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(). BL/7 PTA—1 Computer Program for Treating Pressure Transients
in Hydraulic Networks Ineluding the Effect of Pipe Plasticity
(C. K. Youngdahl, C. A. Kot)
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(33 B2/7 Finite-Element Analysis of Two-Phase Flows
(F. Hatt, P. V. Marcal)
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(4) 28 LR 2 X

(M3 e} +Cci{a}l +(KGu)I{u} = {P(tD}
{ao} = (DI{ac}
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o :  damping matrix ( & ZCHO0 )
(K(u)): stiffness matrix
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{u} ! nodal velocity
{u} : nodal acceleration
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(44 B2/8 Pressure Transient Analysis in Single and Two-Phase Water
by Finite Difference Methods
(G. F. Berry. J. G. Daley)
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#=1 Comparison - Cede Prediction vs. Moody

Present Calc. Moody's Crit. Flow % Diff,
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() E1/2 Analysis of LMFBR Containment Response to an HCDA
Using a Multifield Eulerian Code
(H- Y. Chu, Y. W. Chang)
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(2) E1/6 Detailed Non-Linear Analysis of the Response of the Deck

of a Fast Breeder Reactor under Accidental Sodium Impact
(M. L. Guern, J. Dubois, M. Gerij)
(#% %)
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(33 E1/7 On Structural Response of Large LMFBR Head Clostures to
Hypothetical Core Disruptive Accidents
(R.F.-Kulak, T.J.Marciniak, T.B.Belytschko)
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(5) E271 Charge Development and Analysis of Recent UK Experiments
in the COVA Model Test Programme
(I.G.Cameron, N.E.Hoskin, M. J.-Lancefield)
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FIGURE 1 CONFIGURATIONS OF VARICUS
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6/ E2/4 Response of Simple, Scale Model Reactor Vesséls to 2
Simulated HCDA Loading
(D.J.Cagliostre, C.-M.Romander, A.L.Florence)
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(99 E4/3 On the Computer Simulation of LMFBR Piping Systems
(M. T- A-Moneim, Y.-W.Wang, S.H.Fistedis)
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Analysis of Mechanical HCDA Consequences in the Coolant

Loops for Demonstration of Primary Containment Integrity

in 8SNR 300

(B.Giese, R-Pollak)

(B8 &)

AEHH R 5 SNR-300 | RGHAROBLERXTFMTH 10D OBITFEOREY

BRI ERORRG, BT oh@sifThbhi, ZHET L O

MTHbH,

EHETE = —~ F ROPLASTRERE 1 RERNCH220EEOBHLEREZR T %,

Pulse Gun  Test- Pipe {& Micm)

% _G)_mg_?_g_d__?_u@"!)
5.0m |

=15

69
P_
bor )]
40
2 V4 M—
Approximale
Experimental Pressure
0 1 | f
V] 0 20 30 40, SO

_t_
1075

GRSTADE

Test - Pipa and Pressure
History at Location 0

Pulse Gun Test-Pipe {¢ 76cm)
el e

p L MNoise Band @

=i _-Assumed
Roplast Input

gn J\é)'/\ﬂ

Theoretical and expzrimental

ety Ry

//%%

.,

~
R 4T

pressures of [A-Test €~ V=14

Tesf-Pipe and Pressure
1 Hisiory at Locafion 0

80 Y

0
80 T T
» Uncertuinty in measurement
bar j“'f B @
L0 = —
— = le)
wnm oo €. E)
0 ! ' .
[¥] 1 2 3

T
e l.;nceriuinty in
measurement
L0

&

LO; \{

S

[
| Uncertainty in
e measurement

@

103 N

Thearetical and experimental
pressures of SRI - Test 260

Interatom T ®
EER

T v i & P
5

SRI ThEE

G ARG R g
¥ ¢



i

E4/7 The Response of Water-Filled Pipes to Pressure Pulses
(C.M.Romander, D.J.Cagliostro, A.L.Florence, J.K.Gran)
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3 E576 Initial Pressure Spike and Its Propagation Phenomena in
Sodium Water Reaction Tests for MONJU Steam Generators
(M- Sato, H-Hiroi, N.Tanaka, M-Hori)
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(1) F1,3 Stress Distributions of an Elbow with Straight Pipes
( T.Kano K.Iwata, J.Asakura and H.Takeda )
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(1) K11 The Determination of Seismic Design Criteria
(P.C. Jennings)
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TCTHEMIL T, FROBEKEAL, ANMBEEY <2 0EBR IZETH75 v &
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(113) K92 Aseismic Foundation System for Nuelear Power Stations
(F.Jolivet, M.-Richli)
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FRML BB XRT 5 REED 22 BRCETFNREFEXART 28, BVHEGHNE
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BEREFBELEIB T 2L 5Ciko T 3, FEBRMHEOHAME, E1 Centro B%H
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(114) K93 Seismic Risk Analysis for Canadian Nuclear Power Plants
(T.-8-Aziz, R.G.Charlwood)
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(115) K974 On Design Errors and System Degradation in Seismic
Safety
(T-M.Hsieh, D.Okrent)
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8o TwaBD, LBLBE 7 —R7 7 1 HGHE D system degradation ¥ TEE
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(116) K95 Dynamic Response of Nuclear Power Plant due to
Earthquake Ground Motion and Aireraft Impact
(J.V.Parker, K-M. Ahmed, A.S.Ranshi)
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REFAC 2T obDTH 5. ANELTHRDIDEEZ T 5,
(a) B Z= %

i) HE103m sec® Boeing 707-320

i) HBE215m sec® Multi Role Combat Aireraft (MRCA)
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EHEXL N, BE Boeing DBAEREIHMBR IAER L 02 9 KE (it LAL
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(117) K96 Gapped Guide-Type Restraints Used as Piping Seismic
Restraints
(S.E.Rich, G. Rigamonti)
(% &)
EFHREFEEROEHEHEL L i, AEH L tHRE & BRIl #icHR T
BT LNEREN, TOLDLBEHEWH LT AT v “HFHRELZFHAS L, TLREEEL
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(118) K97 A Rational and Economical Seismic Design of Beam
Columns in Steel Frames
(A.K.Gupta, S.J.Fang, 8.L.Chu)
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1) L1s1 Constitutive Relations for Non-elastic Deformation
(E.W.Hart)
(g ®)
KBAXOEZEEORE LA, EZHORBEH(HHLER) t R FHEBR LT EXER
( Hart oBBR L LENZ ) OBEB RN, BRIBREEIUCELADORREE L LE
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VFDEETH Do Gy BALaCBFETA2ARBIGN( internal stress ), ¢ A&
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v e .
Eij eij
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(

I

é
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D THIEASBROMREIBINTW B,
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L, OMRBECL VT TREAINARARTINR, L LAEORITcH GRS
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TELC LR E B,
(2 L2/2 A Stable Computational Scheme for Stiff Time-dependent

Constitutive Equations
(C.F.Shih,H.G.Delorenzi,A-K.Miller)
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X =h (6, 7,X)E~Tr (0,T,X)
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recdf o, T, X En TR FAEE, BN, BE, REEK(EL BE%
Fb+)THh, h@amIELRE rZEEEHRZRDT.

C OmOHBARMEN AR TLE LER ( stiff ) 2@HERTOT, HEOKM
AF o TERILEDBLERD D, STHABRAFEVWIOLEL, FRAXAE 2 5 KAV
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af
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e BWEDEES SHAF — A (explicit)

Fay
¥nt1 = ¥n + ? (an + Jn Ay'n+1)

Buler DHEMSBEHNIREEFETS 5o

LRAF - A GEEHEE TS Y, Newtonik# Bns LML RIS, KEOxba
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THRROBER W B, |
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3 L2,5 Evaluation of State Determination Calculations in
Nonlinear Analysis
( D-P.Mondkar and G.H.Powell )

(g &)

HFRMEICNEBTEFTEE St HFERABE RBREO=D0phase EHA TV
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4 L3.2 Insfability Analysis of Elbows in the Plastic Range
(L.H.Sobe;‘and S-Z.Newman)
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ERZMIRE % B &,

BEDLF/RELT, 2 r» 7¥OLfMNFEH T ROIFE-ZUBREEE1 KFRTo YT
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(6) L35 Creep Analysis by the Path Function Method
(J.E.Akin and R.-M.Pardue)
(g =) | |
ﬁﬁ%i%w;&%ﬁ%pfvffﬁﬁf,ﬁ%#5£<ﬁ%énrwéﬁmnﬁahm
stant stress approach) ICH~-THZ%MEBMAIC I 5 ¥ (Path function
approach) ERE LT ro EHENETHLRMMAA t DM THBNR—ECBALD & L,
At EEBLERA THEENCRROGABABFEC 3 LKET 5o TOAbCOFER,
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() M43 Effective Nonlinear Analysis by Factored Matrix
Modification
(R.C. Young)
(& 2)
BEOARERBACREIHEORBI B LAERONTBREFTERDICLLABET R L
KEBEIND, HEEHCPEREEOLARAZELC Y s> tHEREXEZCELHETE, £
BROFBROBEXRBEL 22, FRXT O L) 2 EBROBEZHEETARBINL
T b Y)y 7 ACEERIANZZ LRI TEERE LR (ccTBE <> VB) CHED &
H+5HELEREL TV S,
AT, Vo<V o7 X[ AIBLDLIABINTWEELTHDE T2bb
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AT IBACERTABREAR*RLP I L LR TEZ (L) i ffRRkEINS
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T & BEBOLAZSBEBELTC(2a) 0O5BERDI2OCLELENERHTy BTh
FhRARTEDIN o
T¢ = C; BZN
Ty = Cp BN
2z TCs,Cp AFEHK L 2R, BE- ¥ FE NEFERXOKTTH Lo
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(3)

DEIERHETHL T LK% b,

FHFETEEL2AE, RBHMNEREZS oL sk Ltlal=(A)+C{H}{H])T oF
KRbIhEndIT LR b, RENZIGAFALE LT, BEKLOEMME HHOMBYG
BERBLTIOHE, 77 7 £HE BEREBTOBESRD LT oh, REMNER
FRML TN D, 2OTATI XA IAhTKHAEIRABE CCOBOEREBITOSHE

BEARNBCRL TR ENTE 5,

M4,8 Elastic-Plastic Analysis of Complex Structures using Finite
Element Method with Lagrange Multipliers
(G.Yagawa,Y.Ando, H.Takeda and T.Watanabe)

(g =)

BFHN77 v ' BESCAROh2BH2EESYWOIRERNT CIX, FFEREIKXE Z2ME
EH o TS 5o AN, Lagrange multiplier 2FIAL T2 1 7ORZL2BHEOKS
ETHCiLIoT, HHELZEEME LIV 2 wBAE T +{EL, AIERMEOHH AT
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M6.4  Numerical Integration of Some New Unified Plasticity -

Creep Formulations |

(R.D. Krieg)
(| 2)
EREBOMERIBRABERBETEO 7 ) — 7 LHECHY 2 BEORSCHT TRHL
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& = Aa gp — @f
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T T
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S

IR
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& . NI (internal stress, g-@ OREMSD)
_é D AE T BEE (external strain rate )
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Basic Model

Bodner-Partom

Hart

Krieg

Extended
Lagneborg -

Miller

Extended
Pasley-Wells

_ . ‘
clisinh Il'gll's( RW)Q'?Sll/lEl c,

m
. _ A - i - f B
where: V —.CIO +c,, log (clzlgpl) + ;g; Ci3 exp[ ( log Cl4 EPI l

TABLE I

£ A £ Ay "
c I&'l ex l-' “—-—*1)(5?- ] N.A : N.A e 0
1 pl|- (% 3J) JA. .A. )
where: z = 03 + C“l exp(ﬁR/CS)
o C
m [+]
c1|§| | _ c, Cy0 " |-&n TaT laf  N.A. N.A.
where Tng® = C3D(o*,a) - E(¢®,T)

c, |s/r|® C.+C, exp(~5-a/C.) AN e e trr)?

1|~ | 273 LR | C4|af 5 "6 o

c n C,11I - e é 2 : N.A " N.A

i e at A

sxnh C9§3ﬂ
[sxnh C Iul //1a| R =R

cs(c6 + lgl_- cjn“‘)

‘ 2
c, |5l C.m a®o : m-Ala) A,
c e 22 Mg}/lﬁl ‘ : i gez e N.A. N
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TABLE I continued

Basic Model

Ponter-Leckie
Isotropic*

Ponter-Leckie
Kinematic™®

Robinson~Pugh-
Corum

°1(§ ;

Notationﬁ

Cl, .

A{+),

F A, £
R)/Isl, Is| = & N.A. A,
r Isl <R
‘& )/151, tsl = R, A, () £ ()
' |§1 IR,
2P ' 3
- R)) Cz/l-gl cylal

. . 014 -~ denotes constants

B{*}, « » o E(*} —- denotes functions

*There 15 some question about whether these are the inequalities intended by the authors.

g (R}



4 M7.2 Dynamic Instability Analysis of Axisymmetric Shells by
Finite Element Method with Convected Coordinates
(B-J.Hsieh)

(| =)
BYREBCBHN v 7)) ¥ 7HESRBROXIFRHFC LIV EAZER T OIT 2%,
HEBRE CEFTLA. BT FRE, WDz 74 7EREREER. QE#RRNG
(MI(d)={Fe}-(F1}
(M): global mass matrix (lumped mass matrix &R )
{Fe},{Fl}): generalized nodal force veector
(B)ZEHICIE central difference formula %A,
BFEARO4 B OEREHLCOWTITEbh ko
@) fixed edge AU LEAEEHR bhinged edge EROHHE (Jroller
edge o BEEFOOEMOLHR @ Iiree edge
IRLOREREEN1I ~N4KTTo BFOqo REEKRE 2 v =+ O HMAY ZTEY
Ny 2V IEHETH A
CNLOBRELOROBHRAB O Ako OB - 7 V¥ 7HERBHN v 27 )~ I/TE
LHNTET 3 50 (20fixed edge & hinged edee Tk, BREBKZ v 27V~ 7HE
Thdo BKFHHNOMER v 7 ) ¥ /I HECKESEE T 5, WEEITBHOREEY S

WhE, Fy v 7OREWHEIBMT S0
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2 Nondimensional apex displacements of a cap with hinged edge under
various magnitudes of uniformly distributed step loads: w = apex
displacement; H = apex height.

4  Nomdimensional relative apex displacement of a cap with free edge
under various magnitudes of uniformly distributed loads: w = apex
displacement-edge displacement; H = apex height.

(EEm ] HmFT=—Fd, ANLTEZHROKY —7 « Na —KRIGHEH = — F
FSWAAM—IJ@?7?¢ﬁ%ﬁ%%9;—W&Lfﬁ@éﬂ%oﬁwﬂuyfﬂ

STF 4+ BOBHREOBITHAE TS Lo

-~ 93 —






4. SMiRT &Z®EM £ 3 ¥ —

11 £ it
SMiRT 2% (8/15~8/19) B&#, BFIRMEO X YV FEORVENHROBEE 2
952 L% MK Post Conference +3IF—238R22, 230mWAY>»75¥
23 (18MoEzaerre—F Jenr b yr7 e CHRES NI,
A F—-LRDO6FAHL D % - TV B2,
(1 BmEEZEO=EFT A1k
2) SERFOHLAD
38) BFHN75 b ROMENF L O HREHERE
(4) BB BT HIEHEET L5 FH
6} BEFH7S v rORBEESERCT »H - v ) OFEREEL
6) BREREOEEFE
IABDI YL, BELTQAVWCHELLDOT, MTEOHRBLOVTRET 5,

42 BEFOMLAD (# RB)
(1) SAfEsE A A 197 74£8A228(A), 238 (K)
(9 BE@ BB  KE»Y7sr=THHyr7I3r¥ra -erhrrEFN
(3) #% =
CONFABRE (Containment of Fast Breeder Reactors) (XHFICEMEFIC T
AEMEHOFLE X 0 BHEHERERE, Na kR TCO—HOELENCETIRDO4L D
Dy varIofBRahict F— T30, BERENHRESTE IR LOEEC LY
ﬁm%u7szwﬂ@$h,Eﬁ#bﬁ%@1@@&®§ﬁf@oko
(eovsr1) RESEEFLHE
(v ¥s 2 ) BBRUEVATABECHT HEHa—F
(trvs3) GEERE— FORE
(ty¥a¥d4) ZRNBERLBREHEREE
EEBANORTERBIEL2 - 1ORBHI TS 525, KEOHLDO>H 1./3 ANL
(Tray2BEXHEFR)IOLOCHY, FLBMEOFR PR HVANLOFREN T
M EfoBoER /L Is i,



PROGRAM

International Seminar on:

CONTAINMENT OF FAST BREEDER REACTORS
“CONFABRE"

Doloraes Parilor
The San Francisco Hilton Hotel, San Francisco, California, U.S.A.
August 22-23, 1977

held in conjunction with the

Fourth International Conference on
Structural Mechanics in Reacter Technology

CONFABRE Organizer and Technical Chairman:
Dr. Stanley H. Flatedis
Reactor Analysis and Safety Division
Argonne National Laboratory
Argonne, Illineois 60439 U.S.A.

Monday, August 22, 1977, 8:45 -~ 12:00

session I: Acecident Initiation and Energetics

Chairman: Robert Avery, Reactor Analysis and Safety Division
Argonne National Laboratory, Argonne, Illinois U.S.A.

The Role of Reliahility and Risk Assessment in LMFBR Design: Implementation of
Reliability in LMFBR Design, John Graham*)and P. P. Zemanick, Nuclear Safety,
Advanced Reactorns Division, Weathghouae Efectric Corporation, Madison,
Pennsylvania, U.S8.A.

overview of Core Disruptive Accidents, John_ Harchaterre4 Rzantcn Analysis and
Safely Division, Argonne National Laboratory, Argonne, IT&Einois, U.S.A.

Analysis of Accident Energetics in LMFBR Core-~Disruptive Accidents; Hans rauskel
?Eacton Analysis and Sagfety Divisdion, Argonne National Labo&atany,nlmyvhhe,
Linois, U.5.A,

Disassembly Energy Release for Mechanical Damage Evaluation, QGQES Jackson*ban
J. E. Boudreau, Los Alamos Scientific Labexatorny, Los Alfamos, ‘NewMexico, U.S8.A.

BREAK
fode o 2wk

Parel Discussion by Session Lecturers and Exchange of Experience among Seminar
Participants.

Monday, August 22, 1977, 13:45 = 17:00

Session II. Analyses and Codes for Components and Systems Response

Chairman: Nicholas E. Hoskin, Ministry of Defence, Atomic Weapons Research
" Establishment, Aldarmaston, U. K.
f’_—‘--‘-_‘ T
Methods and Programs for nnalysis of Fluid—Structure Systems, ‘Ted Belytschko,
VDepantment of Matenials Engineening, Universdty of 1LL&inods at Chicage Cirele,
Chicago, ILELinois, U.S.A.

Application of Containment Codes to IMFBRs in the United States, . ‘Yao W. Chang,
?Egc:om AuazyazA and Safety Division, Angonne National Laboratonry, Argoine,
inois, U.S.A. .

Application of a Coupled Euler-Lagrange Computer Program to the Structural Response
of an LMFBR, Steven L. Hancock Physics Internationaf Company, San Leandnro,
California, U.S.A. .

BREAK

Panel Discussion by Session Lecturers and Exchange of Experience among Seminar °
Participants.

*Indicates speaker when a papar has morae than one author.
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Monday, August 22, 1977, 18:30 - 20:00

Hosted Cocktail Party - San Francisco Hilton

Tuesday, August 23, 1977, B:45 - 12:00

Session III: Experimental Simulation and Code Verification

Chairman: Harry Alter, Reactor Development and Demonstration Division’
U.S. Energy Research & Development Adminigtration, Washington,
D.C., U.5.A.

Testing Philosophy and Simulation Technigues, Helmut Holtbecker, EURATOM Joint
Nucfear Research Center, Tspra, Italy.

TPests in Support of LMFBR, George Abrahamson*, D. J. Cagliostro and A. L. Florence,
Poulter Laboratory, Stanford Redearch Institute, Menlo Park, California, U.S.A.

Experimental Study on Dynamic Response of Reactor Vessel to an HCDA, Y. Ando and
S. Kondo, Depantment of Nucleatr Engineening, Univensity of Tokyo, Bunkyoku, Japan,
H. Yoshizawa, Meahanical Engineering Laboratony, R § ¥ Centen, Toshiba, Kawasaki,
Japan, S. Sasanuma, Advanced Reactor Engdineerning Departmend, Atomic Powexa Divisdion,
Toshiba, Tokyo, Jepan, O, Kawaguchi* and T. ,Mochioy Power Reactor and Nucfear Fuel
Development Conponation, Tokyc, Japan. - | .

Nuclear Accident Simulation in a 1/6 Scale Model of the SNR-300 Fast Breeder
Reactor, M. Egldme, J. P, Fabry*, H. Lamotts, Befgonucleaire, Brussefs, Befgium,
H. Holtbeckar and P. Actis-Dato, Euratom-J.R.C., Ispaa (Ifaly)

BREAK

Panal Discussion by Session Lecturers and Exchange of Experience among Semina;
Participants.

Puesday, August 23, 1977, 12:15 - 13:30

CONFABRE Participants Luncheon - San Francisco Hilton

Tuesday, August 23, 1977, 13:45 - 17:00

Session IV: Sacondary Containment and Postaccident Heat Removal

-

Chairman: Stanley H. Pistedis, Reactor Analysis and Safety Division
Argonne Naticnal .Laboratory, Argonne,-Illineis, U.S.A.

Experiments on Sodium Fires and Their Aerecsols, Harry Morewitz®, R. P. Johnson
and C. T. Nelson, Atomics Inteanational Division, Rockwelf International, Canoga
Park, Californic, U.S.A.

Core Debris Behavior and Interactions with Conerete, Louis Baker, Jr., Reactox
Analysis and Safety Division, Angonne National Laboratory, Angonne, Ii&inois, U.S.A.

Transient Containment Respcnse and Inherent Retentlon Capability, E. L. Glueklex®,
ﬁ.sbiyan, F. Hayes and C. T. Kline, Geneaxal Electric Company, Sunnyvale, California,
Response of a Ligquid Metal Fast Breeder Reactor Containment -to-a Hypothetical Care
Meltdown Accident, R. D. Peak, D. E. Simpson* and D. D. Stepnewski, Hanfond
Engdinecening Development Labonratony, Richland, WashingZon, U.S. ALV

BREAK

panel Discussion by Session Lectureras and Exchange of Experience among Seminar
Participants.
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Overview of Core Disruptive Accidents

FJL\%Egé& ((c c‘; zl) 713: 5 _E ACCIDENT INITIATIO?‘ ‘ EARLY TERMINATION -
Intact Subassemblies In-place Cooling
O SR (R SHig— SRk
FEsEE DBETARHETD F_—_— - -I CORE DISRUPTION PHASE I__._I
|
. N !
D, HIKEEDFLHRET = 4 | |
] TRANSITION FHASE 1
X‘@%ﬁ_jﬁmo’h‘fi}ﬁs’\"f\.‘ : Core Disruption :
| {
%o ! / \ :
: MEGHANICAL DISASSEMBLY GRADUAL FUEL REMGVAL l
: Energetic Pispersal Melt-out, Boil-out :
[

DAMAGE EVALUATION

Work-Energy, System-Response

RADIOLOGICAL CONSEQUENCES

{ PosTACCIDENT HEAT ReOVAL |

Fig. 1. Comprehensive Mechanistic Accident
Analysis Path Structure (Ref. 10)

Assessment of Accident Energetics in LMFBR Core-Disruptive
Accidents

LMFBR DF.LEESHK>WT, BcBER, ECI t OBERCERT BV
THIEL b D TH 5,

BB RCT 5 —REDFBOLAK X 0 FLHEEHEE, RENF
DEBBHRE2SVTELD RO VRRTH DL LRMBEL TV 2.

Disassembly Energy Release for Mechanical Damage Evaluation
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Table 1.

Fluid Analysis Programs

: Discretization Time Flow Slide-
Ref. Mesh Type Integration Type Rezone ine Structure
quasi- < : . : . coatin-

GALE {6} Euler £. dif. implicit ine. wous no no
HEMP [7] Lagrange £, dif, explicit comp. yes yes no
Honpo [8] Lagrange f. ele. explicit comp. no no no
1ceco {9] Euler £, dif. implicit comp.  mo no [mn
pIsces [10] Lagrange . ..

(ELK) (Euler) £. dif, explicit COmp. yes yes no
REXCO [1] Lagrange £. dif. explicit comp. yes no yes
soLa [11] Euler £. dif. implicit inc. no no no
SOLA-ICE [12Z]  Euler £, dif, implieit comp. no no no
STEALTH [13] Lagrange f. dif. explicit comp. yes yes (m}
TO0DY [14] Lagrange f. dif. explicit comp. yes yes ne
wHAM II [2] explicit/or L

(STRAW) Lagrange £. ele. implicit comp. no limited

quasi- . - contin-
YAQUI [S] Euler £. dif. explicit COmp. sous no no
Table 2. Transient Structural Analysis Programs
Geometric Discret- Time Difference
Geometry Nonlinearity ization Integration Formula
axi. shell, yes, moderate . o .

DYNAPLAS [27] 0" 1024 Totations £, ele. implicit Houbolt

2D and 3D . is Newmark or
NONSAP [28] axi. continuum yes f. ele. implicit Wilson
PETROS/ arb. shell yes £. dif. explicit cent. dif.

REPSIL [29,30] )

axi. shell, yes, moderate . i s dif

SHORE [ 31] arb. load rotations £, dif. explicit cent. dif.
yes, moderate f. dif. . - stiffly
STAGS {52] arb, shell rotations (£. ele.) implicit stable
WHAM axi. shell, explicitor cent. dif.
I [33] beams yes f. ele. implicit or trapezoidal

SADCAT [34] arb. shell yes £, ele. explicit cent, dif.
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I[.”2  Application of Containment Codes to LMFBRs in the United
States
FBROHCDARKW T 2FEHRHNELERT= — D 5%, KE, 45CANLT
BEAINTCB L0EMAL, RO500% v 7AHBL SWTHERELDTE 3,
D FEHR, ~viZolpg
2) &% lower plenum ~OBHMOFHA
3) BEMAF 4 v52
4) BEROLE
5) [His 7 5 7 OE@AT
ANLTECHERER TV 22— FE ZOHBIZKDOBY
i) REXCO—HEP
o 2. lagrangian = — |
OEWHRIEE THEBH o — VTR OB do
- FREBEREN RIS
* FREBIGE
© RF A AL}
- FRBLEVE
i) ICECO
© 2K implicit eulerian = — V¥
CFBERIT v, FLTEHE thin shell structure L T
F.E.M TEEH
o7 /M, XFEWD opening FIEEE 0T
o HE ¥ CDOEHF
o P H R
* N a "Hi & O #FHF
 FUOXFWORIC BT 52 Na BB
i) MICE
o ICECO D#iiR
© ICECO Ti eulerian fH#' 1 PkREE R TV 20MI CETRET
(HEESHER ) eulerian ERERT
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Table 1 Compilation of Containment Codes
Name Problem Discretization Integration
Origin (Ref} Solves Unigue Capabilities Fluid Structure Method
REXCO-HEP Sliding lines for fluid/ FD
ANL [1] 2D + Shell so0lid meshes and fluid/
shell interfaces Rezoning
by REZONE code (Lagrangian) Explicit
ICECO Coupled Eulerian/Lagrangian FD FE
ANL [2] 2D + Shell Can handle extended fluid
motion {(e.g. Bubble motion
and MNa spill) (Euler.) {Lagran.) Implicit
MICE Multifields FD FE
ANL [3] 2D + Shell Rllowing interpenetrations (Euler.){Lagran.) Implicit
ICE?EL Extensive models for piping FD FE
ANL (4] 2D + Shell component - Can handle ex-
tended fluid motion {Euler.) {Lagran.) Implicit
PISCES-2DL §liding lines for fiuid/ FD
PI [9] 2D 50lid meshes - Rezone and
static option - Auto.
coordinate generator (Lagrangian) Explicit
PISCES-2DELK Coupled Eulerian/Lagrangian FD Explicit/
PI [129] 2D + Shell Implicit/Explicit Option (Euler.) (Lagran.) Implicit
HEMP 8liding lines capability for FD
LLL [10] 2h fluid/solid meshes Rezoning
capability {Lagrangian) Explicit
TOODY Slide line capability for FD
sLA [12] 2D coupled fluid/solid meshes
Rezoning capability (Lagrangian} Explicit
csQ Extensive EOS options Con- FD
SLA [15] 2D duction & radiation H. T.
Up to 10 fluids (Eulerian) Explicit
STEALTH Continuous auto rezoner FD FE
SAL [14] 2D + Shell Finite-element shell option (Lagrangian} Explicit
STRAW Convected cocrdinates Can FE Explicit{ .
ANL [16] 2D handle complex gecmetxy {Lagrangian) Implicit
WHAM Convected coordinates Can FE Explicit{
UIcc [13] 2D + Shell handle complex gecmetry {Lagrangian) Implicit
SADCAT Convected Coordinates FE Explic@t(
ANL [17] 3D Can handle complex geometry (Lagrangian) Implicit

FD = finite-difference; FE =

ANL
PI
LLL

Argonne National Laboratory
Physics International Co. SAI
Lawrence Livermore Laboratory

finite-element

nna

uIcc
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Y.W. Chang/Application of containment codes in the U.S.
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v.W. Chang/Application of containment codos in the II.T.

t=8.3 ms t=14.3 ms 12203 ms

Fig. 5. Sequence of Reactor Configurations showing the Motion of Coolant
through the Core-support Structure Perforated Openings
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Fig, 6. Pressurc Loadings in the Reactor
Lower Plenum
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2 Tests in Support of LMFBR
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98 G.R, Abrahamsen et al./Tests in support of LMFBR
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G.R. Abrahamson et al./Tests in Support of LMFBR
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Experimental Study on Dynamic Response of Reactor Vessel to
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BEBIRFAD/ Xr, Cvy—-a, ko b vIZBEFEEOFLG BT bh ko

e, ATEAMARC 7o 77 a5 AL T A8 lO A+ FERTHHREROH
BN, ORNLOR>»F~-/7METH5/ AN EHBORMERITEZ LW, <
hE TRBELAZ2TIHELCKABEZBFTAL L THEN S ko

KEEECH LA TVWAEREENT 7= 75 s 0 Z4BBRTFOFHE, WbB®LX¥F <
- ZEEE L THROZ OB T o

o XEORNLO~ryF<- 7HHHE
o BREXORryF=-—7HE
o IWGFRO~RryF<=-—7H&E

conMTY, 1976400 2%y 3 CHMESN K ASMEE 0 “International
Joint Petroleum Mechanical Engineering and Pressure Vessels and Pi-
ping Conference " KFrnTRLHTHRIX TREI QA BLOF HRHEN 7 v 7 7 A RIE
OhHONyF<— 7MBRXXECHFFREEIRCED, ceTiHEORE( TER)
FTHRAEIhARBETCD A (EORD, Tty ¥ s ¥YORERCBEORYF < - 27EH
DXOHEORMEBALTELV L IBEBESIMINA )o 2, IWGFR(Inter-
national Working Group on Fast Reactors ) @<y F < — 7 I >~ F{CH
FTHLOC, BF, 720 H, 77 A TCEBINARR»LIHESREAND T L Z >

BB~ b Lfo |

HREOFEE, FAEBRNERORROEYLFREZ L2 22FCHTHIOTE- o
HERITOERER ONWTwLE, Bz -—F I, 22nddo EHER2 >
F-dy P CHRABERE IR LT AE2REET AV TEATE LOFRFTHI LA
Bo k7, FEHEBWTOADE (validity e T 4EED Y, COFEBHEAREE

fiFTtebbtOoRABBENT,
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R A SREEL 2 2BERELTHTONALOREE R FLOWESR, ER T
0 TOS LEBEROBHILC OW T SLHLVWEEAZIN, FER2ENEELLTROD
DHEBT bhi,

o fEFHESE( limit load approach , 7 5 » X AL )

o Yy /EBF( finite ring element technique , PAEOKIEBHE (EKX)

BT LABRERE T 4 )

o T ixAFHM (energy factor , ZEE O Spense A3H. )

°© MARC <147~y FE#H (MARC pipe bend element , 417 )

° PIRAX(EERIBEBFT =74, FATH)
RECHEIEBERITEORRBCHTA2FEAAL LT, 2 A+rx027 ) —TEREH, =
AR OQEAMTEREGERABOEMOFEN & Southwell 7'» v b E OB R E5HE T
Ahfo

FtyvarO”_FBIK, J.Zarka (77>X, Ecole Polytechnique ) # "M
EWMOVA12 ) vy 7AHCOWTOEBENZ2BR " LELARRZ T, =ZFBET v 0
7F =y VEBCETIMREEZBNL ko

=# HKEK.Bieniussa & E-Zolti ( F4¥, Interatom)#" SNR—-300 0%
EXETOMERLEAR " KO TFE Lko SNR-300 OEREIZ7 5415V 7 OFFMEEL

TORBIITOLNEENWI T ETH DB,

7uvx 2t OEF B M & Bt B A
® £ % = 1971 ASME Code Sec M
1331-1
INB Design Rules
a v # -3 RE 1973 1331-5%%#
- 25
#E & & 3 1981 ASME Code Sec II
1592~

INB Design Rules

SNRAOCHEN 1.4 948 (SUSS 04 B I COoOWTREREEBL T, N
BHFEIETS 1, 0y0.2 4 CHENBRAELED, ASME= - Fsr-x15920fELML
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H3H5BNELTrh, Z, ZOFARARINT,

JEWEEITICIE, Interatom CHETOFw 25 aLUNTUS ( Linearen Und
‘Nichtlinearen Temperatur.Und Spannungs analysis ) OfE#»ADINA,
MARCER EBELPRTVEL LI THDE, SNR-30007F7RR1IYKE~%F¥ O
BREHCET AHEBITLAREFTNOEAFTALTORY TS 5o

g A Rl

R

z % #H 7
sya-x P RE | B & B

ASME Sec 1

INB
IE 4 5 AT ASME Sec [
AP R e LLAE— b +EFAH A 1592
- W EHE INB
- BmEEHE
- EEFHE

WWHKELYPP.S. .MacDonald (EDS Nuclear ) # " Clinch River Breeder
Reactor PlantR st COHBEMITOMER,  PHEZHRE " KO THEL o PHA
ZPE( IHX )24 sMEe7 A+ OB L, BE, BE8EeMIMLTETF +{LLF
MBI EER L TWwko MARC 7R 75 a%ffio CIKRRAD X0, LBERZED
HWEBFTZER LS DOBARD oo REL, ThLOBTFlORMAIEBECFES
REEBLTABCRREINLTEY, DPhORCLELIOENSOThoRo COMEK
KHLT, BFRLEONOSLEEE LG EVIHBEE D>, THXEZ$T2005
Fa(f5~600) 0ORNBELL okt nwIBETHo ke COMER, KETEEF
ERGSHBCYCARIB/T (Y 7+ ) RECRBEML HATEHLED Do

Kty YarOBREBIC, D.S.Griffin L VBFOFABREFT v /7 a0 F <
-~ 7SI T2 L OROEBRAZ/ALTAERLVLEVIBWEERHI N, €I F -
CHEL TWal S ( ERASE - AEEHEPFER ) C1 5 PBERR ELE~ 22
Eibhfi, COMBEDEAHRFED S B FBMEKICEFRL TREFO 0 ( BFR
MES - HRB NS, RC-SC 4 6 FEHEBERTERAMARIFE BAHEPICC
FZES)TH Y, LAKBELEALOIEEBD THLbND, TTT, FE» ¥ 3 YOF
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WmMELTHREABLARS A VERBERAI W, T0 b F=—- 70K
RERBLA-20FRT Bty vz vOR, ~ry-~-—/7HEBEEILHFEMCELTEL
WEDBERKE, 77X, 12 ) THhbdb, BHBRI Y FEHETH 5E Kremple
DA, D.S.Griffin (K@), J.Zarka (77> %), P.Lemoine (73¥%)

LG .Vincenzo (41 £V 7 ) KE2X514 FEBSBXIN .,

3) FEHME#HR HEN
rOty v 3 vOEEED.C.S8touffer (KE, Univ.of Cincinnati ) 2% ®

o

%4+ Oak Ridge National Laboratory ® C.E.Pugh # " BESEFHEEWIC
FERT AN IEROEILOVWT” EWwWHIHBETRAECORNLOMWARKOBHEKD
WTHRNK. PHO304FLU31627 v BOBERFBROPRELCMA T, 24Cr
— 1M, BRETIFRABINCED DR TWEER TS 5o 2/ Cr— 1M, SBE YV 4
7Y y 2RRTYA I AT LRBEAEBILLEAVWEARD Y, #-XFF1 PFRT >
v AL AE s 0T ABIAR (H S modified strain hardening EFEA T
BIOTHHA, 2 CrIM MOME AFRACET20RNLOAERRA 2 £+ 558
CHAATWEW) THEELTVWE L L5 TH %, ORNLOEFNELEHZ, BTCh
L3IFMEEASTH, LV —BHZERFEAERERERET LRI LT, B
HOEHECHIZRO=ZDORAD LREMRFETE - T o

offin#HF vy flow potential )

o fih Al (flow law)

o & ( grow law )
CLTHELORELTWARNKNET v vy »ER(LTEBOBALCODNTRTEROLS

TH b
‘-:AE("—“)Z—TZ%;_](U—G) for (o—a)?—-72>0
€=0 , for (e-a)?-72<0
T &zlafﬂ e-Dala| P F-1

~129 —



#twv T P. Haupt ( M4, Bundesanstalt fir Materialprufung ) KLt %
CEBEBRTOBNENER FEROMABRHZRAR” OBEML b o o MEHTERHRZ
boMBOBH FEREROT 7e - F 2 TEO LI HLERDL Lo

Material with memory

' Fading permanent

Permanent memory
memory

Fading memory

|

Viscoelasticity i
Creep Plasticity r
Relaxation

FE=FBWA.K. Miller ( kE, Stanford Univ) # " FRBEMITOMRIENX
KT s2H—7T7 7 —F"KonTHEH Lk T2 TR, HORBLTWEFA7 Y v
7@&79—7,@@(&m),E%fﬁménkyu—f,%%mxéﬁm&E@%
%%é&ﬁ%&ﬁﬁﬁ@ﬁ—%?fn—%(uﬂfﬁdawnmw)ﬁﬁﬁéhko

CDvy v v ORFEMoz EF L OBREFEL L TR B Z.Mroz ( F—F >~ F,
Ploish Academy of Sciences ) & BEFNREL L OMBOEH *TR T 2HH
HERIBRRCOWTHEEET 2 o ko FBUBHER—NCHRIFBE=T1 L LT
ROENXICORBI 2 B o %o

3
f(sij,aij.ﬂij.l)=§(sij—'a'ij~ﬂ'ij)(sij-aij-ﬂij)~02(1)

T ajj & Fij R ThEhBELEECET %back stress &L, KO
HTERRIN Do

ajj=F(e} 60,855 =G (&, A1;)

BRECELy s 2B L TCOHRER~N 5o

BEFA2 ETRANARINERINZE LAR>T, I I FAZEEETELBEER
b, BTORBRLZIHNBOBRFIBRORELETEADRELICE> Tndeo TH
A4 BRORESERHBENCEI 20 Lo0@ATHE 7, HRERRTEACHT 2
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QLA TIr—Fd, 70 2BRUEEBTERTLAMEAESRELL, ERELE
HIARH T V=2T3T, EhOTCERILLTVWE, ¢COLS5%2%T, BEHIFERL:
BIR L, EBORFENCERTLIBAE, BRREGHLEI D, REWNLFZENH,

EIRTELUHELED 2 EOMENHE A —BLELEZ>T(BLEL LN B0
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AR Bk B 3 R B e %/fr%%ﬂ‘f‘-tzai} 73 BlBeir-7°0 75

INTERNATIONAYL SMIRT IV POSTOQMTERE 1‘ STMTYAR ON INELASTIC
ANALYSIS AND LIFE PREDICYICN 1Y HIcH "i RA URE ENVIROIMENT

The Saun Francisco Hiltou, Auaust 22- 23 19?7
Anaa Foom

Final l’rogram

‘fugust 22 ._El,ev_.@t,.g__md T matuﬁe,!:odes ,.,_CutLque- and.,ncw D Lons,

d |
:f..'
\n

i

' Chaimman and Organizer e
E.P. Esstergar, La Jolla, Cn;USA
- WM\NW
B:30 AH-lZ 30 Fﬂ Panellsts~ Y. d'E¢catha
Laboratoire de Mcchauloue des Solides
Fcole Polyteuﬁnlque, Palglseau, rranégg
Brlan ,onklus .
U.K. Atomic Energy Aarnorlty,
Salwick, Pres ton, U.K.

Karl Kussmaul

Staatliche N1tcrlalprufun aanstalt___*ﬁ

UniversitZit Stuttgart, Stuttgart, (Cermaﬁé
- i

10:30 MM - 10:45 & Break

Tcrbya*hi U;‘OE’L(‘hi
Chiba Unlversxty
'Ch"‘l)d, Japan

R.I. Jeutter
Atomics Internarlondl
Canoga Park, CA, LbA’

1Z2:30 P~ 2:00 B Lunch

hagust 22 - Inalsstic Analysis...Dasign Experience.

Chai rman

I. }1n%ie University of Cgllfornxa Bexkelny, A<T#‘~j)

2:00 mi- 2:20 i {D.S. Griffin} -

' ‘Hestinghouse Advanced '{eactor Division
Madison, PAS USA) .

" YInclastic Analysis of Structural Systems™

2:20 P~ 2:40 PM Discussion

'2:40 PM - 3:00 PM J. Zarka
: Laboratoire de H chanlque des Solides,
o Ecole Polytechnique, Palaisazau (_}r;._r}g_z >
/7%};-%.;%"}'1.1}* "Practical Remarks About Cyclic 'Lod.h.ngs
. on a Plastic Structure”
3:00 PM - 3:20 PM Discussion

3:20 PM -~ 3:40 PM  Break
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Avgust 22 Inelastic Analysis. Dasign Expericnce - contld.

3:40 P~ 4:00 TH o K. Blouiusaa, E. Zolti
o Interatom, Bergisch Gladbach, Cennuny
"SNR-300, Strategy and State of Elevated .
: Temperéture Dosign®
4:00 BL- 4:20 BM Discussion S :

4:20 PM - 4:40PM P S. }facDo-'zald - -
o . EDS Nuclear, Carle Place, NY,USA _ -
‘"The Use of Inelastic Analyszs in the Design
of the Clinch River Breeder Reactor Blant/ -
: Intcrﬂualate heat rxchanger"
4:40 PM~ 5:00 PM Discussion

5:00 B{- 5:30 I

P4 General Discussioﬁ
‘r.,.,_‘_ B — +
August 23 j Inelastic Conmstitutive Equations)
Chairman - - o
D.C. Stouffer, University of Cincinnati, Cincinnati, OH, USA
NNDRAS DALY . . RS
8:30 AM- 8:50 AM C.E. Pugh

Oak Ridge National Laboratory

Oalk Ridga, TN, USA _

"On Establishing Constitutive Equations for Use:
in Design of ngh Tcmperature TFast-Reactor

T . Structures"
£:50 &L~ 9:10 AM  Discussion
9:10 &~ 9:30 AM ' P. Haupt

Bundesanstalt. fiir Muterihlprufun

Berlin, Germany -
NSystematic Development of "hcrmomechaﬂlcal
Constitutive Equations for Inelastic Analysis"

9:30 A - 9:50 AM Discussion ' 7

8:50 A - 10:10 AM AKX, Miller
Stanford University, Stanford, CA, USA o
"A Unified Approach to Constitutive Equations
: for Inelastic Analysis"
10:10 AM-10:30 & Discussion

10:30 A1 -10:50 a4 Brezk
10:50 A1-11:10 AM . Z. Mroz
Polish Academy of Sciences
Warsaw, Poland
: . : : (Title to be announrced)
11:10 A1-11:30 AM Discussion : '
11:30 AM~-12:00 I Ceneral Discussion

12:00 ¥ ~ 1:30 ™ ~Lunch
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August 23 Eai lure Laws and Al 10wab1051

Chairman

- g% Ei McHitt, QVirglnia Polytechm.c Instx.t:ute & Star_e Um.versi-l:y,
S"TAK.T Zzov T acksburg, VA, USA " T TR e T e
teo Ak !;7 S’-eyen 227 -

1:30 PM'~ 1:50 PM - ~J.T. Fong :- : ,
- S “National Bu::eau- of_Standards o o
Washington, DC;:USA: - = e
ijncertamcfe _n. Fatx.gue— foePrediction “and7E"

‘2:-16- - ;
- 2:30 B R n
~Sandia Laborat.ories, Albuquerque-, 1ot 'USA o

L ~ L "'Hult:.ax:.al‘ Creep-Fatigue. Damage" e
2:30BM~- 2:50 PM®Discussion = " _ T

2:50‘—'1"P3_.§I- 3:10 P:*{u‘:;,Break

3:10 i~ 3:30 ;i ' 8.V Serensen* B BT -
' i - Mechanical Eng:l.neerz.n'* Research Institute _
Moscow, USSR - e e e,
"Deformation Klnet:i.c Creep Fa.tz.gue Fa11ure Cr'i.ten..— :
for L:Lfe Pred1ct10n" - - T

. B o T Deceased 3 lecture Lo be given. by
ST " R.M. Shne:.detovz.ch
3:30 PM - 3:50 PM -Discussion :

3:50 P4 - 4:10 ™ S. Majumdar
' Argonne National Labo*atory
Argonne, IL, USA -
"Thé Importance of Strain Rate in Elevated
- ., Temperature Low-Cycle Fatlgue and Cre.ep“
4:10 PM - 4:30 B Discuss:.on -

4£:30 PM~ 5:00 PM -General Discussion

July .19;77

{ KremEl ) C S
epartment of Mechanical Engineering,

Aeronautical Engineering & Mechanics
- Rensselaer Polytechnic Instltute i
"~ Troy,: NY 12181 USA' ' '
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AdER 42

ERPICC Benchmark Test Problem »
(M
, _ Solutions
Problem No. . Classification Problem Title
1973~1975 1976~(1978)
' : , | 1. Thin Wall Cylinder 7
1001 Uniform Cylinder 2. Thick Wall Cylinder 12
3. Thermal Ratchetting
[1002. | Non-uniform Cy.linder I. Tapered Cylinder I
' [.Bellows (1) _ |
1003 General Axisymmetric Shell | 2. Beflows (2) 3
I 3. Torispherical Pressure Vessel Head .
& .
i | ' '
|. Nozzle-to- Sphere : 4
1004 | Nozzle-to-Sphere 2. Creep Buckhg\g of Nozzle-to-Sphere '
1005 Nozzle-to-Cylinder é }:liopzezl‘:?IZZECyli nder 2. 1
S | 'Elbow-Pipe Structure 1
1011 | Elastic Foilow-up | 2. Cylinder fixed at the end |
. [. P:pe Bend (Elastic) 4
1012 Pipe-Bend 2. Pipe-Bend (Inelastic) 3 3
1021 Dynamic Problem 1. Semi-Circular Ring 2




~ 9T -

(%)

| B . S_olutions
Problem No. Classification - - Problem Title -
‘ ' 1973~1875 | 1876~ (1978)
-~ e e e e ———
200 Finite Element Character- | |.Analysis by one element model 2
istics 2. Shell Element Check 3
2002 Piping System |. Piping System (Beam Theory) 3
2003 | Flat Plate [.Ulitimate Strength of Flat Plate 3
201§ Shear- lag'Test |.Shear-lag Panel 2
2012 L.igament . Ligament 2
202[\ Co‘ntact Problem- é E;;ﬁ gi: 2 Plate g
' “}.2-D Problem 2
2023 | Welding Problem | '1. Residual Stress in Weldment 4

]
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5.

APRICOT 5t £ 5 (#

ABFEAR 1977488158 (8 )

Bd & %5 By K(KEHIYVZ4r0=TH Vrrsrvzra evrbtryrErsa
B B &

#£5—-1&8

5 f |
APRICOT stE ™M T 2 OB oV RS R F5 € Lo

o fit i AT = — FOBRFBHER K OV T

o s — MREMSERF— s (SRIEM)DREL

o 4D APRICOT STEDEDHFic 2\ T

A #

E)

£, SMIiRT £FHF1HEOE, 193048 YWIGHMr ) —F1xp0v3

YOBTH20EZDHFEO DL L Frbhi,

SMOSEEFE2E (F 1M1 97 64 » I CHEMBI AL ANS/ENSE&BHD1 0

R4BOH ; BE»GE)IE (PNC), RH (MAPI), K (NAIG) HHEL ) B

Thoo RHFRAEFE, U1, FEECHE IR AEROEBRELE A4 »F—<Thoin

», Ttk 2Tk 2tk fto T 72 SAI (Science Applications, Ine.) DX

rYa—nrPENICD, BHNORTRNICEFHEBL SV IELHHRE R,

ﬁi}f&f{zﬁ vy ¥a »ORNBEREOEY TH L,

o FRABRCTAMHEFUCER 2EREPHR PN E {, BB EAT 267 —&E M

DERC TSR+ BRAPLET H5,

o BRIARE, KEETIAENROEBIrk Y KE 2, ZOHEKCOVTEEE

FCTHBCIN TR T, SBRERZS I VHLIPCL TAL BEREH D,

o H2E APRICOTHEUEO I 0 BMLT EREROBF KL, 5 75> vaT v

—FAZ VT BERIT = —VvOFRRESTRAHEEbR 28, BHAHEGIRCS

THRIEET e — FEAVETHE oW TIIBRAB V- », TEARTREVEHS

COEFEIELBERS D,

o ERMRLEETNERT 58, HEOANT -2 2 5 BRERO L] - B g

2EROHAERCEGEZRETTEERAF LI, SROER ST ABEBOE
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PARTICIPANTS AT THE APRICOT MEETING
ON AUGUST ¥, 1977

Organization
Argonne National Laboratory

AﬁRE, Aldermaston
ERDA, Washington
ERDA, San Francisco

Interatom

_ JRC/Ispra

Lawrence LiGermore Laboratory

‘Physics Internatiocnal

mCe
Sandia Laboratories

Science Applications, Inc,

stanford Research Imstitute Int‘le.

' UKAEA, Risley

. UKAEA, Winfrith
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{szimley Fistedis
Yao Wen Chang

' Nick Hoskin
Sam Berk
Roy Neyeri

’ Heinrich Laubef -
Helmut Holtbecker
Jean Donea- -
Alan Jones _
P. Pasoli-Stella

Mark Wilkins

{N. Birnbaum

S. Hancock
fakashi Mochio
,ﬁaifer'gérrmannr

fpavid Bernstein
Ronald Hofmana "

Dominic Cagliostro
Kenneth Leigh

Michael Lancefield -
Ron Stamforth



NOFAMUFER 2Tk, BERNTE2RETHY, shHERIDVANT —208E
DRERCRETREYREL TR HBR

o BEFENOHMUBLHMC IO, BINOZLORD B Z & ST TIX B 223,
$APM£OT%EOEmm,é<if%%ﬁﬂ“F®&ﬁﬁ£Téb,%%ﬁ@&%
ﬁﬁﬁ%ﬁbéttif@%b¢wﬁb6%@f@ﬁbo

°© KEERLHEEROT-BOERO—SKERLEORE-FOBEL BT LN 5,

SAT XD HBBESIRAERMEKCE, Li2d (BHIELRA ) LrERHAS AT
e, EOBREDHEYXROML, thkTELAlE Akl cod, TOoRBRIERK
HEERE O R BHRL THL Vo

© SBRITEMENAKRROT— 7% BEMHABUETCEZIRCBELISL, AFH
Z358MBIiE tape L TEET 5,

o BHRTVASATKYZTFHRFFML, 1 9 78EHFEETCKTIH, 1078
E6A~BAE, hO¥ABEBEEAML T, BMEKCL S APRICOTEE phase
2 DFHiifRET & E 1T 5 .

7c%, phase 2 DOFHEMBMET L T vBRvEMBR2WTE, 1 97T8FE2 81 0 F

CREHEHEET SAI~EMTo L,

(¢ APRICOT &

APRICOT (Analysis of PRImary COntainment Transients) §ti&
H, BEFOHCDAROFEREEEHOILERI AL L T 2 ZEFE OB
A= F(2RILZ772¥Y=2T>» 7rnss5s% )0E0RERCEROLE, i
T, IR, Bl ZeBiToRER et 22 ¥ Bk, KEERDA#
BEL, FECBENERTEILT T V25D Thb, Wt ~*— Y2 MIERDA
TS, SAIDRREKH TS v ERROENOEZEYERLT 2,

FEFES - FOLBE, BER@Eb L XEBRERD »sF— 0 LHEEE Y {E 1B
W, EDT Y M o b REETEILiIc X D Fhbh s,

B EDHEREMEEERS — 1 IcRT. £2EX, SRI (Stanford Research
Institute) TEMENALEROBH AT TS, 32880 L,
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SAL-FR-468 (draft)

g 5—1
APPENDIX A

SPECIFICATIONS FOR APRICOT. CALCULATIONS, PHASE 1
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SAT-FR-468 (draft)

PROBLEM #1.
SHOCK TUBE PROBLEM

A, DESCRIPTION

A 100-cm-1long, 10-—cm-diémeter, cy].i.ncirical tube with rigid walls and
end caps (see figure below) is filled with an iQeal_gasl_ The tube is di-
VJ:_ded into two equal regions of gas by a diaphragm, Initially, the inter-
nal energy density (u) and the tcmperat-ure (T) are the same on both sides
of the diaphragm, while the density (p) and pressu:.;e' (pr) on the left are

twice the values on the right (subscript's £ and r designate left and right).

L/rigid tube wall
///////////////ﬁ////‘/////////

4
. /
’W-dlaphragm /
o N . V7
rigid end cap TL’ Pgs Pps Uy ITr’ pos Ppa UL % rigid end cap

v
d/2 1/,
| : /7
%

——— — - — — Z E of tube
L/2
L

x=0 - x=L

Schematic of tube inot to scale).

At time t=0, the diaphragm i{s removed. Snapshots of pressure (p) and
material velocity (X) versus length along the tube starting at the left end
(x) are to be calculated at times 250, 500,‘ and 750 psec after the diaphragm
is hroken. These results will be compared with the analytical solution

(c.g., pp.58-60 in "Fluid Dyunamics" by Harlow) .



SAT-FR-468 (draft)

The initial conditions, geometry, and material properties are:

Initial conditions

Py = 100 bars
Py = 0.0581 gm/cnP
P. = O.Spt = 50 bars
= 0.5 ng = 0.02905 g‘,ln/cm:3
=T = (initial tgmyerature) = 600° K
u, =u = (initial internal energy density) = 4303 X 10° erg/gm

Geometry

d = 10 emy, L = 100 cm

Material properties

The equation of state is

(Y=-1)up

o
I

where

i

Y (specific heat capacity ratio) = 1.4;
p 2 0 (gas camnot go into tension), and the gas is inviscid.

Rigid walls are frictionless.
B. PROBLEM SETUP

Participants are asked to compute the problem described above, using
squarc zones such that the distance between grid points is 1.0 cm, The
resulting mesh will have 500 zones {100 axial zomcs and 5 radial zones).
A1l external boundaries are rigid. The diaphragm is to be modeled as an

initial discontinuity in pressure and density (or relative volume).

~ 144 -



SAL-FR-468 (draft)

C. OQUTPUT

In late November, analytic solution plots of pressure and ve]ocity
will be sent to all participants who have returncd completed question-
naires. Data from the numerical simulation of the shock tube problem
are to be plotted directly on the solution sheets provided, in accord-
ance with the instructions accompanying them. In aqdition to snapshots
of pressurce (with and without artificial viscosity) and velocity at three
different times, other data, such as total internal encrgy of the grid as

a function of time and calculational speed, will be requested.

1t is suggested that participants consider running the shock tube

problem in:

{(a) a more refined 2-D grid;
(b) a coarser 2-D grid;

(c) a 1-D grid equivalent to the 500-zone 2-D problém.

The results of theﬁe additional runs could be of interest to all APRICOT

participants,
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SAL-FR-468 (draft)
PROBLEM #2

SPHERICAL CAVITY IN AN ELASTIC MEDIUM

A, DESCRIPTION

The 2.0-cm-diameter cavity embedded in an elastic medium is filled

with an ideal gas (see sketch below).

rigid boundary

elastic medium

S P Per Ve

point of
symmeLyy

gas cavity

c u
Pg: pg’ g

(not to scale)

Initially, the elastic medium is free of any stresses; stress deviators
(s,) and pressure (p) are zero. At time t=f0, the gas is pressurized to
pressure, P, where Pg is chosen such that the elastic medium experiences

no plastic deformation and a small strain analytic solution is valid.

Snapshots of méterialivelocity (1'-)e versus radial distance from the
point of symmetry (r)e at different angles (8) from the axis of rotation
(sce Problem Setup sketch) are to be calculated at a time when the elastic
pulsc reaches six cavity radii, (This corresponds to a time of t =8.66 psec.)
These results will be compared with the analytic solution (e.g., '"Generation
of an“EIastié Wave by Quasi-Static Isentropic Expansion of a Gas in a spher-
ical Cavity; Comparison Between Finite Difference Predictions and the Exact
Solution,” Henry F. Cooper, Air Force Weapons Laboratory AFWL-TR-66-83, Sep-
tember 1966, pp.2-6). -
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The initial conditions, geometry, and material properties are:

Tnitial conditions

gas
= 400 bars
. Pp
u, = 1250 X 10° erg/gm
Py = 0.8 gm/em®

clastic medium

P, = 0, s, = 0, s, = 0
T 6
u = 0
e
p = 2.7 gm/an
e
poométrv
r = 1.0 cm
c

Matcrial propertics

The equation of state of the gas in the-cavity is

3
I

-1
.(Y )ug Py

where

(specific heat capacity ratio) = 1.4

-
i

p2 0 (pas cammot go into tcnsion), and the pas is inviscid.
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The elastic medium equation of state is.
. . Pe
. i Pa 7

(bulk modulus) = 0.5 Mbar;

where

i

K
Poisson's ratio is 0.25 and there is no limit to the

amount of elastic tension and compression that the

material can take.

pz = (initial density) = 2.7 gm/cm® .

B, PROBLEM SETUP

Participants are asked to compute the problem described above, using
zones generated by a polar algorithm in one quadrant as shown schematically

below.

plane of
symmetry

| A 6° spacing between
radial grid lines

~ \\:[\\\\\\\\\\\\\\\\\\ NN N

>
-~
-
-
-
-
gas~solid z
. -
interface <
at r=r ~
c v .
. I / axis of
PPNy YNNI TN TN N rotation
“‘4}‘“‘0.1‘cm spacing between
fixed boundary circumferential grid lines

at r=0,2 T
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Radial grid point lines (B==constané) are to be drawn every 6°. Circum-

ferential grid point lines (r =constant) in the elastic medium (i.e.,

from r=r. to r==7rc) should be 0.1 em apart., Thus, at r Efrc, elastic
medium zones will have an aspect ratio of about 1.3, while at r==7fc, zones
will have an aspect ratio of about 9.2. In the gas, radial grid point
lines will-also be 6° apart, but circumferential lines may be chosen by

the user.

So as not to cause additional difficulty for some codes, the gas
cavity has been modeled as a spherical annulus. The gas is therefore
contained in a region between 1:==O.2r_C and r=r_. (The difference in
volume between this region and a spherical cavity of radius r. is less
than 1%.) All radial grid point lines should terminate on the circum-

ferential line t==0.2rc.

All external grid boundaries are to be fixed and frictionless, i.e.,
there is no material motion perpendicular to the lines r=0.2r,, r=7r.,

=0, and 6 =7/2, but material can slide frictionlessly along these lines,

c. OUTPUT

In late November, analytic solution'plots of material velocity_will
be sent to all participants who have feturned completed quesﬁionnaires.
Data from the numerical simulation of the cavity problem are to be plotted
directly on the solution sheets provided, in accordance with the instruc-
tions accompanying them. In addition to snapshots of velocity at three
different angles at t=8.66 sec, other data, such as total internal energy

of the grid as a function of time and calculational speed, will be requested.
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It is sugpested that participants consider running the cavity prob-
lem in: '
{a) a more refined 2-D grid;
(b) a coarser 2-D grid;

(¢) a 1-D grid equivalent to the 900-zone 2-D problem.

The results of these additional runs could be of interest to all AFRICOT

participants.
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PROBLEM #3
ENERGY RELEASE IN OVERSTRONG VESSEL

A. DESCRIPTION

An axisymmetric cylindrical vessel with rigid walls, top, and bottom
.contains an explosive chargc surrounded by water (Figure 1). The charge
is located on axis and the water covers the charge, almost filling the
tank. The region between the frce surface of the water and the rigid top

is a void.

At time t=0, the charge is volume burned. The resulting motion of
the water is to be computed for I millisccond. The calculation should
determine the pressure as a function of time at specified locations and

the time of arrival of the water's free surfacec at the top of the vessel.

Because this problem has no analytical solution, calculations will

be compared with one another,
The initial velocity in all materials is zero, Pressure gradients
due to gravity are neglected., The initial thermodywnamic and material

properties for the explosive products and water are:

Initial Conditiouns

1, Ekplosive Products

e, = 0.03958 Mbar-cc/gm
P = 1.67 gm/ce
Py = 0.11604 Mbar.
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axis of symmcotry

..1
~roid v
P -_—.—'Z':ln.—.._E-:r."-':_——_E-_ =
. ' /—rigid vessel
1 water
B B i . i
of o :
S @ charge
DO (1] £ ]
¥ O
3
[
St !

- L

-

70.2 cm diamcter

o

Notce: ‘The diwmension defining the charge position denotes the
location of the center of the charge.

Figure 1. Cylindrical vessel schematic.
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2, Water
e, = 0.0
p, = 1.0 gn/ec 1
p, = 0.0
where
e = energy/unit mass
p = density
p = pressure,

Material Propertics

1. ZExplosive Equation of State

N 0.054925

p = 0.92453 E/V + 3.09303
v
vhere
p = pressure (Mbars)
E = cpergy/unit reference volume (Mbar-cc/cc)
Po : )

V = relative volume = re where p  is the reference density .

2. Water Equation of State
_ L 0.28 T
p = py ) + %72 [2 - 5]

with p, V, and E defined as before.

The quantities (V) and E (V) are the preséure and internal encrgy
Py TR
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defined along the shock Hugoniot:

- 2
ug = 0.1483 + 2.086up - 1.398up
where
ug = shock velocity (cm/psec)
u_ = particle velocity (cm/usec),

P

With the shock juwp conditions, the equation of statc.may be

rewrilten as

=)
n

4(1-V)
P (YD, [1 - Ofl‘vl Y ]+ 0.28E/V

where

py(¥) = u_(0.1483 +2.086u - 1.398:7 )

with

7’

2 o
2.086(1-V) - L + J[z.ossu-v)- 1] +0.8293(1-V)
2.796 (1 - V)

,V#loo

0.0 when V=1.0

L

We suggest using the last three equations for the water equation of state

directly, rather than the original form.
Individual water zones can support a pressure of ~25 bars for the first

500 psec, dropping to zero thercafter. The change in pressure results in

two distinct reloading paths for a water zone.
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If the zome is in tension for less than 500 psec, the path in the

p-V. plane can be represented by the following sketch,

p (pressure)

E = constant

V (relative volume)

~25 bars o

Water first cxpands to point A, where the pressure is -25 bars. Further

expausion will not change the tension, but will only increase V. At point

B, the zone begins Lo recompress, retracing the path {rom B to A before

the pressure ‘increases.
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When the zone is in tension for more Lhan 500 pscc, the path in the

p-V plane can be represented by the following sketch,

p (pressure)

E = constant

V (relative volume).

~25bars _

The behsvior in arriving at point B is the same as in the previous case;
however, after 500 psec, the pressure rises to zero instantancously
(point C). Upon recompression, the zone state moves to point D before

positive pressure can exist.

B. PROBLEM SETUP

The tank is to be modeled as a rigid, frictionless congtraint, the
water and explosive as continua. The detailed zoning for the water and
cxplosive products is ‘shown in Figure 2. The innef radius and height of
the containment vessel are 35.1 cm and 56.0 cm, respectively. The initial

distance belwecen the water-free surface and vessel top is 2.5 cm. The
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Frictionless fiqid top

2.5 em Void
ﬁa
E M
o O
" @
o| &
0 Y
< @ Water
— LN
o
)
16]
(V] o —
< % —
< 3
el
e
&0
ot
H
w
9
@
-t
‘ 5
AZ = =N .ﬁ
S . Y
<+— Charge "
1.39278 cm ks& e g ‘5
[£9)
=1 —
(43
[» o]
m
[
™
—
]
)
<] -
! Frictionless rigid bottom
% AR = 1,4045 cm
AR = 1.39278 cm

Note:; AR and AZ are zone width and height, respectively. The arrows
indicate the range over which the zone dimension applies.

k]
The axis of symmetry is a frictionless reflective boundary,

Figure 2, Computational grid.
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values of AZ and AR in Figure 2 are individual zone heights and widths.
The zone size is chosen so that the explosive composition will occupy

exactly two zomnes.

The void above the water-free surface contains zero pressure. The
free surface moves upward until the roof is impacted. After impact, and
while the watetr is in ¢ontact with the rigid top, the free slip condition

applies.

Some form of mesh stabilization or rezoning will probably be re-
quired to compute the fluid motion for dne millisecond. Participants
are urged to choose the technique which they feel is most apprqpriate
for the problems encountered, provided the scheme is implemented on the
computer, Manual rezoning, or similar techniqucs'which cannot be docu-

mented, should be avoided,

C. ouTPUT

By the end of April, participants will submit the results of their
calculations. This output will include plots of pressure-time histories,
free surface displacement-time histories, and grid plots (snapshots).
Plots will be generated by the participants and no material will be fure

nished by SAI.
In addition to the plots, a list of the numerical data for each

graph should be included. 7This data will aid the reviewers when com-

paring graphs plotted using different scales.
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Pressurc-lime histories for the following zones are required:

(a) Both explosive zones (2 plots).

(b) The zone on axis at the bottom of the tank (lower left
corner of the grid, 1 plot).

(¢) The zone on axis just below the free surface (upper left
corger of the grid, 1 plot). '

(d) ‘The two zones at the same height as the explosive, at

the right side wall ol the tank (2 plots).

The vertical displacement of the free surface will be plotted for

the following grid points:

(a) Each of the first f{ive grid peoints on the f{ree surface
nearest the axis (5 plots).

(b) At grid points #10, #15, and #20 on the free surface, counting
from Lthe axis (3 plots).

These eight plots are time histories, 7 =7(t), for the particular points.

Finally, grid plots (snapshots) at O, 0.25, 0.50, 0.75, and 1.0

milliscconds should be submitted (5 plots).
1t would also be desirable for participants LO keep a restart dump

of the last cycle of the calculation. This would be helpful if it is

necessary to continue the calculation to later times.
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AMENDMENT TO APRICOT PROBLEM 3
ENERGY RELEASE Iil AN OVERSTRONG VESSEL

1. Background Information

The choice of a configuration for Problem 3 of the APRICOT program
was motivated by the availébility of experimental data in a non-trivial
geometry. The geometry for Problem 3 is based on an experimental appa-
ratus which is being tested as part of a joint program between the UKAFA
(AWRE), Eugland and EURATOM, Joint Research Council, Ispra, Italy. Nine
identical tests have been performed with this apparatus. Pressure and
impulse were measured at the vessel walls. A report on the experimental
results will be ready by May, 1976, and this data will be made available

for comparison with the computer calculations of Problem 3.

The description of Problem 3 did not mention the fact that expermental
data would be available, We would like to apologize to the research groups

at AWRE and JRC for our oversight.

To compare the calculations of Problem 3 to experimental data, pres-
sure and impulse time histories must be generated at locations correspond-
ing to the pressure gages. These locations are listed in Section 2 of
this Amendment. This new output is in addition to the output requested in

the original specification of Problem 3.

APRICOT participants may have noted the complex model for water in
tension. This model is the result of auxiliary experiments and caicula-
tions related to the joiat prégram. Experimentally, water was observed to
foam or froth at the Iree surface when the surface was accclerated away

from the body of water. .Computer calculations showed the foamiug to bec a
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significant phenomenon. Calculations which ignored the foaming and set

the minimum allowable pressure to zero were found to overpredict the pres-
sure and impulse from impact of the liquid. By allowing the water to sus-
tain a negative pressure (i.e., the water can support a tension), the cal-

culated pressurc and impulse were closer to experimental data.

An expanded description of the tension model for water is in Section
3,0f this Amendment. This section completely replaces the first descrip-
tion of the tensjion model which begins wilh the last paragfaph on Page 4
and ewxs on Fage 6 of the original Problem 3 description. The new discus-
sion of the tension model does not give a physical justification for the

parameters in the model, but is, hopefully, a clear, accurate explanation,

Please note that the water equatioun of state, given by the last three
equations on Page 4 of the Problem 3 specification, is unchanged and accu-

rate,

Finally, the appropriate values of the. reference densities for water

and explosive are defined in Section &.

2, Additional vutput Requirced

Participants are requested to produce a pressure tine history and an
impulsc time history for any Problem 3 calculations at the following loca-

tions:

(a) On the DBottom of the Vessel

Location Radius
number {cm)
2.4
4.2
8.0

10.5

16 .0

24,0

32.0

S ST, N - TU R X R
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(bY On the Side Wall of the Vessel

Location Height above the botlLom

number {cw)
1.6

5.6

40 14.0

11 : 18.2

12 28.0

13 46.0

(¢) On the Top (roof) of the Vessel

Location Radius
number fcm)
14 2.4
15 4.2
16 3.0
17 10.5
18 _ 16.0
19 _ - 24,0
20 32.0

1f possible, a list of the numerical data plotied for each localion

should be submibted with the plots.

The output requested in Section 3 of the Problem 3 description is

still required.
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3. New Description of the Tension Model for Water

The following discussion completely replaces the previous description
of the tension model, found in the last paragraph of Pages 4 through 6 of
the Problem 3 specification. This model.should not be used for the first
031Cu1afion of Problem 3, where the minimum‘allowable pressure is zero.

The body of water (as a whole) can support a minimum pressure of
-25 bars for the first 500 psec of the calculation, and a minimum pressure
of zero after 500 psec. The change in minimum pressure at 500 pscc produces
two types of reloading paths for water zones,

The first type of path occurs if a water zoue reloads before the time
of 500 psec. A typical path iu the p-V plane for such a ZOnL ‘is shown in

Illustration 1.

4 P (pressure)

V (relative EQE@EJ

_25 bars B LR T LR LR ..B -

Iliustration 1. Water in tension for less than 500 psec,
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Water first expaunds adiabatically from A to B uuntil the pressure
drops to -25 bars at point B. Further expansion of the water is con-
strained to follow line BC, where the pressure, p, and internal cnergy

per reference voluwe, E, are constant. Specifically, along line BGC

-25 bars

P
and

E = E,

where the quantity EB denotes the internal energy at point B, The zone
begins to recowpress at point €, following the same line from C to B aid
then along curve AB toward A, ‘Lhe recompression from C to B is at con- -

-stant internal emergy per reference volume and constant pressure.

Point C in Illustration 1 is not a fixed point for all waler zones,
but just the p-V point at which a particular zone begins to recompress.

~Also note that curve AB is not a curve of constant internal cnergy, k.

A trivial limiting case for this type of reloading is a water zone
that reloads before the time of 500 psec, with a pressure always greater
than -25 bars. Such a zone never leaves the expansion adiabat at negative

pressuxes and no special logic is required to handle this case.

The second type of reloading path occurs when the water i in Lension
at 500 psec. The path in the p-V plane is then quite different from that
shown in the previous illustration. Illustration 2 shows a typical zone

path.
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] p (pressure)
A H
G S D <«—1- F V (relative volume)
Cj'"_ ';—-——b——‘
|
|
|
|
|
25 bars _“.v.”.“..“.u.“.,B — -

Illustration 2, Water in tension aﬁ 500 psec.

Again, AB is an expansion adiabat ending at -25 bars and BC represents

an expansion at constant pressure and constant internal energy per reference

volume E. At 500 psec, the zone is at point C. When the minimum allowable

pressure is reset to zero, the zone state jumps from point C to point D,

This jump occurs at constant relative volume and at constant internal encr-
£y, E.
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Any further expansiod of the zone after 500 psecc occurs at zero
pressure and, therefore, at comstant internal energy, E. This expansion
ends at point F, Recompression from point ¥, occcurtring at zero pressurc
and constant iuternal energy, is requircd Lo arrive at point G. Point G
is an cquation-of-state point, i.e,, the values of p, V, and E at this
point satisfy the equation of state. Any additional compression from
point G follows curve GH, an adiabat or a Hugoniot, and results in posi-

tive pressure,

The discussion for Illustration 2 can be summarized by the cquations:

= «25 bars,

=
=
‘l
=
o
i

and

o
i

Pp = Pp = 0.0,
with the additional conditions that points B and G satisfy the water equa-
tion of state. The letter subscript on p and E indicates the value of the

- variable at that point,

The limiting case of the second type of reloading path, analogous to,
the limiting case of the first type, is shown in Illustration 3. lHere
watet is in tension at 500 psec, but the pressure is always greater than

~25 bars.

AB is the expansion adiabat, and at 500 psec the zone is at point B.
When the minimum allowable pressure is set to zero, the zone jumps to point
D. The jump is at constant vrelative volume and at constant internal energy.
Further cxpansion occurs at zero pressure to point F. Recompression at zero
pressure and constant internal energy is required Lo rcach point G, an equa-
tion of state point. Additiounal compression beyond G results in positive

pressures along GH, a lugoniot or adiabat.
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[ p (pressure)
A
H
& \ 6--D.. F V (relative volume) _
2 =
N
|
)
]
§
B
=25 barg v crreeresecsincreiiiii e

Illustration 3.

Water in tension at 500 psec,

Limiting case.

Point F in Illustrations 2 and 3 is not a fixed point, but merely

the p-V point at which a particular zone begins to recompress. It is

possible that-pointé D and F can coincide, This will occur when a zone

does not expand after 500 psec, but only recompresses from point D to

point G.
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&4, Definition,of Reéferénce Densities

Equations of state are usually written in a form which is independent
of the values of the reference density. However, the water and explosive
equations of state for Problem 43 do not have this property. Por these
equations of state, it is necessary to define reference densities as fol-

lows :

I

for ﬁater, ' p 1.0 g/ce

"

for the explosive, p_ = 1.67 g/cc

These definitions apply for any Problem 3 calculations.
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Do, REZBLLBACE, BICFLL 0 OBMHORA S 51E # % DHA
X?H lower plenum WOENXIOENT L, COMERERNcHEBETHD,
AL ICECOIC & W EBATL T\ 525, Z @ opening ' REXCO—HEP T3 E

D i 28I ic» T b,

T = F itk 5 opening OMEASHLT, FhtiiesFrkic 2T,
HICANLEB TSN IEFFTFOERNe S reovT2, 3EBL v,

FFFELHO fission-gas plenuﬁl ‘L mixed material 2L TEL O -
TV 5725 mixed material ORBHEXI EDORC L THREL DD,

mixed material LA &ME, Wk, B2 2L0THY, ZhoREOR
A bDDRBHBKORKDFEROFXCHFRIN T B,

ANL-7499 [Inelastic Response of Primary Reactor

Containment of High-Energy Excursions]

P N C 0 Bt B3 47 CLRE £ TR — F EORBEDO ko i IS EEL
TVEY, COLDHETHERED overestimate KW O T EALEENRD S,
ANLTEZ OBV BIEE 7\ 2,

ANLCThb T M E7%c> T\ 2, 81t REXCO-HEP =— Fit X 55 HD
BAMBECH 0, FEBEREYZRL 2B bR A5 RAAR L T,

COBOMBRGL THEA1 ) Tra— FEGFT29, ICECO € X 25

BTN TCE2RERTE 2 T it

bALw dipped plate IKHM T 287 structure KT 2 € Fa{LikfTF

olcl BB i,
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A) dipped plate W X B5EE LI, =F vl fThoatcl bbb, T D

BARKEAFTEREINL plate 2L tBfh o7,

Q) 17— ADHEHMNIEEOBE .
A) FRT2a—V, e=Fr o TRELRALY, BETH-7 RFXCO-HEP
% fAviz CRBR ORELZFEAT T IBM370,7195 CTCPU3 ~4nit THo e,

Q) FOLIFRD opening PHERIFCHEHK S 2EETS 508, ANL I OER
ENTH/IECLBL lower plenum OEFL opening ODBEK LY, %D
REINDE D0, NOKREE, BEEEEMAIRLASI A -2 — <1 Edk
DT ot Db,

A) BEINLBTUNACEREDOHAS A— 23— <J X fFl o T\,

Q) ANLTLHEIT 2 — VREDOLD DR VOEREThbR T35, TXT
ANLDAZTCEBETL D,
A) EtE, BNSEANLTIR I RERBMI Lo A<k, XTSRRI

{Stanford Research Institute) TEBIEHBENL T3,

) Na BEBBEHERD R
DR A" &
E B OB K
FiE : Eluid Dynamies Section
Reactor Analysis and Safety Division

2) W &
(i) OPERA

1 RFEX > 70EERSEL (LOF ), EEHEROBERSZ (LOPI), BXHOH

W@y BET oD FNER

(il CAMEL

Na circulation loop, Na-boiling DERBRTHIEE, LOFEHWRLT

- 178 —



Bo
i) #EH voiding EFDOEERE
Y7 F e X FZARDEEM voiding BOREBREEZ B0 (K-7vF )
HEAL R EEAR
M ZRKER (FCI) oXEBER
(7var—), (7vadr—k), (K-il)EOEERELHAV (EQERFE

DAH=XLREDIDDEREYTHE - T b,
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8.

81

F Yy o —KFISERAER O (L #)

L7 =
FELET I TEoDAZ L H#gR L v, HMIER, ssREEBEX £ L Question &

Discussion List =AM L1,

F#81—1 EHEMETIcEEY LA

GE.oeeemnnn F.E. Tippets (Manager. Component Development)
AI:w-w-e- John McDonald (LMFBR Heat Transport Eguipment
System)

LMEC - W.S.De Bear (Manager, SCT I LLTR)
ANL-eeeeee Robert S. Zeno (Director. Components Technology

Division )

AL TR, ThZhEKE L ST ABBBHOCHDAE S 2L TTEske ATHIZLM
EC:ER#MTEY, LMECOBHKRFEELZEL Lt John McDonald ti3&%
fhof, ERLMECOFHIEL THBREHETOBBEBSRICERL, HBTORER,
MASEFBSHFCofc, BHERLHLO 2 2 P T LME CHMKREL TEFRRD
J.-C.CochrandHRBIWVTHS 9 LDT :THok, (LMECOHERICOV TR
%) |

Q@ &D List R5RAB»o74aY, (NEREH, Stm, SsR%E, ERFAEREL T
RQLLTROFBREROFMicEL T, @)V —2v 27~ 2BEL T, WEHKSGOB
BECELT, ORYV— 278 —F (SWAAM-I )k T5dDLico TvBH, TD5
H G ETR{)~4), AI/LMEC<T(1), (2), 4}, ANL Tix(1), (@), GBIk Lic, 2D
Y 2 MEFHEETEIFRHAL TN T, ZhiciB- THBL K hicn T, FFBHTE-

2o

SUHMETOEERE, Agenda FRDER OV TI D,
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12:

11
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:30

40

.10

10

40

Q0

30

100
130
120
140

140

100
120

:30

115

00

00

#81—2 GET®O Agenda RUBmE£ZE (8RR 22H)

Welcome. Introduction

Large Leak test program

(F-E. Tippets )

(J-C-Whipple )

«QOverview of series ] and series 1

»Experimental setup for series [

= Physical observations from series [

Comparison of analysis with experiment CJ.0.Bradfute ]

for series [

Sodium/water reaction wastage and leak

behavior test results

[(P.M.Magee ]

Recovery from sodium-water reaction incident

[{G.B.Kruger ]

Presentation on SWAT—1 and SWAT-3 CH-Hiroi]
Lunech

Continued discussion

Presentation on pipe rupture (T- Tsuyukil
Leave for San Jose facility tour (C.S8tory]

San Jose facility

Depart San Jose facility

{D.A.Greene, F.Addorno)

(&#HiL F.E. Tippets BXE£TH, L H8FXP 5, )

%81—3 LMECT® Agenda RUmaE (8H248)

ERIALTAEE

J.C.Cochran (FRE ) d\&D

* LMEC#£1{k, LLTR®DESM

- LLTRHEBRER

- B E~ORZ

B &
FRHID D DOFEE
LLTR, SCTIR#
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(W.8.DeBear, V.A. Neely,
A.E.Miller )



14:00 PNC»eDO#®E
( AI?% M. J.Cabler, G. S.Shimozono #&1m)
15:30 S J2keEok-
16:10 EEIALITEE
16:40 LMECH%
(&&mP, "B ARAS)

£81—4 ANLT® Agenda RU'EH&®E (8H26H8)

9:00 L LTR®:Hfi, SWAAM—] OHE [(R-A-Valentin]
10:00 (1) Water-side hydrodynamics {G.F.Berry)

{2} Inelastic shell dynamies {H-C.Lin]

(3) 2-D Sodium-side hydrodynamics LY. W.8hin])

(4 1-D Piping system dynamics [C.K.Youngdahl]
12:30 & &

13:10 ANLWEBETRE
13:30 SGTFH= (D. Frank]
14:00 PNC»oDFH
(R- 8. Zeno &M )
15:00 (5} Rupture disk response [R-A.Valentin]
15:30 Discussion
16:20 BAIADRESE
17:00 ANLHZ

(zmf, CT Division @ picenic &ML, )

8.2 KV—2 -7 Y vas—KEIGHEOKHRCETE
KEOKY—2 - 7+ )V s —KBIEHEIE S SOBBERBEL T2, LOFTGE
ORLTAHREnRAEL, LMECRHMLABIC: [MrvZ bR SROFTHEEK 2T
EGETHVTh] LtEDLh B ETHD, FBRECORFILTOLRITH L,
GE# (1) HEWMME<i—v At
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(2)

LMEC (1

AT (1}

FWEC (1)
ANL (1)

(@)

#E22 Series I, Series [ Zgt@InTFY,

HEEE (KBATEY) 7 22 RURRBOMEFT EX S )

ARER AT © O FHil

LLID (Large Leak Injection Device) D3Er, Bk

Series [ FBO-ODOCRBRPAZ 7 F+ 77V —DFFE )

A E R

- s EH

Series 1 REBRAOMEK, R

Series  HEEO#A»DOLLTRITEDOHKET, B
M 8 G Dt

Series I HBRO#HOLLTRDHE, £
Series I HEBROAHOLL I DOZKE, HE
Series | #HBRDOHDOLLTVORE, BE
HERNV 2T A POV E 2—

SWAAM-1 @ ( Series | HBER#R OFA4T )

Series ] tXFBRME2EH LI O M

< (B8 4—1%W), Series [EHLE—EDRBEELFEHL (5088 THD

(E83—4&R ).

HEEHAIBTOLB D TH D,

Series I

Series I

(1)

Na —KE BT = — F TRANSWRAP [OWERA 77— 2285,
BMERFETF— 22/ 5.

tilk, BRCBAL7T— 2285,
ERE_RBHRCETET— 2%% 5%,

DBL ( Design Basis Leak) BOE—2FNEERHIKRET 2.
MEIBYIEO DT — 225,

KR EET —2%H 5%,

e, BhcEIs7—2%%K 5.

ChECcORBECSBEOTEBZKOMAY TS bo
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76 77 78 79

i L 1 1 r L ] L L L 1 L (] : f 1 1 L 1 1 L . L 1 |

Phase [ v v ¥ VY v
#1 #2 #3  #4#5 F#6
Phase T LL TVHE v o LLTRZE w
LLTI #4e 7 v AEE A

83 LLTRFERMBE
831 £ &

Na FOVHEERN %X 83 -1 AT, PNCOSWAT3 k&L T, EHEEAD
SGEFATHHELIFBEYUATSDD, o THERI2EZHEZY, TD7 75+
(RD—1, RD—2 )& EED 225psi 2\ g Vv vEEE AL, ERFRKITY
AFAOBEE3 50 FRECTREIN TV, HHREIEFHBORIEY CHEI LTS,
KEBHBADS 77 + R EES 5 psi T D, FEPOKEBE (MSG Test Article)
DFEMIEE 8 4 —1 B Ro

HEXFOLHEERZM83 —20ATe 22 T— 120 s>r2T— 2 KH LICRE
THBA T b NS, EARE AR turbine meter., drag disk HEMAI L TW

Do

8.3.2 LLID(Large Leak Injection Device)

SWAT—3 T 77 F +WHERTIFEAL T4, T CRERESCIOIREEANT]
EoTHAHATHH, M83—3KLLIDARLA, ThETOHRTIL" ¥rF v
BE” HROZTH D,

800psi BEDON, #RATE b 2R R, EREXIEDLY O, GEH
DER} > DOEHEHBIEAK crush snubber HEEAZ L T 5,

P SR A RRBEHREER SR, UFEIELVTHD, i, GRETOMELR
HER TWaEH, Chic I hdVFE0oMBR 1" BRETS 5,

833 vx=xr7F—IHIE

LLTRCEFE—DOREEEMO T IRBEIBROEINSE, - (HEEL 2 TERE
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DWH, ZRRE, v 27 —oFBEL Tod, BRI~V v 2 Y — 2 KEETHH,
ERIXBCL5BEcREZIRD, (ERCIBEERETS, )
VEaRTF—JAFIBERCIBIDOTHY, TONABRTEOL IR LD TH5,

v 7 YN ANeA YA

AT T

i v v

/ I / / Signal Cable

I\
, 60 ma FEHE Mechanical Drive Cable
Spring

(Fh&ivitdo)

FRY BRI DHT T D,
THFax=a2TH0K

oy —SEBIciEREO LS tube sheet
-/
BATY L IHTTERY, £ Drive Cable —
Y—EBCBRIb L Fxyr ( —
Signal LI
DIt b cHMK fit Cable
TNHEETH D,
HIEREXL 2mil Th 5 e FR P E—ZR
Yol e Wl ol

DELTholeds, /4 XAK

TR 4mil BETH55, & —>

EEd, REREHFAMNCEOR

BDASITF AP E—RFFBHE & THERFRbRLD,
(EHESR )

EfBEIESFEMEL CRsr—720RI 68 H
L, BAREL TaRA—AE 0 THAL, HOT,

TDOAERERAL B LD ETHSD,

=7 ADBEAX, KEE BE AT HRAFERAL

Tvdo MDY WHR—7 T 50 CHA K EE R i
X5 TBo l
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834 LLTV (Large Leak Test Vessel)
Series I AA® vessel T&5, M8 3 —4kZONBEH%, 83—5KLLTV
CERBINANEHEEY (LLTI) 2R ¥,
LLTVEEEA—DBEEXHFL T\ 5%, hockey stick BT\ ZHNRT
3. EREAKLEIHBEESHH L 755K THVIHFEICS Vo 1K, hockey stick
Tl FESD tube sheet tX movable 7o THK D, ENHGCREOERRATE2S,

s ) BEGPREE COEKREABEBL COHLEDI L TH- T,

8.4 L LT RODERER KU

841 #i =
84—l RCNECHAAbUEEREGHERUCERSEROELDET L, RRO 7
F— A IEKE, EAGEB TS, M8 4— 1 K ZOEKMERCHRBEOBEERL 2.
$1EUH 2 THERBRLAESRESR ISR LR, $#3 TEELRP>LDT
$4, $5HEEE NI, $#5EKEBEERERDIECN: #AXEAILLOT non-
reactive ABTHbH, COROEKBEREI#F 4D 85% Tholc DT &,
SR OMA NES TEBEFAT T, BREYIHL TV H X =7 OMREER
KR ESR S, BAR~FL B ELRLE> T, §2 2@BFT LN T 2,

842 F¥y2

(1) %2 CEBSOEMNBE L. EHOEL LMBREKADEH TS (H84—-28
ﬁ)oitXﬁ&%Kiéﬁ%%%®&f&6®@%%%.%%Ltﬁﬁ§$ﬁ%@%m
BFBETHS, 6 RTHEBEL THRETHTELOL L, TR ORE K2V T HEIHA N
Bohithrol,
¥4 0 O, EAREO LY (FAEFB—B/ -BE) THERBLELL.

@ #2, +3RBBPE, ¥T 22— 7K LHABRBZOKR, RBFOTH, rrr&EED
WO/ X A0k G ERDCBRE L Tk (B84 -38R ).

B)#Ifﬁﬁ%57f+ﬁ®$w%ﬁittomm%me%KR&ﬂ,L%KRD&
HBT B TV BA, RD-1@ERe ¥, RD—2 BXBEOAEERAITH- 7,
ERERTVAEI7F+ L, RS2 Vv /B4 7HEDSDTHHHAFIKE
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843

HETDHS,

AEREE L4 7D HABMBAHCEL, 7 F+WERE Sy 2 ) » IR LERE,
FAZR Lo TR ER TR I A— 1 DORBIBLELDLEELION TD, ZOHON
EELTHA 7OME®S.8.30425617—7TPH KEEL, DBEAHEHREIEL T\

Lo

EXREOHIE & M

HEAEE Na —KELOBRIEER A7 A—-2T550, BRTIZOEEAERCE
TV, CORKENT, RKEORFILHFEICRRD o foDEH, KEIC I\ THEIR
L[EffIc fast transient

@f—ﬂoiﬁbn‘ctﬁﬂso?‘:o F502 (iﬁﬁu’ 2% A4 )\";()

HEe i icF— 4k water
N
turbine flow meter T

. . . sieam [T
IZDﬁu%%%ﬁH’C é")fu...o T&’J?‘Cfc&)
TOMBIEHO L 5 TR

{LMECKKT )., ME»S 4gpm(C.25£/Sec.

BB X5 SR O 6 iOm

R oxr—r—TtdhHh, Fi

F503
total mass flow rate
HE->ThvwhEnTF— 246
FEHETOEERE 3 DT,
HEXKEBOMESLR LETEER

Abe L A0 2 . ,
0 10 sec

Thot,
o, BB AEHBME EL TVWB 2, ThEPBEFETHERRIITLNA T,
GET{Titbn T\»%5 TRANSWRAP K kL EtEHER %M 84 —~4ic, RELAP—4
L 5T AHER*M 84 —-50mT, RELAP—-4 DR EREL T, NEFERERT—
FORETMEXFERAL T\ 5, QEKEEADZA )74, BEEAQADF V7 4 RERSZ
A FY AL CGEAREERAT VD,

LL, ThoostHiku T3 ANLTeH 2 4> ME ( ANLTIE G. Berry #oD
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2 —FERAEL VB, 328 B 28 2K ) TRANSWRAP L2485 OFt&E»
TERVEFTSD, RELAP—44iX slow transient BA LB 322 T
AP

WFheLtd, RREZL0EEMNREBR CE b, AFDO=— FTHEHE N
e EKECRAEEND Y LEL T\,

B84—4, 84—5»545L5, TRANSWRAP ¢ RELAP—4 OHEBERFET
BBDERKE SN2 — v HF L RIeo (Do Fhe, B8 4—5T¥r 7 L«
M o O HESFTHE R C0523, TOHEL, R84 -1 KRENDBEKK (22—
€ric L BREME L BbR D ) BB TV B, COACEL TE, B
HU BT o DBEHEMEG O o,

8.4.4 RENHERER
LLTRTCOERERAYMB4—6~F84—9kART, BERE1E»654 BORER
T—2T35e LLTRIZSWAT—3 & BhoTHA— #REM%E b/ hockey
stick BOTENEE S SWAT—3 ObD LR B, ENOIMXEOIHNTS Ewv,
L, B8 4—1OEKERELVETHE, BAROEEBLEIRFEILSEY 260
RTiev, Pl HEAERBL L BB K bbb FEAY - 2ERBEAEFHL T
HHL, ENDBBLAIGL T\,

845 Efiz— Vo
ATERRLOLBEHB84—-10~84— 12 tRT, B TRANSWRAP Tfikb
NIcLDTHB, EKELXZRELAP—4 ¥ A THEHEL TWAHDY, REKET LI

TRANSWRAP oF 4 — 7 {ERE S,

EHE— 2o gt " =

Woe R R TRNSVRNC | BRI
SWR—1 420 psi 460 psi 780 psi
SWR—2 436 (500) 400 —
SWR~3 370 580 780
SWR—4 330 531 590
SWR—5 290 i 448
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85

851

84—10~84—1225685L5k, SWR—1, SWR—2 @=®RER: X<—%KL
T\ B4, SWR—3 THEESREALL OB TTVA (SWR—4 THEMRT S,
FDtd SWR—05 HStEE i oe & OA—FKOFEER, EXKEORFELEIFVADT
555 2\30H, ANL® Valentin DBRTd ok

ki, ChoOET, K—AKEOERBRLIX06 7THEAL TW54, CAESUPER
NOAH OREALRDOAFHERLORDIE SO THD, KRAARER = F 0 £ —RFF
KMHIE T — FOBTABNICEBLR T\ 52, *OBRTE2300F (1260C) &
o T B LL, EFE{ETIZI300~1600FRBELDIETDHNo
EHE—2cETsE CLBEAS NEKOREHELLHER, TREFT LIS KHRERL

INEHRBET B0 & OBEIFFCEMBL I VLEE - T,

f;tp qdt
SWR—1 0.030 (1b)
SWR—2 0.009
SWR—3 0.012
SWR—4 0.007

SWAAM—] FA%E

SWAAM~1 O &

SWAAM—TI (Sodium Water Advanced Analysis Method) KXY —7 - Na
— KRBT ANLTEEROSDTS S,

SHOBHEES 5 —1 KET. = va—rH, [SWAAM-1 MAIN] &
[REACTION ZONE KINETICSI# % £ZREXT D%, F DD ET 2 — ML

MLIEXIN TV 5,

[WATER—SIDE HYDRODYNAMICS] SMiRT—4, B2,/8
[1—D PIPING SYSTEM DYNAMICS] SMiRT—4, B2/6
[ELASTIC/PLASTIC OPTION SMiRT—4, B1,/7
[RUPTURE DISK RESPONSE] SMiRT—4, M7.2

L%4o@%v;—»momrmSMiEP4f%ﬁénfﬁo,az%mﬁﬁbto
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[INELASTIC SHELL DYNAMICS] SMiRT—3, F4,6
[2—D SODIUM—SIDE HYDRODYNAMICSJ SMijRT—3, F4,5
FE 220D va—rig oW TEECERDH, SMiRT-3 CTREE N T 5,
Ihod SWAAM—I L BHRATA D SWACS =~ ML DOXILEFKR 85— 1 KHR T o

8502 INELASTIC SHELL DYNAMICS '
AR ROEMNHKBFEAMNBERCBEMNLENELBMb - 123580 HFEIC “ endochronic
theory” ¥ #HL T, LT THCyz A+ DERFRIN TR T 5,

0o, 0oy du w oy 0Ooy Ou

w
T b S T TR S
00xy Ow w
— __d ——
at #() ax 3 R
b Mg HEN
005 _p0u__ 9y 00x _ g 0w _ G_a p(x.t)
3x “ R Oz Bt H

D5 B HEFEEEY AVCTECTV%, 2O, 22008FF

C=((1—Eu02)p)% Csz(ﬁ;?)%
X - THISINED, Cillongitudinal wave speed, Csik shear wave
speed TH A,
SIEERSE0HML, SMiRT—3, F 4.6 5\ % “ Nuclear Engineering

and Design” Vol. 35, # 2 (1975) &K,

853 2~D SODIUM—SIDE HYDRODYNAMICS
QWEDEBERILL TDO L b,

BERT
aﬂ 0o 0p av vy
<5, T -—dx+vd—+p( dy+u;)—o (1)

(LKL, EAEEcR v=0, UEBET v=1 )
HEBERE
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du Ou ou 1 0p

at-+u ax-+v 8y'+7EEET4"FX =0 {2)
Ov ov Ov 1 813 .
5t+uax+vay+;ay+FY—0 {3)
T #H(EZExrrrE-)
dP = C2do (C=const) (4)
1 E4)D 5
op , OB 0p ., Ou Ov. vy
dta—uax—%vay-+pc (ax4—8y+-uy)-—o (5)

cow, E0(2), (3), BRSNS ETHRI D, 2 RITTOREHREOBMERE X
#— 4t bicharacteristic method (AFHMBE IXEAL T2, EAEER

85 —20 X5 ELEE

0

1—=P: p—p1+u—ﬂ1+At(a—;+ V%)=—At-(]§‘x)1
Ov v

2—P: -p—pz—u+uz+at(—""‘ay+1/-y—)= at: (Fx)a
Ou v

3—P: p—Pstv—v;tat (ax—i_’/?):—”_At.(Fy)a
Ou v

4—P: p—pr—v+vy+At(zE4~V;)== st (Fyds

DEFRBRBOND .

H85—3KRET3R0OHENF bR Twh, 7R Py —RALIRIDIIVRE
N s BIEC BB . & OSSR EOMNE, FREREES S5 — LRI
(—&LTV%O%ﬁﬁﬁ&@%%?@ih%b%f*bt%®fé%o?Xh#—zé
ERAEES ¥ EAEGGEETHIEE T 5, STEOKRERY 1 RITOEBER L ORHHEE
B, B EEBELALOYEE 5 —5 AT 7 Xy — 23 EBEERERICENES
ERTANETHH, 2 00HBAr — s R HBLALIDOERB S —6RAT . SN
HLBEINLAF—2DHERLL 22Ty 7HMELTTER, FEFHAERTES C
BB o

— 194 —



86

87

V-2 BHBROBRE

H86—1cCRBROBKERERT ., MHAX S 7 F +H|{EMNL T, Reaction
Product Separator Tank (RPST), Centrifugal Separator (CS) »o#m
ERTVv2, [bALw] OERMBEBCHICTAMABFHRB R > TWHOBHFEHTH
e RPSTRTELZXTEV, SHEERAS®LEH LD L TH oI,
RPST%E&G—ZK%?QRPST@Am;f»mayﬁﬁﬁ@%ﬁf@K%ﬁbn
TR, TOBRLAZFALTCRPS TEHVTIKEAFRLF MY va B HHERIS L
LTwd, LRV - 2BHRORBBREA K v m—ABRT B T 5,

) -7 BHEOBREIN PV DBEEERYI - DBELTHTTERERL TS,
B86—3, 86 —4dixrzhPhHAEN Twbevy 2%5RT, AE»LL85L5
KANRTODEY 2 —AHBFREINTE2 DT, BELBIBEZESFRL TiThbh T35,
[PAL®] Oa=y EICHTHE P F—HDRY) v F D—DTd 5B,

CnoOBEEMCET S 5BEOREEE 2 U TRAT,

{1} BHERET —PNES (RPST) 0BREREE

(i} L LTRHKEBRERDOF B
i) in place TOELEE
i) ASME XI.DIVISION 3 wk#o < BHE
2 S GEATOW®AEE
(I} =BED> > LA BHORE
(i) &

i) 4>y —ex-Ary2x2vryCBERERD “EHHOLD LK HE
(3) SGOoHEMERIE
(i) ter
i)y @k

N — 2 EER
by —EBRICOVTGCE T2 FTELLY, TEMAAHE D) — 2 ERIETETHL
hllshote, EBRAD Ny e EFERL T, FERhtro0RheRBr o tdo i,
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CRBREBWTS)—2O05ER I EE, BEEC 2V TELH-LonHS 7—1

Tdb,
10°~10% gh/sec - 77F v BEBEREE TRM. BILARER, SGORE, o —
(KV—=2) FUYEBEITHRE S
1072 ~10° £b/sec -+ KEEH, ZTRROEN, ZRREES » 2 D v <1 TR, 18
(kY —2) Bt KFEER, 57 F BB sr LA

7'3:\:‘0
5X107%~107% LhGec- - KFEIN THt. BEEGRE~HENEE kv X 5 FHEE,
(Y —2)
5X10°° £b sec AT - tRIHATEE . kit

(=d42my—2)

£72, M8 7 -2 CRBROSGIRBIAE ) — 7B BEH OHBERT, ) — 2 B HEE
TELHRTHBTHHATS 3,

ERERKSDVUL, BEKTLILtr7 - v 225 — JIKCET5 phase'] DEROI
% 3 i,
(1) phase I &L T3 4EfTbiy:, TOILIADHRTLrY « ¥ 22 F—
X H5H@BABEL T5,
TH (BHEES 860TF)
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@—) o P/;:)G
25 Ltone
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Drain Line Valve
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TEST CONDITIONS
Test Date

DEG Leak Site

%84~1

Duration of Injection
Injection Rate (Max.)

Na/HZO Temps., at Leak Site

TEST RESULTS

Peak Pressure Measured in

Test Article

Max. Temps. Measured

Measure Wastage of Surrounding

Tubes (By UT)

He Leak Indication After Test
Deformation of Tubes by X-Ray

Extent of Reaction Product

Residual

Agreement with TRANSWRAP Predic-

tions

LARGE LEAK SERIES 1 TEST RESULT SUMMARY

TEST #1 TEST #2 TEST #3 TEST #4 *TEST #5
7/24/76 12/10/76 4/12/77 1/7/17 8/%/77
4'-10" Above 20° 8-1/2" 1-3/4" From 1-3/4" From 1-3/4" From
Lower T.S. Above Lower Upper T.S. Upper T.S. Upper T.S.

T.S.
10 sec. 10 sec, 5 sec. 3 sec. 3 sec.
2.5 1b/sec 2.5 1b/sec 8 1b/sec 4 1b/sec 4 1b/sec
§75/551°F 640/583°F 800/590°F 800/700°F 800/700°F

350-500 psia

-~1500°F

4-16 mils

7 TEbes @ ,
407580 10°
NONE

STight

Good

400-500 psia

~7300°F
4 mils max

NONE

Bowing of
Secondary Tubes
Near Leak Site

Heavier Below
Lower Window

Good

300-350 psia

A1600°F
4 mils max

NONE

NONE

Additional
Buildup Below
Lower Window +
Above Lower
Window

Code Qver-
Predicted

Data shown is preliminary.

*Nitrogen used in place of H20 for Test No. 5.

350-450 psia

~1500°F
T8D

NONE

NONE

S1ight Deposit
on Tubes at
Upper Window.
No Significant
Additional
Buildup Below
Lower Window.

Code Over-
Predicted

250-400 psia

800°F
TBD

T8D

NONE

No Change

Code Qver-
Predicted
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LHEC DIGITIZED DATA AT 18.000 PER SECOND
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DYNAMICS HYDRODYNAMICS KINETICS HYDRODYNAMICS
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PTAC B2/8
1-D PIPING SYSTEM STEAM/WATER
DYNAMICS PROPERTIES
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%2

{C) TEST CASE 3 { PROPAGATION OF PLANE PRESSURE PULSE )
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