﬁﬂﬂ ﬂle im/erf ( u/:’cl was
moafe//:/wa;anana/){ﬁca/rj ujboop Sur/ace)wéua.éﬂ eela.cmﬂ'&rj

,aua‘(xmme,locifv n‘f Im/.f. In ae! \\sz';?". Anfé 7%6 roc L/ock aneg\«(mﬂslieu

were su{)’in pj {'0 jravi*aﬁig&s/ -f‘brces %Army/maf 7)18 p{umﬁan a‘)C 7%8 Sll'm/ajbﬂ.



84

85

ﬂmmefﬂ f Finite E/eﬂ..m Aialysis Reaulh of Rock Block ML@___.___
| Shield Lupact (Senaria Ne/d and Updleded

APSI (73

The finife_elemend ang[%i(i gg;mgjq‘ ions for scenario no.d (dssumnf
150°C J rip SL:CIJ aml ure )gtg as {A’Q‘./

ERRREERRRREEEEEE

V l’grmufo.i ion Kock Block Ma.is Kg_gﬁ glacﬁ Lﬁ[lﬂ& Ve/o;ﬂ;( kbck &acktfnjfg £nelw
Mumber (Ke) (#s) (1) 7
i sob : "1.0000 | 2250,
2 S00 q,8995 24500,
3 S00 M.0000 49000,
Y 000 7,0000 . 24so0, O 1is/z000
s 1000 9.8915 49000, mainurs
[ 1000 14,0000 9 80c0, The o/i:n/nmmpn'/' a‘F node 19 showm i The {izm;g ngg relafive to Dhe
1 2000 70000 49000, aste Ip,nc"gjz for the IS mm./vs:s ggrmuz.x ions deseribed in the Talle on
8 2000 9.8775 98000, age. 8 cienl:fi ofelm emineol o eas Jollo
9 200D 14, 0000 196000,
10 Hooo "7.0000 Féoce. PormulaTion Uumlzer Mnm Verf,cal Al.fp/ﬂémgﬂ" A Mo&i il !M"l)
1 Hp00 4,895 196e¢0. I 4762
12 /000 24 12250. 2 Y7.03
13 800D 7,000 196000, 3 128.64
14 500D 1, 7500 12250, y %.92
% go00 24749 24500, s 146.11
b 251,21
7 167.48
2] 264,29 N
1 se0.2d
i 324.2
g4 L 1 592,00 (A'fs ’ﬂte wasféggkadqe)
I’,/I3'/2900 | ?g %o;s hils The wnsTe pu'—hT)
: i$ 150.67 Owg b 1205



86 87
Maltiplying Egustion () by [AI” gives
Assume the fll&fmlaimém [AT LAl fafl= [A] {duef (4)
- Smax = QM ta, M +a, Mt auMv +asMv: (1) Note ot ; o ATIA] <ves o <eomve. onsve
re. A@j,’n{fg [ESI&IE {!S a caggifggucg, an__inverse A T
Seax =_raXimun er shielf o’lSﬂ/ﬁ.cemen-lL (mm) exisls.
M = Rock Block /"_’e:s (k? -1
V_= Rock Block rmmﬂ//e/ac.i/ (rys) - Tal=([ATTAD TAT [Souet s)
Qi = unknown_coe o my, = .S )
U.qu ﬂle 'plmt elemerﬂl Ana/v.sls o/oja. prov Jej on_gage 8s o?c ﬂu’s ( [ ) (/, 5757(/0“) )
scignlific_notebook, J ) 2| )1.3335(157) | ()
s { = \-Lo7/0(16") ¢
— i las) |¢.9985 (1))
M, Ml: M My MY, i Smax las) Llose (157)) -
Ml M} M: ML_\I_‘ M;\/;z 7.Smax
Ms My My Ms Mo _ s S
M_'l M'; M: M,q\/-l Mu\[; (QI ) u,Y.,..., ’
Me _Ms  M; Mevs Mok | | Q. ’ sS.MxI
M& M;.._lﬂl’ M, MLV: ( Qa } = 1¢ S--'
My My M?: M::\/'I M \/v )(14 \ < 2 S e (2)
Mﬁ_.M:“M; Mg\é Mn\lg l Qg l gdmex
M 1 M;____M: Mq \/9 MO \/: -] smx
Mo Mo Mo Ml Mo 1o
Mo Mi_ My MNe  Ma\E (ué}m
Mo My My MoNy My 4 e
s M:’; fdfc Ml‘ \l( M:c V:: [ :stx /
”o’té }mf ﬂxe I u/f; ufa*wn&‘ // ana/ 12 woere Mo7l /'m;/oméo/ ;
o #e ourve -p 7‘ lle::au.m ﬂte j‘m Séle/a/ lm.ufs { a
[} lf AKX (melm eceémen!. udlion Z can Ae wr,‘ﬁ;n
me_s_m,ullv ag
JAT 3 AE > | Suael (3) . . D 21 itronm.
- . l ;"ﬂY -~ o . i




I

Deflection values

SUMMARY OF FINITE ELEMENT ANALYSIS OF ROCK BLOCK AND DRIP SHIELD IMPACT
(Scenario #2 on updated design)

Node 96965
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Node 123490

in the vendor’s (Hibbitt, Karlsson & Sorensen, Inc.) quality program. The figures below illustrate the model
and shows the location of the nodes tracked for deflection relative to the waste package.

Analyses were performed using ABAQUS/Explicit Version 5.8-16. Verification of this software is documented
reported below is the Z deflection of node 123490 minus node 96965.

P

700

21-PWR Waste Package and Drip Shield
Clearance (592 mm)

Rock Block Kinetic Energy at
the Time of Impact With the Drip
Shield

600 -

44-BWR Waste Package and Drip Shield
Clearance (559 mm)

N
o
(]

400 + : ,

Naval Waste Package and Drip Shield
Clearance (254 mm)

. R ‘

Kinetic Energy = 12,250 Joules
— Kinetic Energy = 24,500 Joules
| —— Kinetic Energy = 49,000 Joules

i ~==Kinetic Energy = 98,000 Joules
- Kinetic Energy = 196,000 Joules

Drip Shield Temperature=150 °C

RockBlock Velocity,v=4/2gh
RockBlock Kinetic m:m_.u<nwi p?

Ground Motion Velocity =1m/s (upward)

N
o
o

Maximum Drip Shield Displacement (mm)
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Electronic files have been archived to 8mm magnetic tape. A summary of the archived data is shown in the
table below:

: & S & & & S X X B ¥ »
c" cf? ol cf o“' 4 oi 04? o" o“? ; o’ o‘? cf 04? J ' 04?
Mass (kg) 500 500 1000 1000 1000 2000 2000 2000 4000 4000 4000 8000 8000 8000 4000
Velocity (mis) T 10 7 10 14 & 10 14 7 10 2 7 1 »s 7
abaqus.env  (Bytes)| 125 124 124 124 124 0 124 g 124 124 124 124 124 124 124
.abg (GB) 07 07 07 07 07 00 07 07 19 06 06 0.z 07 07 08
.com (Bytes)| 2465 2713 4062 4069 4066 0 4066 ; 4066 2765 4066 4060 4060 1700 2715 2723
.dat (MB) | 105 105 92 94 94 00 94 94 124 91 91 96 96 96 91
Al (GB) 20 40 ; 20 20 05 00 20 20 20 20 20 20 40 20 16
.inp MB) | 153 nia e 152 82 152 00 152 (182 153 (188 153 155 nia 155 153
Jlog (Bytes)| 480 nfa nia 1134 1136 301 0 1136 1136 730 1136 1133 1133 nia 700 705
.msg (Bytes)] 0 na na O 0 0 0 0 0 2 0 0 0 na 0 0
.0db (GB) 13 nia nia 14 09 n/a 0.0 13 16 08 19 1.3 19 nia 186 16
.pac (MB) |1010 n/a n/a 2084 2086 2086 00 2091 2091 4721 1001 1001 2118 n/a 2119 10041
res (GB) | 10 n/a nia 01 041 10 00 01 01 10 04 01 01 nia 10 1.0
sel (GB) | 10 nia nia 1.0 07 10 00 1.0 12 19 14 1.0 14 nia 12 06
.sta (vB) B2 nma AWM 02 1 D2 02 00 02 (02 02 02 02 02 nia 02 nh
pstrs.rsits (MB) | 1082 n/a nia n/a nia n/a 00 nfa nfa nfa na na nia nfa nia nfa
.sed.rsits MB) | 718 nva nia nia nia nia 00 nia nia nia nia n/a nia n/a nfa nia
stress.rsits (MB) | 1652 n/a nia n/a nia nia 00 nfa nia n/a nia n/a nia nla nia n/a
von.rsits (MB) |1783 n/a _ nia n/a nia nfa 00 n/a nia n/a nia n/a nia n/a nia nia
command.cmf (Bytes)| nfa n/a nia na - nfa  nha 0 nia nia nia nia n/a 56547 9493 17084 193
hmmenu.set (KB) | nia n/a nia n/a nia n/a 0 n/a nia n/a nia nia 356 354 3}/S = 354
mac.cmf (Bytes)| nfa n/a nia n‘a  nfa n/a 0 n/a nia n/a nia nia 102 102 102 102
.hm (Bytes)| nla. na ' nfa nia  nla na 0 Na . nia na nia 1E07 na MEWDT i
TOTAL (GB) | 66 47 41 53 46 33 00 52 57 84 KN KB Ry
Errors rab " L - e 5 c & de,t
IOTAL (GB)
Error Codes
a tar: tape read error
did not ask for second tape
tar: directory checksum error (hopefully prevented using i with tar command) black  backed up on tape
tar: Unexpected EOF on archive file red not backed up on tape

- 0 Q0T

Tapes are labeled with case number, rock mass, rock velocity and tape sequence number. All tapes

tar: Error exit delayed from previous errors

tar: Skipping to next file header

Dec 2001. A sample label would be:

Case01 0.5MT
Dec 2001

7 m/s

1/2

e

are dated -————

=

R
-

=
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The following table summarizes maximum deflection relative to the waste package from Scenario #1 and #2 for
the 15 permutations described on page 84 of this scientific notebook. Casel6 and Casel7 were added to
explore the effects of a simply supported base (Case16) and a fixed base (Casel7) with the 4000 kg rock at 7
m/s impact velocity. No conclusions are drawn for Casel6 and Casel7 but they are use to aid the engineers
understanding of the drip shield’s structural characteristics.
Deflection Comparison Between Scenario #1 and #2
Case# Deflection (mm) % Diff. | Scenario #2
Scenario #1 Scenario #2 Time (ms)

1 47.62 54.30] 14.0% 14.0

2 77.03 80.30 4.2% - 17.0

3 128.64 129.54 0.7% 240

4 90.92 96.62 6.3% 26.0

5 146.11 152.89 4.6% 30.0

6 257.21 268.40 4.3% 38.0

7 167.48 ' 173.73 3.7% 42.0

8 284.29 298.40 5.0% 52.0

9 560.24| . 613.27 9.5% 86.0

10 324 .21 338.25 4.3% 73.0

11 592.00f - 638.30 7.8% 92.0

12 93.63 100.71 7.6% 52.0

13 892.00 84883 434% - 1860

14 118.35 130.47] 10.2% 80.0

. 15 159.57 - 17542 9.9% . 86.0

16 ‘ N/A ~- 406.53 N/A 96.0

17 N/A 172.01 N/A 24.0

* Maximum Deflection not achieved in simulation

A comparison of simulations for Scenario #1 and #2 revealed that Scenario #1 has used an erroneous and non-
conservative method to model the physical parameters of the rock block. First, density of the Scenario #1 rock
block is modified to increase the mass between permutations while rock block geometry is held constant. In
contrast, the Scenario #2 is more realistic because rock block mass is increased by changing the geometric
dimensions of the rock block. Second, the Scenario #1 rock block has a very large width when compared to
height. In contrast, the Scenario #2 rock block has a square cross section. The large width in Scenario #1
effectively softens the impact on the drip shield. The combined effect is that Scenario #1 deflections are non-
conservative and therefore predicted values are too low. It is expected that a Scenario #1 rock fall impact would
result in larger deflections relative to the waste package when compared to Scenario #2.

Two considerations differentiate Scenario #1 and Scenario #2. First the rock is expected to fracture when it
contacts the stiff section of the bulkhead. Therefore, Scenario #2 is more realistic/ Second, the partial rock
segment will maximize shear stress in the drip shield plate and induce the earliest onset of stress failure.
Therefore, Scenario #2 is more conservative for plate stress. For these reasons Scenario #1 will not be corrected
and run again. Scenario #1 data will not be used in further rock block and drip shield impact studies.

!
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The following chart illustrates relative deflection between nodes 123490 and 96965 versus simulation time.

The simulated condition is Scenario #2 shown on page 81 of this scientific notebook. Note that Case07 data —

was generated using ABAQUS version 6.2. This should not affect the results. Also, data for Casel0 was not
available due to an unknown error in the backup process. Casel0 data is reported from a simulation of the same
geometry but with a new mesh of 3 elements through the thickness (other data has two through the thickness).
The differences in models run with 2 versus 3 elements in the plate thickness show insignificant changes in the

93
L (4/%/02)

The abstraction methodology described on pages 86 and 87 of this scientific notebook is applied to the
determination of maximum deflection (8), von Mises stress (Oy,,), Tresca stress (0,) and equivalent plastic
strain (PEEQ). MathCAD 2000 (a commercially available symbolic math program) was used to assemble and
solve the matrix equations. The table below summarizes the values used for input to the MathCAD worksheet:

deflection profile.

Drip Shield Deflection Relative to the Waste Package
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0.10 +—

-0.20

-0.30

0.00 hee
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040+

Deflection (m)

0504— ————

awr = e
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-Case07 analysis was performed using ABAQUS v6.2. A S e,
-0.80 1~ _case10 data uses a mesh with 3 elements throughthe — ———
thickness.

'090 T T T T T T T T
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18

Time (s)

Case07 Case(08 =—Case09
Case16 —— Case17

e Cas €01 === Case(2 Case03 = Case04 === Case05 Case06

Case10 Case11 Case14 =—Case15

Case12 = Case13 -

Additional data can be found on CDROM disks.

Drip Shield Bulkhead Support Beam
Max Max Max Max
Case #| Max PEE Max Mises Tresca |Max PEEQ Max Mises Tresca PEEQ Max Mises Tresca
1 0.4% 1.77E+08 2.03E+08 0.6% 6.68E+08 6.71E+08 3.5% 6.11E+08 7.04E+08
2 0.7% 1.78E+08 2.05E+08 1.5% 6.85E+08 6.86E+08 52% 6.84E+08 7.63E+08
3 1.2% 1.82E+08 2.10E+08 3.5% 7.25E+08 7.27E+08 09% 6.75E+08 7.49E+08
4 55% 2.12E+08 2.44E+08 25% 7.06E+08 7.07E+08 48% 6.89E+08 7.76E+08
L 9.3% 2.38E+08 2.75E+08 4.7% 7.38E+08 7.40E+08 0.4% 6.60E+08 6.92E+08
6 16.2% 2.87E+08 3.27E+08 82% 8.12E+08 8.13E+08 1.9% 6.95E+08 7.21E+08
7 12.4% 2.60E+08 2.86E+08 57% 7.63E+08 7.65E+08 1.1% 6.61E+08 6.65E+08
8 18.5% 3.00E+08 3.44E+08 8.8% 8.26E+08 8.27E+08 2.3% 7.01E+08 7.56E+08
9 18.9% 3.00E+08 3.42E+08 11.7% 8.27E+08 8.34E+08 45% 7.44E+08 7.50E+08
10 3.6% 1.79E+08 2.02E+08 9.6% 8.27E+08 8.28E+08 1.1% 6.79E+08 7.60E+08
1 22.1% 3.00E+08 3.40E+08 224% 8.27E+08 9.55E+08 3.0% 7.15E+08 7.21E+08
12 4.7% 2.07E+08 2.34E+08 3.4% 7.21E+08 7.21E+08 0.4% 5.27E+08 5.28E+08
14 7.6% 227E+08 2.62E+08 44% 7.41E+08 7.42E+08 0.2% 5.62E+08 5.62E+08
195 13.8% 2.71E+08 3.09E+08 59% 7.73E+08 7.73E+08 0.4% 5.94E+08 5.95E+08

* Data not used in abstraction calculations

The pages 94 and 95 of this scientific notebook illustrate the layout of the calculation sheet for Drip Shield Plate
equivalent plastic strain (PEEQ). Stress and strain abstractions are created for each component (Drip Shield
Plate, Bulkhead and Support Beam) while one deflection abstraction is performed for the entire Drip Shield.
The calculation sheets are archived on CDROM in the files:

Scenario#1and#2Deflection.mcd
Scenario#2PEEQAbstraction.mcd
Scenario#2SvmAbstraction.mcd

Scenario#2StrAbstraction.mcd

deflection abstraction

equivalent plastic strain abstractions
von Mises stress abstractions

tresca stress abstractions

Stress and strain abstractions are based on element output data of select elements from each component (see
illustration below). Scripted routines (macros) in ABAQUS/CAE and MS Excel were created to facilitate data

processing.
Drip Shield
Plate
Bulkhead

Support
Beam

Location of Abstraction Elements
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Mathcad Calculation Sheets for Scenario #2 Drip Shield Maximum Deflection

( 500‘\
500
500
1000
1000
1000
2000
2000
2000
4000
4000
4000
8000

8000

M := rock mass vector
v := rock velocity at contact vector
d := maximum deflection vector from FEA

deflection equation matrix

a := coefficients of the deflection equation
:= deflection equation

:= correlation vector

:= error between equation and FEA

(7\

9.8995
14

9.8995
14

9.8995
14

9.8995
2.4749

1.75

\24749)

Al

a:::(AJTuAl)_luAJT-d

M) (M)’
M) (M)’
My (My)*
Ms)' (M)
My (M)’
Ms)* (Ms)’
Mg)*  (Mg)’
M;)* (M)’
Mg)®  (Mg)’
Mg)* (M)’
Mio)® (M)
My)* (M)
Mp)* (M)
Mis)* (M)
( 7.720% 107
3.402% 10°°
~3.544x 10" "°
1.041x 10°*
| 1.443x 107

A7,

(5430\

80.30

129.54

96.62

152.89

268.40
173.73

298.40

613.27

338.25

638.30
100.71
130.47

\17542}

2
dpnax(Mass , Vel) == a;-Mass + a;-Mass ™ + ay- Mass > + a3-Mass - Vel + a4 -Mass - Vel

P

95
O (/ress2)

Max Deflection as function of Mass and Velocity

1:=0..13  dmax :=ayM; + al'(Mi)2 i a2'(Mi)3 + a3 M;v; + a4-Mi-(Vi)2
dmax: — d;
diff; := dmax; — d; e, = ( ma;(l 1)
i

1| 80.30
12| 12954
96.62
[152.89
[268.40
[173.73
| 298.40
61327
[ 338.25
10| 638.30
11[ 100.71
12[ 130.47
175.42
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The following figures summarize each abstraction. Casel3 is not included any these calculations because the
drip shield buckles under this load and maximum deflection is not achieved. Casel6 and Casel7 are for
information only. The abstraction formulation was change for PEEQ, o,,, and G, to gain a better match. In
addition, the cases where failure stress was exceeded were excluded from calculation because the perfectly
plastic post yield behavior makes the abstraction discontinuous. Each figure below indicates the actual formula
used as well as the abstraction coefficients. Also, the percent error of the abstraction calculation versus FE data
is indicated. The data correlates to case values according to the table below. Finally, the abstractions for the
support beam are shown but will never be used because noisy FE data prevents an accurate abstraction. This is
not a concern because Support Beam stresses are well below failure for all simulations used for abstraction.

= Position in : :
Deflection Case | Stress and Strain
e MathCAD
ot Number Case Number
Formula
al 0 1 1
L, ] 7 >
L. 2 3 E
’ Lm 3 4 4
O 4 5 5
- 5 6 6
| 6 7 7
s 7 8 12
- 8 9 14
SO 9 10 15
2 10 11 n/a
T ) 11 12 n/a
TR 3¢ 14 n/a
13 15 n/a
| — 700
] .
| 21-PWR Waste Package and Drip Scenario #2 Rock Block Kinetic
- Shield Clearance (592 mm) Energy at the Time of Impact
; 600 X With the Drip Shield
7 . ' Kinetic Energy = 12,250 Joules
E I — g / Kinetic Energy = 24,500 Joules
E | € 500 — == Kinetic Energy = 49,000 Joules
| — o /
S E M'BWR Wa?te Package 2.1"m Rockfa" e Kinetic Energy - 98,000 Joules
, 8 and Drip Shield Height
;«M«MWWW ® Clearance (559 mm) Kinetic Energy = 196,000 Joules
| j=3 SRR R - 2 "
o 400 TR Ground Motion Velocity =1m/s (upward)
e = SRR \
| ° L 8,,,=a0~M+a,~M3+az~M3+a3~M~v+a4~M~v3|
] (] —— p—
| = e Naval YVastg Package
| » 300 { -/ and Drip Shield 7720 10> T
. a ° Clearance (254 mm) : T 2563
pres = 3.402x 10°° -
5 O : | -5.49
B 5 200 / / a=| _3544x 107" |o 13.33
| g 1.041x 1074 b
B X 3 {021
= 1.443x 10 T
4 100 4— o i Abstraction Coefficients | . _ 267 o
| \ 4.26
P ‘ 5 DHLW Waste Package and | -3.01
L . ( Drip Shield Clearance (80 mm) il 3.00
i:-'.‘.‘“‘ o T \OW o T \o‘ o O\ él T Yél T IOIV T Iél T IOVY T Yo!l T !OII T Iol! T Iél T IOII T lon T Ioll T |o!' T -0.92
S 5 S & &5 &6 6 S8 &5 &5 & 6 & S S & & o
, D & ® K - O & K - O & M K = K & ® K -1.68
| S—— . v . 0.0l & . 6% W N 0.0 B .0 K~ M 3
E | Rock Block Mass (kg/m) § a8
:~ -2.61
b
k| oo e
-
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PEEQ failure lines are total (log normal) plastic strain.
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Scenario #2 Rock Block Kinetic
Energy at the Time of Impact
With the Drip Shield

Kinetic Energy = 12,250 Joules
- Kinetic Energy = 24,500 Joules
= Kinetic Energy = 49,000 Joules
~—Kinetic Energy = 98,000 Joules

Kinetic Energy = 196,000 Joules

€ Ground Motion Velocity =1m/s (upward)

J=a, M +a +a,-M-v+a,-M-V?
-8.765% 10°* s
" 0| -280.11
| sexad | R
1.338x 10°° 288.51
1.156x 10°° | -s0.11
Abstraction Coefficients | & ds = -AL181. %
8.08
363
1.59
.07
7.12

O— FEA data at 2.1-m Rockfall Height

Drip Shield and Bulkhead PEEQ abstractions show good correlation, especially at the failure line.
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20 4

2.1-m Rockfall
Height
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Scenario #2 Rock Block Kinetic
Energy at the Time of Impact
With the Drip Shield

Kinetic Energy = 12,250 Joules

Kinetic Energy = 24,500 Joules
== Kinetic Energy = 49,000 Joules
~—Kinetic Energy = 98,000 Joules
== Kinetic Energy = 196,000 Joules

Ground Motion Velocity =1m/s (upward)

pl

=a, M +a, +a, M- -v+a, - M-V

1.195% 10°*

~7.877% 107"
a= ]
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