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f.tESEARCH INFOR.hiATiot~ tEITfR #28: MELT/CONCRETE 
11ffEAACTI6NS . ·. 

This Reseai"Ch Information letter descpfbes the INTER-1 code for 
(.aleulating the f!ffects of interaction betw.-~ molten materials and 
coocrete and tbe experimental data base ff1)m which it was developed. 

Introduction 

Pro.grams sponsored by the Division of Rea<=tor Safety R€Search are belptng 
to eharacterize pheoo.-nena expected to occur during postulated fuel melt 
accidents in light-water reacto'f'S. The principal incentive for such work 
1s to impro-ve the ability to provide quantitative assessments of risks 
which will assist NRR in making decisions ~egarding design and siting .. · 
Its justi'fication has been documented in the Reactor Safety Study 
(WASH-14-00)1. and 'bl letters ff'OOl the Advisory Commfttee on Reactor 
Safeguards.2 •8 · 

In its analysis of physical prot;esses encountered durfog ·vai"fous meltdown 
seeoor-fos, the Reactor safety Study identified the interaction between 
molten matertals and e-0ncrete as a significant factor fo determin1ng the 
time and mode of containment failure. Specific CfJestions f>a1sed included 
·the rate$ direction and fi'iechanism of erosion of the ·eoncret~; the rate of 
i'el~s~ ~nd tlte chemical forms of decomposition gases and fission pr>oducts;' 
the effects of the chemical composition of the <;oncrete; and the uncertainties 
associated w1th sealing.. The scarcity of appHcable data necessary te · 
improve the available model led RSR to initiate the researeh desCl"ibed \Jere. 

· .. ·. ·::·:·: :·. : ~ ., .... -"--

~Oz. . ... ....,....._ 

11 w. A. Carbfener, et al, nphysical Processes ftl ReactOf" Meltdown 
(NURES 75/-014), LJnited States Nuclear Regulatory Cemm1ssion. October 1975. 

y ACRS Report on water Reactor Safety Research, N.. R. Stratton to 
D .. l. Rav. November 20 .. 1974. · 
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E. G. Case and R. B. Minogue ~2-

An improved model based on experiments with prototypical mater1~1s fs 
now available as a resu1t. 

R~sults 

Results frem the reseal"Ch are organized into thi"ee gi~oups der1ved from 
1) scmal'"ate effects exper"iments. 2) integrai experiments. an<! 3) model 
develoomant and verificativa. Results from each of these activities are 
highlighted be1ow an<i described in detail in Enclosure 1.~ Additional 
work being conducted to <:omplete this {w-09ram is also identified. 

1. Separate effects experiments are those.which are des1gned to differentiate 
among s1mu1taneous and potentially competitive theri_nal 11 mechan1ca1, 
and chemical phenomena occurring during the interaction. 

The thGrmal response of several prototypical eompositions of concr .. ete 
has been investigated by various thermoana1ytica1 techniques (e.g •• 
differential therma1 analysis and ·thermogravimetric analysis). 
Dehydration and d~arboxylat1on of cur.eel specimens occur over the ranges 
30·500°C and 550-soo~c, respectively. First~order react1on rates 
accurately describe the two distinct dehydration processes observed. 
The decarboxylation data fit a fi:action rate law of two-thirds order. 
These data are necessary to quantify the rates at whi~h gases are 
evolved from concrete dm1·ing the 1nt_egral fntaraction .. 

Monolithic spec1mens or eoncrete hav~ been subjected to controlled 
thermal fluxes fn order to measure rates of erosion- Erosion is linear 
with time for a given heat flux, after co~rection for thermal losses 
through reflection and radiation (F1gul"e 1). The dominant mode of 
erosion is quiescent tnelt1ng of the cement (i.e., the binding material). 
With no d1'fferei1ces observed by varying the composition of the a9gi"e9ate 
mater1al. These data are necessary to interpret eros1on rates 
observed 1n 1ntegra l experiments. 

2. Integral experiments are those in which prototypical molten matel"ials 
.contaet concrete. · 

In "large .. scaleJI experiments, up to 200 k9 of molten steel (·1700C) 
have been poured 1n·to 1,mncr~te crucibles. Figure 2 1ndica.tes the 
appearance ef the ensuing 1nteract1on. In "small .. scale" experiments~ 

y D4 A. Powers, et al. 1•Exp1oratory Study of Molten Core Material/ 
Concrete Interactions, July 1975 - March 1977..'1 S.'Vto·77-2042. 
sand1a Laboratories, December 1977.· 

'. 
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Figure l. Experimentally measured rates of erosion of two types of concrete· as a· 
function of heat flux. The range of heat fluxes encompasses those anticipated 
for a postulated fuel melt accident. 
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EARLY STAGES OF INTERACTION IN WHICH 200KG OF MOLTEN STEEL IS POURED 
INTO A CONCRETE CRUCIBLE. AS THE MELT COOLS, RATES OF GAS GENERATION 

DECREASE AND THE FLAMES EMANATING FROM THE SURFACE OF THE MELT SUBSIDE. 



E. G. Case and R. B. Minogue -s- _,.,,..,.,-· 

tW to 15 .kg of molten refraetory exides ( .. Z800°C) have .been generated 
via a thennite reaction within concrete crucibles. · 

The pt~1ncipal parameters tnvest1gated inc1ude composition of the 
concrete; mass, temperature and eompositfon of the molten material; 
and the geometry of the interfacia1 ~ontact area.. In addition to 
qualitative identification of phenomena by visual observations during 
the experiment, quantitative results are provided by instrumentation 
and post-test examination. 

The eooclus.ions drawn from these expartments inelude too following: 

- £ros1on of concrete is thermally dominated~ wfth insign1ficant 
eontr1butions from mechanical and chemical effects. 

.. The prine1pal mechanism of eros1on is melting of the binding 
material, with no significant qua1 itative differences caused by 
changing the composition of the aggregate. · 

... The composition of the concrete de·ienntnes the composition and 
masses of ga.ses released at the interface of the melt and concrete. 

• Turbulence and essentially isothermal eondit1ons are 1nduced in 
the melt by the passage of decomposition gases. 

- Hydrogen and cal"bon monoxide are among the gases evolved from 
the surface of t~ melt and they burn upon contacting a1r. Th1s 
indicates that the tt2o and COz released ft~ the decomposing 
concrete are reduced clwmical1y. most 11kely by oxidiz1ng the 
metallic constituents of the melt. 

3.. fti.odel development and verification .. 

The experiments have culminated 1n an analytical model (INTER-1) of 
the wielt/concrete interaction ~n11ch can help extend their range of 
applicability. INTER-1 1s a phenomen-0logical model containing several 
empirically derfved constants such as the heat transfer coefficient 
at the melt/eonc~"ete interface. The code's principal outputs arc the 
rates o·f axial and radial penett-ation, the temperature of the melt, 
and the generation and chemical reactions of gases formed by the 
decotnpositton of concl'.,ete. Among the phenomena considered are 
convective stirring of the melt by evolved 9ases11 segregation of 
molten coi11ponef1ts into ox1d1c and meta11 ic layers, dissolution of 
daco1nposition products of concrete into the melt~ ehemical ~eactions, 
radiative beat loss from the surface of the melt, and heat transfer 
~t the melt/concl"ete 1nterface. The tode is described in more deta11 
in Enelosure 1. .. l ... - I . OFFICE,... . . 
.... ---··-··--·--·· .. ···----..... -.. "-····· ···-···------·--· ·······------·-··· ······--·---·--·-······ ._ .................................. _ ... , 

·SURNAME ii!> . 
··········-----.. ••••••••• .................... ___ , ................... ·······-·· ....... , ___ .............. ·····-------......................... ······-·----··~-···-···· ........ - ............. 0 ........... .. 

b"ATE ~ • ;••••HHHOHoO••HHHHHUHmo•HH••••• •••OOHHHHH•H'"•HHO•H••: .. :, .. ,, •• ,.. •••••mooououmomHuuuouuu:""••• •••••UOHUU•uoummmHOU•H•HOH••• •HUUHUHH•oHHHOHomuom••om••• •HHHHUOHHOOHHUOOH•OHOH•U 

NRC FORM 318 (9-76) NRCM 0240 



---... -~$-:--_:.,;.:;y•" 
-·-

E. G. Case and R. B. Minogue .. 6 .. 

Discussion 

The first of two phases of this research has been eomp1eted. Both 
qua1ita.tive and quantitative data have been generated~ Table 1 sulllfiariies 
the resulting ~nhancanent of the state-of-the-art. 

Add1tiooal efforts 1n each of the a~aas indicated are continuing. The 
snphasis during the remainder of this program is on developfog better 
models for d1rett1ona1 partitfoning of the heat flux during the interaction 
and on providing an independent data base ag~1nst Which INTER-1 and 
subsequent iw.proved versions can be verified. Aur.1l11ary activities, 
all ()f Which require improved quantitative Chal"acter1zation, Will examine 
release of fission products, chemical interactions among gases and 
components of the melt, and heat transfer at the melt/concr-ete interface .. 

The results rep0rted here have been widely exposed to expert review 
through extensive interim docwr.entatien and through numerous domest1c 
and fore1gn technical meetings {e.g. 11 ANS:o topical conferences, ACRS 11 

international safety 1nformat1or. exchanges}. RSR's Fu~l Vielt Review 
Group concluded that the work ~.as sufficiently matu~e, timely, inventive 
and technically sound that this Research Infonnation Letter be prepared.s 
The group also noted that "wh1Je the exact fmpact of this work on currant 
licensing practice rema1ns to be evaluated, 1t 1s felt that there are 
iniued1ate applkat1ons 1nvolv1ng the evaluation of "'~.(advanced re.actofkS) ••• 
and realistic ilSSessment of r1sk for LWR 's. n 

Since then, information from the program has been focorporated into 
integral models of meltdown :$Cenar-1os in LWR's for current RES-sponsol"ed 
analyses COiilf>arab 1 e to those in the Reactor Safety Study. NRR t1as a 1 so 
used INTER-1 to evaluate the inherent retention concept for proposed 
designs of advanced l"eactors. Sensitivity studies performed with the code 
by RSR aF"e helping to establish prior1tfos for further 1~esearch. Finally, 
the results of the program are applicable.to questions raised regarding 
the con1parabi1 ity of consequences of postulated meltdo\'Jn accidents at 
land ... based and f1oat1ng nuclear plants. 

~ ... , 
RES concludes that this research has achieved most of its fnitia1 
objectives and that the major safety .. f'elated phenomena during the 
melt/concrete interaction have been 1dentified. 

§/ Minutes of the WRSR Fuel Melt Rev1ew Group Meeting, March 7, 1977., 
· Albuquerque. New Mexicoa issued Apr11 6, 1977. 

I 

I 
' ' 

' OFFICE~ .............................................. : ...................................................................................................................................... ················-·····-·--·········--···· ...................................... ' 

"""":.::: _ : :=:::::·: = ::: :· : : =:::::::: : :·- ::::::::: :::::::::·:=:-- : : : :~ ::=::=-:_ : ::=: ::-=: - :::_=~-= ::::::::: ' \ . I I I l . 1·· . . :i 

NRC FGRM 318 (!>-76) NRCM 0240 * u: s. GOVl!:RNMENT PRINTING OFFICE! 1978- 826-!IU __ H ____ ------------~ 



, -

• TABLE l 

CHARACTERIZATION AND QUANTIFICATION 
OF MELT-CONCRETE INTERACTION 

Assumed in Wash-1400 Post-Wash--1400 

Concrete Aggregate Limestone Limestone and Basalt 

Significant Spalling Upon 
Initial Contact Yes No 

Initial Penetration Rate 7.5-15.2 cm/min Function of Heat Flux 
(30 minutes) ( 15-30 ft/hr) 

Steady State Penetration Rate "'3 cm/min Function of Heat Flux 

Agitation of Melt Yes Yes 

Solid Crust Yes No . 
Fission Product Release Function of Gas Generation UNDER INVESTIGATION 

H20 and co2 Generation Yes Yes 

H 2 and CO Generation No Yes 

H2 and CO Burning No Yes 

Partitioning of Heat Flux 
(i.e., Direction of Attack) 3 Models UNDER INVESTIGATION 

Effect of Rebar on Penetration 
Rate .... Not Significant Not Significant 

Time to Melt Through 1a(+10,-5)hr UNDER INVESTIGATION 

Scale Based on Bench Scale Up to 200 kg Melt So Far . 
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E. G. Case and R. B. Minogue ·S-

While direct extrapolation of the data to prototypical eonditions 
must always be made cautiously, enough confidence has been developed 
so that no fundamental d1'fferences 1n behavior are antici"pated 1n 
scaling to full-size systems. Reservat1ons exist regarding the 
application of INTER-1 to predict such variables as the time of 
containment me1tthrough or overpressurization. Additional planned 
experiments to verify the eode are GXpected to provide more confidence 
in its use. The model can best be utiliied in its current form to 
estimate the rel~tive significance of variations in par&~eters such as 
materials, properties and compositions, fotet'face heat transfer eoeff1c1entss 
geometry, etc. The above conclusions will continue to be svaluated as 
new information becomes available 1n the final stages <>f the program. 

flecoomendations 

The above results and discuss1on are offered for user off1ee consideration 
for application to ths identified regulatory need. The primary s1gnificance 
of the work described is the improved understand i.ng of phys 1ca 1 phenomena. 
RES recognizes that the results are unlikely to have significant near-term 
1mpact on current 11cens1ng procedures. It s~101J1d, however, provide 
additional background 1nformat1on useful 1n analyzing regulatory issues 
1nvolv1ng accidents beyond design basis events. The RES contact for any 
further <:lar1f1eation or evaluation of these results is or. Rqymond DiSalvo 
of the Probab111stic Analysis Staff. 

Original Slgnea '61. 

SaulL~~~ 

Saul Lev1n~, Director 
Office of Nuclear Regulatory Research 

cc: see next page 
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While direct extrapolation of the data to prototypical conditions 
must always be made cautiously, enough confidence has been developed 
so that no fundamental differences in behavior are antic1patep1 1n 
scaling to full-size systems. Reservations exist regarding/the 
application of INTER-1 to predict such variables as the ttme of 
containment mel tthrough or overpressurization. Addf tio~~-1 planned 
experiments to verify the code should provide more confidence in its 
use. The model can best be utilized in 1ts current form to estimate 
the relative significance of variations in parameter'S such as materials 
properties and compositions. interface heat tran~fer coefficients, 
georr~try, etc. Of course, the above conclusions' will continue to 
be evaluated as new information becomes available 1n the final stages 
of the program. /'/ · 

/~aul Levine, Director 
,,,/ Office 'of Nuclear Regulatory Research 
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