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1 Introduction

MELCOR 1/ is a fully-integrated, engincering-level computer code, being devel-
oped at Sandia National Laboratories for the U. S. Nuclear Regulatory Commission
(USNRC). that models the progression ¢f severe accidents in light water reactor nu-
clear power plants. The entire spectrum of severe accident phenomena, including
reactor coolant system and conteinment thermal/hydraulic response, core heatup.
degradation and relocation, and fission product release and transport, is treated in
MELCOR in a unified framework for both boiling water reactors and pressurized
water reactors. The MELCOR computer code has been developed to the point that
it is now being successfully applied in severe accident analyses. Some limited tech-
nical assessment activities have been performed to date {2}; however, there is now a
need to undertake a systematic program of verification and validation. To this end,
a number of assessment calculations are being done as part of a quality control and
technical assessmient program, including some repeats of analyses done in the carlier
assesstient effort. One of the new assessment calculations specified was test LACE
A1 with results documented in this report.

The LWR Aerosol Containinent Experiments (LACE) program i3] .s a coopera-
tive effort to investigate inherent aerosol behavior for postulated high consequence
accident situations where the existing database is inadequate and which are not being
addressed by other source term test projects. Accident situations being considered are
those for which high consequences are presently calculated in risk assessment studies
because either the containment is bypassed altogether, the containment function is
impaired carly in the accident. or delaved containment failure occurs simultaneousiy
with a large fission-product release. A series of six large-scale experiments has been
cor.ducted at the Containment Syetemns Test Facility (CSTFEF) at Hanford Engineering
[Yene fu;)l{le‘lx‘, I.d?)()t‘}ll(lr‘\‘ (H[Dl)

e MELCOR code has been weed 1o shnulate LACEH experiment LAT 456
The objective of test LAY was to perform an integral acrosol behavior test simulating
late containment failure with overlapping acrosol injection periods. In this test. the
Docor G sinoles and double-corponient s bvgroscopic and nonhygroscopic. acrosols
Goccondensine environmnont W snonitored,
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<hape factors and diameter limits in the aerosol input, and the degree to which plated
acrosols adhere to the walls or are washed off by draining liquid condensate filins.



2 Facility and Test Description

The experiinental set-up for test LA4 is illustrated in Figure 2.1. The 057001
containment vessel is a 852m® carbon steel vessel installed in a concrete pit. .
interior surfaces are coated with a 0.51mm-thick modified phenolic paint layer. with
a normal total ernissivity of 0.9; exterior surfaces are covered with a 2.5cm-thick layer
of fiberglass insulation with an outer aluminum vapor barrier. Additional details of
the containment vessel are provided in Table 2.1. The initial containment conditions
are summarized in Table 2.2.

The operation of the experiment was characterized by seven periods, as indicated
in Table 2.3. (The steam injections specified in that table were saturated at the cited
temperatures.) During the heatup portion of the test, steam was directed into the
vessel in order to increase the vessel atmospheric temperature by ~70K. Following
the heatip period. the first aerosol injected was CsOH, which is hygroscopic (water
soluble]. An insoluble aerosol, MnQO, was injected with the CsOH for a portion of the
acrosol injection period and continued to be injected after the CsOH injection v
terminated. A quasi-steady-state period followed the acrosol injections. The vessol
was then vented to the environment and allowed to cool down.

The containment vessel schematic in Figure 2.1 shows the various injection lines
and the vent near the upper portion of the vessel. The lower stearn line was ased for
injecting <team during vessel heatup and to provide a continuing <ource of steam {at o
much ~lower injection rate) to maintain quasi-steady-state operation during periods
2 threneh 50 The indection line for the acrosols was located near the midplane of
the weels steam and nitrogen were used as the carrier gas for the injected cero-of
Tiunde 2.1 gives the average aerosol injection rates, together with the acrodviion
fss inedian dicrmeter (AMMD) and geometrie standard deviation (GSD o be oo

for cachngection species and period.

[ acdition "o the conrces sumimarized in Tables 2.0 and 2.4 additional heaine oo
2oOEN s prov dea to the vessel throughout most of the test from =50 1o 1707000
Al aniaconnected natrurnent water cooling line leaked 002430 < of 150 warer o
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Table 2.1.

CSTE Containment

Dimensions
Inside Diameter
Total Height
Cylinder Height
Weight
Top and Bottom Heads
Cylinder
Penetrations and Plates
Internals

Heat Transfer Surface Areas
Top and Bottom Heads
Cyvlinder
Internals
Total to Fnvironment

Heat Transter Thicknesses
Top and Botrom Heads
Cylinder
Internals

Insulation
Thermal Conductivity
Speciie Hear Capacity
Pyes

Acrosol Nettling Surface Areas
Bortom Head

|H\|'I:.

ajs

Nero-ob Plarine sooface Areas
Ve e
froe

Vet lean P
Orritoce Dy
H cheecs Voo Bortarn
< c o, o

Vessel Properties for Test LACHE LAt

7.62m
20.3m
16.5m

9340kg each
51257kg
1720kg
14020kg

63m* cach
394m°
221m?
520m?

1.93c¢m cach
1.69¢cm
0.825cIn

0.0467W ., mn-K
7530 kg-K
9Gkg Ti”



Table 2.2. CSTF Containment Initial Conditions for Test LACE A4

Parameter (at t - -50min)

Pressure 107.0kPa
Average Gas Temperature 42.5C
Average Wall Temperature 12.5C
Average Water Temperature 11.9C
Sump Water Mass 950kg
Gas Composition normal air
Volumetric Steam Iraction 0.0730
Aerosol Concentration 0

C\ Lighting Power 269K

Ambient Air Temperatiure 518



Table 2.3. Thermal/Hydraulic Inputs Used for Test LACE LLA4

Sources
Period Tetart  LTing  Matenal Rate Temperature
(min)  (min) (g/s) (C)
1 - Heatup -50 0 steam 0.451 161
nitrogen  0.0027 160
nitrogen  0.0014 28
2 - CsOH Only 0 30.5 steam 0.029 167
steam 0.019 237
mtrogen 0.067 237
hehum  0.00059 237
argon (.00084 237
nitrogen  0.0016 28
3 - CsOH-MnO 305 50.5 steam 0.029 167
steam 0.019 253
nitrogen  0.066 253
helium  0.00059 258
argon (0.00084 250
nitrogen  .0018 28
4 - MO Only S0.5 02 stea 0.029 167
stedatn 0.019 262
ntrogen 0.067 260
helnam (1.00059 262
arvon (. 0D0KA 202
nitrogen (L0020 N
5 - Steady State X2 28000 Stednn (.029 167
nitrogen  0.0037 190
N rosen AREIENG 2s
o N RSN S0 Sl (g .7
HITrouen 00020 165
Hitreeen D001 28
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Table 2.4, Average Acrosol Injection Inputs for Test LACE LAY

Sources
Period T. .. T.u Acrosol  Rate AMMD GSD
(~) (<) (¢ =) {pm)

REERAEE Y § B G EPE AN il IR C~O 09149 1.25 [.K81
SO N IO Ix2o sosn0 OOl 0.949 RABA 1.X0

N 0.757 213 1.70
- MO Oy SIRRI S S B MO 0757 1.82 2.56



3 MELCOR Computer Model

Three control volumes (two representing environment), two flow paths and six heat
structures (two sets of three representing the roof, cylinder and floor of the vessel and
roof. vertical. and floor internals, respectively) are specified in the MELCOR model.

There is only one fully active control volume, representing the test vessel. [ts
volume-altitude table uses five entries to approximate the change in cross-sectional
arcia with elevation in the elliptical lower head; this detail was needed to more correctly
represent the sump pool liquid surface area as a function of pool deptli or volume
(important for steam condensation from the atmosphere, as discussed in Section 7.1).

A number of mass and ‘or energy sources are used to prescribe the steam, water
and nitrogen injections into the test vessel, as well as the lighting. The argon and
heliim injections are neglected. because they are so small relative to the steam and
nitrogen injections and to the vessel volume, and because neither was readily available
as «a built-in noncondensible gas with all required properties already in MELCOR.
Becase of the Hinitations on the total number of sources into a control volume in
MELCOR (--35). those injections at different rates but at constant terperatures
during several periods were sometimes combined into single mass/energy sources.

The two control volumes representing the environment, one used as the sink for
the leak path opened during the vent period and as the heat structure boundary
volime for the outside of the vessel, and the other used as the low-pressure boundary
on the ontside of the manual vent valve opened during the cooldown period. are
bhoth specificd 1o be time-independent volumes, remaining constant at the initial
thermal hydranlic conditions input. These time-specified volumes were initially =t
to very =mall volurnes, which uncovered a MELCOR code error; the code reduced the
heat transfor coeflicient from the outside heat structures to the boundary volume 1o
divpen expected temperature oseillations due to asmall inertia, as would be done for
a toodat control vonme. The problem was initially solved by increasing the volinies
of tre time-specified control volures: since then. the code itself has been corrected.

Fao ttow pathe are specified. One represents the leak path, and s a valve which

g opens and closes ar specitied times, The other models the manual vent vaive,
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The properties needed to model the fiberglass insulation were specified in the
MELCOR deck. The density and specific heat were set to the published values.
The cited thermal conductivity (given in Table 2.3) was increased to 0.10W /m-K to
represent degradation of the insulation, as done in the CONTAIN analysis (8,9, The
effect of increasing that thermal conductivity is discussed in Section 7.4,

The three heat structures representing internals were specified to be adiabatic
on one side. representing a symmetry condition. For all other boundary surfaces,
“external” heat transfer coeflicient correlations were used, with characteristic lengths
set to either the height (for the walls) or the diameter of the cylinder (for the floor
and roof). The critical pool and atmosphere fractions were set equal, to 1.0 for the
roof and wall structures, and to 0.0 for the floor structures.

Radiation heat transfer between structure and control volume atmosphere was
specified on all non-adiabatic surfaces, using the gray-gas model with an emissivity
set to 0.9 and a radiation path length of 4.15m (both equal to corresponding input
used in the CONTAIN model 9 ). The importance of including radiation heat transfer
was evaluated in Section 7.3,

The “floor”™ heat structures were input with cosa -1.01-07 to insure the proper
striucture orientation {1807). because we wanted to keep the left boundary as the inside
boundary, adjacent to the test vessel. for all cases, and the left boundary by default
{cosar 0) is the “lowest™ boundary for a rectangular. horizontal heat structure.

In the reference model, the temperatures inall steel heat <tructure nodes in the
vessel evlinder were set equal to the intial inside wall temnperature. and the tempera-
tures 1n all the fiberglass insulation heat structure nodes were st cqual to the initial
outside wall temperature. The ieat structures representing internal structure were
specified to =elf-initialize. A sensitivity study ix deseribed in Section 7.2 in which
the steady ~tate inttialization option was uscd for the temperature distributions in

i
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The aerosol particle density was specified as 2195kg/m?® and the dynamic shape
factor to be 1.85, both from the CONTAIN input. The agglomeration shape factor
was set to 2.25, from the MELCOR and CONTAIN ABCOVE input [2]. A sensitivity
study was done in which either or both the dynamic and agglomeration shape factors
were rest to their default value in MELCOR of 1.0, with results also discussed in
Section 6.4. The pressures and temperatures for the aerosol coefficient calculation
were reset to better represent the experimental conditions. All other RN1 acrosol
input was left as default, except that all the extra, optional RN1 printed output
(giving additional component, section and class information on deposited, gas and
liquid aerosol masses) was activated.

The aerosol sources were modelled by specifying average, lognormal source rates
into the vessel control volume as indicated in Table 2.4. Two sources were  :d for
each injected species, one during its “solo” injection and another during the combined
injection period, to allow input of the different acrodynamic mass median diameters
(AMMDs) and geometric standard deviations (GSDs) specified during those periods,
(The CONTAIN model 9" used the actual aerosol sources; using those sources in thi
MELCOR analysis would have required manually processing and inputting input ta.
bles with hundreds of points, because the data was not available to us in a convenient
electronic form.)

A special code mod was used with version 1.8 HN to add the AMMD and GsD
of cach aerosol component, together with composite “dry” and “wet” values, to the
plot file. These extra plot variables will be added to the production code soon.

The reference analysis was run with a maximum time step of 60s (Imin) during
the heatup, acrosol injections and steady-state periods, and a maximum time <step of
600 (10min) during the cooldown period, with an intermediate maximnm time «top
of 150~ (2.5min ) during the vent period. The code ran at the maximun allowed tine

step throughout. The results of a time step sensitivity study are given in Nection .

Acopy ol the MELGEN NMELCOR inpuat used for the the reference calonfaron

coiven in the appendiv, for reference,






4 Final Reference Calculation Results

The MELCOR LACE LA assessment analysis was done as open post-test calenlas
tions, with both the experimental data and results from previous CONTAIN analyses
avaitable for reference. The NMELCOR results discussed in detail in this seetion repres
sent our final besto caleulation, taking full advantage of experience and insight gained
from the sensitivity studies reported in Sections 6 and 7. and from the CONTAIN

atalvses,

As mentioned ot the end of Section 2, 1t is general practice in the LACE project
docurnentation to present time in minutes when displaving thermal hydraulie data,
and in seconds for the acrosol data. This (nonstandard) practice wiil be {ollowed in
thiv report to allow ecasy referral to other published LACE test results and data-code
coparicons 1a6.8 0 For the thermal hydraulic results piots, the time domain is
transfortncd further by adding 60min to the test reference times (used in Tables 2.5
and 2.0 o that all time points can be displayed on a single locarithmic scaler In
this time domain. the frest theatup) period begins at 10min and the aerosol injection
periods ocour trom Gurmin to 140, 2min.

4.1  Thermal lydraulic Response

Comparizon of meas ured and caleulated total and steam pressures in the buatiding
atmosphere are presented in Figure 4.1.1. The total pressure measured s consid-
cred accurate to - 2000 the observed steam pressure given is a volumetric average of
micasurenient- at thiree focations, and has an expected accuracy of 1070 5.

A significant pressurization was both predicted and observed to occur during the
hieatup and acro-ol injection periods, with the predicted peak pressure of 260kPa

oty bisher than the measured peak of 250kPa. The calculated pressuroe o

a local peak and subsequent dip at ~-50-60min, not seen in the test data, aithough
the observed change in pressurization rate is predicted correctly. The analysi- = in
excellent aorcement with data during the venting and cooldown periods.

W hile the totad pressare i the containment vessel is overpredicted during the hea-
Capacros ol boection cned teady tate periods, the steam pressure s vnderproediored
i e toady tate peniod (TS 0ming by amoants similar ioagitode to i
quoted deta ancertainey s Phe steam pressure depends on the stean injoction and
leak rates. and on the condensation and evaporation processes involving the building,
Stractures, pool and btk vapor region (discissed inomore detail below) . Becan oot
the—e mlriple dependencies it s difhiealt to determine exactly why the caleniated
cteadvestare cean precane s dropping slishly below the rest datae Uncertanny
ated it praanction ot e steann pressnre sobmportant an this and similer sitaes o

becar e ol tio dependence of acro-ol hehavior on steann concentrations,
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Figure 4.1.2 gives comparisons of measured and calculated bulk (atmosphere) and
pool temperatures in the containment vessel. Two distinct regions, or convection
cells, were observed in this experiment. The upper region or cell was characterized
by relatively nniform temperatures and included all the volume above the elevation of
the steam outlet pipe, or about 95% of the total volume; the lower region, 5%¢ of the
total volume, was characterized by temperatures that Jecreased nearly linearly from
the upper region temiperature to the temperature of the poc! in the buttom. Measured
temperatures representative of both the loveer and upper regions are shown. which
are based on volume-weighted averages of multiple thermocouples, with expected
accuracies of < 1K. The pool was circulated with an externa’ pump to minimize
spatial pool temperature variations, so the expected accuracy of the thermocouples
in the pool was cited as <2K.

While measured temperatures representative of both atmosphere regions are shown.
the single-control-volume MELCOR model should be compared to the observed upper-
region bulk temperature. Because most of the calculation is at or near saturation, the
sate quantitative and qualitative features are expected to occur in both the st
pressure and the bulk temperature comparisons. The calculated pool temperatures
arc in very good agrecment with data during the early (heatup) and late {cooldown)
periods, but the pool temperature is significantly higher than observed during the
acrosol injection and steady-state periods. This overprediction is most likely due to
the pool in this single-volume model being in direct contact with the bulk temper-
ature characteristic of the upper convection ceil rather than the ~10K lower bulk
termmperature actually observed just above the pool in the containment vessel.

A comparison of calculated and measured total liquid mass in the pool (sutnp) is
shown in Figure 1. 1.3, Instrumentation problems and unexpected water leakage {rom
an instrument cooling line required adjusting and smoothing of the pool mass data
which might degrade the expected accuracy of 15%. Agreement between code and
experimnent is very good in all time periods. Before about 500min, the increase in pool
tass 15 solely due to condensation on the pool surface and to condensation on and
draining off structures: the leakage accounts for most of the increase in pool mass alter
that times nntil about 1300min. after which the pool mass remains nearly constant.
The apparent time delay in predicted initial increase in pool mass represents the tite
necdod to baild apoa il on structures before condensate begins to run off into the

pooi tdi e ed more in Section 6.2).

Ficure 100 shows a cotuparison of the measured wnd calculated condensation
s Huses on the vessel walls. Kxperimental data were taken from condensate col
lecctors at fonr locations. with @ quoted datic accuracy of #2090 Caleulated el
are ~hown for both the inside surface of the containment vessel and for the - urfaces
of the internal structures modelled: substantial condensation mass fluxes are —cen
only on the vesael walls after the fnitial heatup and ecarly acrosol injection period
The qualitatinve wgreement of MELCOR with data is excellent, and the quantitative

aurcerpent roquite ood, oiven that the data measured localized condensation rates

(P
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while the code result represents a surface average. The substantial decrease it con-
densation from the walls during the venting period is correctly predicted, followed by
increased condensation following depressurization of the containment vessel.

Comparisons of calculated and measured wall temr seratures are illustrated in Iig-
ure 1.1.5. for the inside wall surface (top plot), the “middle” interface or the outside of
the steel shell but inside the vessel thermal insulation (middle plot), and the outside
insulation surfuce (bottom plot). The expected experimental accuracy in all cases is
better than +3K. Calculated results are given for all the heat structures modelled,
although the data are for locations in the upper vessel.

The temperatures of the vessel roof and sides (the heat structures in contact
with the atmosphere) on both sides of the steel shell are in excellent agrecment with
the test data; because of the high thermal conductivity of steel, the outside surface
temperatures of the steel shell were very similar in magnitude to the inside surface
temperature of the steel. Thus, the energy predicted to be stored in the steel ves:cel
structure should be in excellent agreement with experirment.

Because of the large thermal resistance of the insulation on the vessel, the outside
insulation surface temperature is largely dependent on the heat transfer hetween the
insulation and the air outside the containment vessel, and does not have significant
influence on the behavior inside the containment. MELCOR overpredicts the outside
surface temperature by as much as 10K throughout most of the problem time, greatest
during the steadyv-state period. The laminar natural circulation used in MELCOR
could be too low for this situation; however, the discrepancy could just as likely be
due to large uncertainties in the condition and modelling of the insulation, instead.

I'igure 1.1.6 compares observed and predicted leak flows. The measured leak flows
were based on AP measurements across a flow limiting orifice in the leak path, with
an expected accuracy of :5%. The calculated leak mass flow is generally consistent
with data in both magnitude and trend.

4.2 Aerosol Behavior

Calenlared and experimental acrosol concentrations in the containment versel are
plotted T Figures 1201 and 1.2.2, crossplotted for both aerosols injected and for cach
acrosol species (CoOH and MnO) separately, respectively. (The cited experimmental
uncertaintio-. different at different times, are shown as error bars on the data curve
The individual aerosol species concentrations in Figure 4.2.2 have been plotted on i
scale selected to highlisht the behavior during the injection, steady-state and venting,
periods, which s of more interest than the very late-time, cooldown period. respons e
Figure £.2.1 uscs an ordinate scale that shows the predicted and mceasured concen
trations throughout the experimnent,
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For cach acrosol specios and for the combined acrosols, the agreement between
mcasurement and calculation is very good during the acrosol source periods (1o
InT2e00 alter all acrosol injection terminates, MITLCOR slightly overpredicts the
O suspended aerosol concentration and slightly underpredicts the MnO concen-
fation during the steady-state period, and then underpredicts the suspended aerosol
corcentrations by several orders of magnitude during the late vent and cooldown
cvtiods (especially for the CsOH).

-

Phoo s nosignificant variation between the predicted behaviors of the two acrosol
P this caleulation {or any of our calculations, even when the CsOH and MnO
conodelled as separate acrosol components, as will be shown in sensitivity study

fooults in Section 6.2)0 This is qualitatively different from the test data where the
o pended hass of the nonhygroscopic MnO is greater than the suspended mass

crotne hvgroscopic CsOH during the later steady-state, vent and cooldown periods.
qualitative ditference between analysis and test data reflects the lack of any
“oocopie eifects in the MELCOR aerosol treatment,

Pigare 1200 presents the caleulated saturation ratio, 1.e., the ratio of the partial
e chwater vapor in the atmosphere to the saturation pressure of water vapor at
the atmosphere temperature. and the water acrosol mass suspended in the test vessel
Coosphicres (During the course of this calculation, we checked and verified that the

cenced water aerosol mass in the RN package was identically equal to the water
viopletor o™ tmass in the control volume atmosphere in the CVI package.) Note
that the amount of liquid water aerosol in the atmosphere, at about 1-10kg, is quite

atl cotnpared to the atnount of liquid water condensing on the sump pool surface

cron the containment vessel walls {about 1000kg).

When the atmosphere is fully saturated, re., a saturation ratio of 1, as during

roe teady state period and the first part of the vent period, the suspended acrosol
dckes are growing as water condenses onto them; the larger acrosol particles then

fo ettt cut nore quickly, The calculated suspended aerosol masses for both

SOdh and MnO - in Figures 4,201 and 4.2.2 peak when the atmosphere first shifts
o ubeaturated to saturated conditions, at ~5000s, and then decline while the
Cprere retanns saturated. until about 25000s. In contrast, when the atmosphere
calnrated e asaturation ratio - 1 the aerosol particles will tend to dry out as
i ol thers back into the atmosphere, reducing the size of the suspended
ool panttes and erabling thern to remain suspended longer. Thus, when the
Cpcre becorpes subraturated again, at about 25000s, the suspended acrosol

o Pignne 122 level out as the settling-out rate slows.

Pho acrodyvnawmic mass median diameter AMMD (7.0, the diameter below which
of the e of the particle size distribution lies), and the geometric standard
cott G

CtnosUsitnply, assurning a lognorinal distribution. the ratio of the
cror o s dnt s carularive mass o the s miedian diamceter) predicred i this

cre compated to values derived from experimental observiitions 6 in Fig-

b Note that the B sceale wsed Bas been restricted to highilioht the behavior
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predicted during the steady-state and vent periods. Code results are given separately
for cach of the two acrosol cotnponent size distributions (one for the two injected
acrosol species and the other for any water present) as well as for a composite dis-
tribution: for the two-component acrosol model used. whenever no water is present,
that composite distribution simply reduces identicalls to the injected-aerosols dis-
tribution. The predicted ANINMD is somewhat larger in general than measured, b
peaks at about the same time: the GSD from the caleulation indicates an acrosol
size mass distribution similar . data.

Figure -1.2.5 shows the acrosol masses in cach ol the twenty sections used in this
calculation, at two different times. The total acrosol particle mass in cach section,
or size class,is given by the uppermost horizontal line over the particle diamecter
range of that section, while the relative fractions of the shaded regions represent the
relative mass concentrations of the three acrosol species (CsOH, MnO and H,0). The
npper figure shows the suspended aecrosol size distribution at ~~4400s, near the end of
the aerosol injection period and near the time of peak suspended acrosol mass. The
atmosphere is subsiaturated at this time, as discussed above, and no water is present in
the aerosol. Latersat - 11000s in the lower figure, when the atmosphere is saturated,
water condenses onto the acrosol particles and that water vapor condensation results
inacshift of the CsOH and NuO 1o larger particle sizes (which, as mentioned already.
mcreases the rate of acrosol removal by settling).  Condensation onto acrosols is
rate-limited in MELCOR and any excess water acrosol particles are assumed to be
put initiadly into the smaliest <ize bin. <hifting the water acrosol component size
di=tribution in this two-cormponent acrosol model to smaller sizes.

The final disposition of the injected acrosols is precented. with corresponding test
it in Table .20 for cacli acrosol species and for the total. The code correctly
predicts that the majority of the acrosol injection remains in the vessel, settled to the
floor. In the experiment, the settled acrosols are observed on the bottom of the vessel
sore thine after the end of the transient. when the vessel is opened for inspection. In
the caleulation. the settied aerools are suspended in the sumnp water pool at the end
of the transient. rather than deposited on the horizontal. “floor”, heat structures;
i assumed in MELCOR. however, that when pool liquid finally disappears the
suspended acrosols in the liquid cettle down.

Thetotal werosol mass leaked 1o containment is muach sinaller than that measured.
ana the difference inrelative amounts of the two species leaked is not predicted. The
greater amount of MO acrosol feaked in the experiment is likely due to the greater
atnount of MnO acrosol suspended in the vessel atmosphere later in the problem,
durmg the venting and cooldown periods: the lower than measured, approximately
caualamounts of acrosols predicred 1o bhe leaked in the analvsis would then be due to
the lowerapproxitately equal. amonnts of both acrosols cateulated to be suspended

i the vessel atmosphere during those fate problem periods.
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Table 4.2.1. PostTest Acrosol Locations - Final Reference Caleulation Results

Acrosol Species  Location  Test Data Code

(ke) (kg)

'sOH Settled 2.503 20105
Plated 0.304 0.230
Leaked 0.007 0.002
ANMnO Settled 1.927 2.153
Plated 0.228 0.117
Leaked 0.101 0.001
sum Settled 4.490 4.768
Plated 0.532 347
Leaked 0.108 0.003

MELCOR also underpredicts the plated aerosol masses, both individual and total.
The C2OH and MnO plated masses in this calculation are 24°¢ and 48% lower than
test data, respectively. As discussed in Section 6.1, the agreement between measured
and calculated plated masses is much worse with the “normal”, default, code, which
assumes that plated aerosols are washed off the horizontal “roof™ and vertical *wall”
heat structures with thick condensation films draining down into the liquid pool. In
this reference, best, calculation we supressed such acrosol “washing-off” by draining
water films through a new sensitivity coeflicient.
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5 Time Step Effects and Machine Dependency

There has been a lot of discussion recently on numeric effects seen in some M-
COR calculations. producing either differences in resuits for the same input on dii-
ferent machines or differences in results when the time step used is varied. Several
calculations were done to identify whether any such effects could be observed in our
LACE LA4 assessment analyses.

5.1 Machine Dependencies

The calculation discussed in detail in Section 4 was run on a SUN Sparc2 worksta-
tion, on a VAX 8650, and on a CRAY XMP-24. The results from the three machines
(for the three otherwise-identical runsj were different in some significant digits in the

printed output. but when crosspiotted all curves examined overlay well enough that
no differences were visible

Figure 5.1.1 shows the total vessel pressures and steam partial pressures for the
same calculations on the three different machines, together with the test data. There
are no visible differences in results. (Crossplots for the atmosphere and pool tern-
peratures and for the pool liquid mass (not shown here) show the same degree of
agreement. )

The suspended aecrosol masses calculated on these three machines are compared
to each other. and to measurements, in Figure 5.1.2. There is a small difference
visible late in the cooldown period. when the aerosol masses are very small. but in
general there are no significant machine-to-machine differences. (The final acrosol
dispositions were identical in all digits shown in Table 4.2.1 on these two machines.)

Figure 5.1.3 shows the total run times for the reference calculation on the three
machines (in the upper plot). = _cther with the run times required by the different
MELCOR packages active in this problem (in the lower plot, for the VAX 650, The
fraction of time taken by the individual packages is the same on all three machines:
the results for the individual packages are not crossplotted in this case. because there
would be too many curves for legibility., The run times on any of the machines are
dircet!y related 1o the maximum titne step allowed. as discussed in the next vection,
i

T o I
and the effect of inereasing

he rnaxitmnm allowed time step (used throughout: i
clearlv visible later in the pr ()Mun timne. This problemn ran somewhat slower on the
VAX than on the SUNCbut the 25-30Y0 difference in run time is not very signiflcent:
the CRAY was tasters but - a factor of 100 because MELCOR 1s not vectorizea.

The reterence caieniation, whose resiults were described in detad

|
. L . - 1 '
secTion e T w s w rnasinean tie step of 60s (lrming) during the heartuplaoron ol
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injections and steady-state periods, and a maximum time step of 600s (10min) daring
the cooldown period, with an intermediate maximum time step of 150z (2.5m0n)
during the vent period. The code ran at the maximum allowed time step throughout.

A sensitivity study was done in which this maximum time step was halved and
doubled. or increased and decreased by an order of magunitude. Again. the code
alwayvs rar at the maximum allowed tine :tep throughout for cach of these four
cases. Figure 5.2.1 compares the measured total and steam partial pressures o the
containment vessel to MEPLCOR results predicted using the base tiine step. and the
four variations described above. Similarly, the test data for atmosphere and pool
temperatures are ~hown in igure 5.2.2 with results from the same five MELCOR
calculations.

Reducing the tiine step by a factor of two or ten did not change the predictod re-
sult=. Doublinie the time step does not change the results except late in the transient,
during the conldown period, when the thne step s 20min (compared 1o 2min earhier]
lnereasing the time step by a factor of ten (to 10min during heatup. injection and
steady-state, tnereasing 1o 1001min dm'inf_; (‘m'eldnwn) changes the predicted behavior
thronghou: the problem. with substantial oscillations visible, The oscillations visible
in the temperatures and pressures at the end of the problem for the largest time
step used are related to code warnings about condensation mass transfer wanting to
remove mere han and actialle scaled to remove ondy all of the stear volime prevent

in the vessel,

cded masses calenlated for the swo acrosol species inong relerence anal-

oy

veis and bovie Lot step stwdies dene are presented an Figure 502000 tovether
with ihe oo datas Avowirh tne therat hydranlic responses very s madl chienges are
visibic at oo times swhen the time <tep is o doubled, and small elianges are visible
thronghow whon e tinre <tep i increa-cd by o factor of ten {especially dramatie at

- 1 1o N 1
the end of the cootdonnn eriedr,

Table 5200 st marizes tie post-test acrosol locations obscrved with those pre-
dicted in theo Gve calenlations. There are xome gquantitative differences among the

prodicred cean e cntainee e the different time steps {especially for the Taroe-t
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6 Aerosol Sensitivity Studies

Foadalonro v nachine dependency and time step censiti ity studies desoribod

motbe last cotion. o nuneber of other modeliing and or code studies have heen done,

The oocan b qosded into studies on pararneters, models or variables which divectiy
alfect the thermad nivdraadic response (with the acrosol response affected only indi-
rectivh and orters v hich directly wifect thie aerosol behavior predicted. The former
will b addressod inothe next section: in this section. the results of varving <uch
acrosol variablos as aerosol transport with condensation filrs. volatility. the number
of MALROS components and sections, and nondefault vahies of aerosol-component
Szecdistribation dicmeror ranges and dynionic and agglomeration shape factor an

deseribed.

6.1  Acrosol *Washdown?

i Lo . 1 byl {oF Ty , e N . Ty, .
FoNMETCOR v rnaximmrn allowed Gl thickness {of O.0ma) 1 aearned Lo
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(reate @ Thioner i instenad conses just enouoh drainage to the gnid poc o the con

sespotnding control vohore to manntain the toaximm haguid condensate £ vhies
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A weraso s fand tesion nradbiet vaporst on the heat structure sarface wre aes
Dornrln aler it i the i o thae s ownen soree fraction of tne Dl ivhas L
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large difference in the one- and multi-component aerosol model results is a difference
in suspended aerosol particle size, illustrated in Figures 6.2.2 and 6.2.3.

The aerodynamic mass median diameters and the geometric standard devia-
tions predicted using the single- and multi-component models are compared in Fig-
ure 6.2.2, together with the values derived from experimental observations; for the
multi-component aerosol calculations, the values for the component(s) containing the
injected aerosols are shown. With the two injected aerosols in a single component
by themselves, the calculated results are in much better qualitative agreement with
data, but substantially overpredicted in magnitude, especially around the peak. For
three individual components, the calculated values for each of the two individual in-
jccted aerosol components are very similar to each other, and to the injected aerosol
component results from the two-component model.

Figure 6.2.3 shows the aecrosol masses in each of the twenty sections used in
the one-component and three-component calculations (with the corresponding two-
component plot given in the lower half of Figure 4.2.5), at ~11000s when the acrosol
varticles are settling out during the steady-state period. As in Figure 4.2.5, the total
acrosol particle mass in each section (or size class) is given by *he uppermost horizon-
tal line over the particle diameter range of that section, while the relative fractions
of the shaded regions represent the relative mass concentrations of the three aerosol
pecies (CsOHL MnO and H.O). With the one-component model, the water particles
anid the injected CsOH and MnO particles (which are smaller and larger, respectively,
m the multi-component analyses) are forced into a single, averaged, size distribution;
because of the much larger mass of (small) water particles present at this time, the
~Hiftin C<OH and MnO distributions to smaller particle sizes relative to the two- and

thirce-comnponent distributions is casily visible,

The final locations of the injected acrosols for each of these three cases, with
corresponding test data. are given in Table 6.2.1 for each aerosol species and for the
totals Adl threee caleulations correctly predict that the majority of the acrosol injection
rernains in the vessel, settled to the floor. The low plated masses predicted are seen
i all three cases. The total aerosol mass leaked to containment for the two multi-
commponent analyvees is much less than either measured or predicted by the basecase,
l-commponent. calculation. The ditference in amount of acrosols leaked in the multi-
coiperont racsinele-commponent sensitivity studies s probably divectly related to the

cotborenoe s pended aerosol concentrations,

oy mndtiple aerosonl components can sometimes reguire sotme additional cpu
oo, pritmariy by the RN package, o shown by the run time comparizons in
Foovre G200 but the betrer avrcerent with data s probably worth o In fact,
At dete ties the one-component nodel takes more cpu thne than either -

cocnpenent caiculetion. perbiaps becae the time needed to converge in the RN

cret o e denends omew bt anc b obire raenitades of Goeror ol present s and
e coenent caiculation e e nibicoantiy ore saspended aeros ol e ent late
EREN ae b i"ll,’)u"r('»ﬁ.l).
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Table 6.2.1. PostTest Aerosol Locations - Multi-Component Sensitivity Study

Acrosol Species  Location Test Data Code (kg)
(kg) 1-Component 2-Component  3-Component

(<OH Scttled 2.563 2.541 2.615 2.621

Plated 0.304 0.238 0.230 0.224
Leaked 0.007 0.008 0.002 0.002

MO Settled 1.927 2.055 2.153 2.144
Plated 0.228 0.150 0.117 0.124
Leaked 0.101 0.065 0.001 0.003

i Settied 4.490 4.506 4.76% 4.765
Plated 0.532 0. 3=% 0.347 0.348
Leaked 0.10x 0.154 0.003 0.005

6.3 Number of MAEROS (Size) Sections

The reference analvsis discussed in Secdon 4 and the sensitivity studies discussed

above all nsed twenty sections. or size bins.in the RNT acrosol caleulations. This
vaale wes chosen because it was the input used in the CONTAIN calculation for LAY
oo and using the same value facilitates comparing results {as done in Section ).
However, the defanlt number of sections nzed in MELCOR is only 5. Therefore. two

cnsavity stindies were done, inowhich eithier 5 or 10 sections were speciticd, The

i and maximum diameters of the size distributions were left unchanged. so
ety the widih of the bins was altered.,

Je vest vessol suspended masses for the individual injected aerosol species cal-
cediine these different size distribution resolutions are compared 1o cach other
to vt e Floire 6501 The avrecrent between rneasnrenent and prediction
ceecernsiviey studies 15 overy shmilar during the aerosol souree period bt
Coearrecinent becomes visibly and progres-ively degraded with coar-or size aisirite-

Cavirng the steadvestate and carly vent periods (--6000-20000<). The coarser size

. + . - 1 1 » - | . .- | . . 1. Yrr
Sotion resalution- also result i inore suspended derosol mmasses ot late tines,
Covothe coolaon {0 oB0000x 0 A owith using differen nanbers of Geros ol conn-
vttt rncrc wre no o visibie differences boothe thermal nvdranhie cordinions heing
. T Pterent narabere O srromodt e Aot ion s et N
Coccc v e the diiterent o nipinbher o aetoran e - nihaition s ection ALt
Cot he Tea o e e didierence o reswltem o diniereno e b et o parti e
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Table 6.3.1. PostTest Aerosol Locations - Aerosol Size Distribution Resolution
Sensitivity Study

Aerosol Species Location Test Data Code (kg)
(kg) 20-section 10-section 5-section
CsOH Settled 2.563 2.615 2.608 2.593
Plated 0.304 0.230 0.234 0.239
Leaked 0.007 0.002 0.005 0.015
MnO Settled 1.927 2.153 2.145 2.124
Plated 0.228 0.117 0.122 0.133
Leaked 0.101 0.001 0.004 0.014
Sum Settled 1.-490 4.768 4.753 4.717
Plated 0.532 0.347 0.356 0.372
Leaked 0.108 0.003 0.009 0.029

Figure 6.3.2 presents the acrodynamic mass median diameters and the geometric
standard deviations predicted using the three different numbers of sections, together
with values derived from experimental observations. The acrosol mass distributions
in the ten-section and five-section caleulations at > 11000s are given in IMigure 6.3.2
(with the corresponding twenty-section plot given in the lower half of IFigure 4.2.5).
This time is of particular interest hecanse the acrosol particles are settling out during
the steady-state period. The comparisons in both figures indicate that the suspended
acrosol particles are settling out more slowly in the caleulations with fewer sections
hecause the particles are somewhat smaller on average at any given time with the
coarser distribution resolution. However, predicted average particle sizes similar to
siven experimental values (<1000 at abour 200005) result in less settling out and

figher suspended acrosol masses in N LCOR than ob-ervein the experiment.

The final locations of the injected acerosol- for cach of these three cases. with
corresponding test data. are given 1o Table 651 for cach acrosol species and for the
total. Again. all three calculations correctly predict that the majority of the acrosol
mjection remains in the vessel. settled to the floors As scen in other sensitivity studies.
the total acrosol mass leaked to containment increases as the ~uspended aerosol miass

in the vessel inereases.,

Using more sections in the acrocol size disribiition to incerea-c resolntion ahway -

requires additional cpu time. primariy by the RN package. as <hown by the tun

.—’(j
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7.4 Aerosol Size Distripulicn at Time = 115€4.045s
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time comparisons in Figure 6.3.4.

6.4 Use of (Non)Default RN Parameters

The reference analysis discussed in Section 4 used non-default maximum and
minimum diameters for the MAEROS aerosol component size distributions, taken
from the CONTAIN input deck 9] to be 0.1 and 250um, respectively, rather than
the default 1 and 50um MELCOR values. A sensitivity calculation was run in which
the default diameter ranges were used. That calculation could not use 20 size bins,
like the reference calculation, because of an enforced assumption in MAEROS that
the ratio of the upper to lower mass boundary for each section or size bin is >2.
Instead. 10 sections were used, and the results were compared to the results from the
10-scction analysis in the number-of-sections sensitivity study (discussed already in
the last subsection). There were no visible differences in results using the narrower,

default. diameter range than using the greater range assumed in the reference input.

Other nondcfault values used in the RN package input were 1.85 for the dynamic
shape factor (D=}, taken from the CONTAIN input [9], and 2.25 for the agglomera-
tion shape factor (ASI'). taken from the CONTAIN and MELCOR ABCOVE analyses

2 . both default 1o 1.0 in MELCOR. As another sensitivity study, three calculations

were done. in which one and or the other were reset to their default values.

Figure G.1.1 shows ecach of the two individual species suspended aerosol masses in
the vessel for the reference analvsis, and predicted using other combinations of de-
feult nondefault shape factor values, compared to test data; the two injected aerosols
arc shown separately to allow clear distinction between curves and line types. An
agelomeration <hape factor of 2,25 always produces better agreement with the data
than the default vidne of 1.00 whatever the dynamic shape factor, especially during

Leosteady - tare period ar 6000-20000s. A dynamic shape factor of 1.85 results in
<lichtly higher suspended acrosol masses than using its default value of 1.0, in the
steady-state. vent and cooldown periods.

The aerods nansic mass median diameters and the geometric standard deviations
proedicted urine the default and or nondefanlt shape factors are compared in 1ig-

CeoGLE2 tonctbor wnt he vadues derived from experimental observation=: in oli
these Gimes pahinc s all e the two-component reference model). the values for the
componenl contiining the tniected acrosols are shown. An agglomeration shape fac-
tor <ot to 225 weowi o in larger acrosol particles on average than with the default vahie
of 1.0 regardions of the value of the dyvnamic shape factor. Larger acrosol particles
corthe ot fasters o these comnparisons are consistent with the relative amounts of

si=pendod aoerasor eiven g Figure 6101

o

Fipare 6100 nows the werosol masses in cach of the twenty sections used in the
clont chane tactor calentatons (with the reference analysis plot given in the upper

t

citio et o0 een the perorol particles are settling out during the steady-srate
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Table 6.4.1. PostTest Aerosol Locations - Shape Factors Sensitivity Study

Acrosol  Location  Test Code (kg)
Species Data DSF-1.85 DSF:=1.85 DSF=1.0 DSF=1.0
(kg) ASF=225 ASF=1.0 ASF=2.25 ASF=1.0
CsOH  Settled 2.563 2.615 2.048 2.651 2.398
Plated 0.304 0.230 0.445 0.196 0.366
Leaked 0.007 0.002 0.353 2x1074 0.083
MnO Settled 1.927 2.153 1.687 2.181 1.970
Plated 0.228 0.117 0.288 0.090 0.229
Leaked 0.101 0.001 0.296 2x1074 0.072
Sum Settled 4.490 4.768 3.735 4.832 4.368
Plated 0.532 0.347 0.733 0.286 0.595
Leaked 0.108 0.003 0.649 4x1074 0.155

period.  As in Figure 1.2.5. the total acrosol particle mass in each section (or size
class) is given by the uppermost horizontal line over the particle diameter range of
that section. while the relative fractions of the shaded regions represent the relative
mass concentrations of the three aerosol species (CsOH, MnO and H,O). For both
caleulations with an agglomeration shape factor of 2.25 (in the upper half of the
figiire). less injected aerosols and less water aerosols are present and the injected
acrosol size distribution peaks at larger diameters than with a default agglomeration
<hupe fuctor of 1.0 {in the lower half of the figure). Figure 6.4.1 showed that the
dynamic shape factor did not have a strong effect on the results at this time. However,
some differences are visible between the two calculations done with a dynamic shape
fuctor of 1.55 (in the left half of the figure) and the two calculations done with a
default dynamic <hape factor of 1.0 {in the right half of the figure); in particular, the
detanlt dyvaiie Shape factor results in =ormewhat broader size distributions for the

'i{l""u ted aeroe ol caotitponent,

The final focations of the injected acrosols for cach of these three sensitivity study
cases and the reference calculation. with corresponding test data, are given in Ta-
ble 6.1 Hor cach aerosol species and for the total. All calculations correctly predict
the the majority of the acrosol injection remains in the vessel, settled to the floor.
The relative armonnts of predicted plated mass and of total acrosol mass leaked to con-
Cantient ot e difforent censitivity study caleulations appear directly proportional
to e ditfero oo een b vne suspended acrosol masses in the varions calonlations in

Flovre 6oL
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7 Thermal/Hydraulic Sensitivity Studies

Another set of sensitivity studies have been done on parameters, models or vari-
ables which directly affect the therma', hydraulic response (with the aerosol response
affected only indirectly). In this section, the results of varying such thermal/hydraulic
variables as ccndensation. radiation heat transfer and insulation thermal conductivity
are described.

7.1 Condensation on Pool Surface

The reference analysis included a detailed volume-altitude table in the lower region
of the containment vessel. This was not our first attempt at modelling the CSTF
vessel. Our original control-volume model consisted of a simple straight cylinder.
with diameter equal to that of the test vessel and height set to give the correct total
volume: this would be the typical® put model that we believe most users would define
in similar problems. We found that that simple model had to be refined in order to
obtain better agreement with test data. As a sensitivity study, a calculation using

that or 'ginal. straight-cyv'inder. model was redone.

The basic phenomenon under evaluation is the condensation of steam from the
vessel ¢ rmosphere onto the pool surface. a function both of the temperature differ-
ences ¢nd of the pool surface area. In the straight-cylinder model, the pool surfacc
area ir always at its maximum (the cyvlinder cross-sectional area). while the more
detail »d volume-altitude table reflects the increase in cross-sectional area with in-
creasing elevation in the elliptical lower head. For small amounts of pool. the surface
area s substantialiy reduced from the niaximum. straight-cvlinder. value. effectively

decreasing the area over which condensation occurs.

The upper plotin Figure 7,11 shows the total and steam partial pressures pro
dicted Inothe containment vessel for the two different input models (differing onls

inthe volumme-altitude tables used for the vessel control volume). together with the

COrresp o test datar the huln atrnosphere and pool temperatures for these 1wo
cotelas are cormpared e lower plot i Figure TUL 1 The most visible aifer-
Coae e e ol Ternoeerst cre st towes a<ornnch as 20K higher than the areads
GO T o Tenn e na e pernans 10K greater than observeds darine

el e loson e Tionn anhiel sTeadVestale periogs, I'his beher ,xrm! Terprpe fal i

RN =g sven Tatel ot sTea s partial pressures, and bulk u!mleu U S
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r~ measured pool liquid mass throughout most of the problem. The initial film
liquid inventory is not caused simply by a AT(t--0) 0. but is due to some quirk
in the temperature initialization, because the initial film inventory and subsequent
offset in later-time pool liquid mass is not calculated if the MELGEN initialization
scherne is bypassed but the initial heat structure temperature gradient calculated by
the MELGEN heat structure temperature initialization input manually, as shown in
Figure 7.2.1.

There is very little, if any, visible difference in any of the other predicted variables
asing the different initial heat structure temperatures.

7.3 Radiation Heat Transfer

The reference analysis included radiative heat transfer between heat structure
dalaces and adjacent control volume atmospheres, with a specified emissivity of 0.9.
[Ladiation was included in most of our MELCOR calculations hecause the CONTAIN
catonlations had shown that it has a significant clfect on any water droplets suspended
o the atinosphere. Normally, at the relatively low temperatures in this experiment,
we would assume that radiation was not an important phenomenon and would not

picebade 1,

The CONTAIN calculations used an emissivity of 0.55 9. The MELCOR cal-
adations used an emissivity of 0.9 instead, because it was quoted in the test data
teport 5 as the “normal total emissivity of paint”. A calculation was run with the
CONTALIN value of 0.85, instead, with no visible differences in predicted results.

NELCOR does not model structure-to-structure radiative heat transfer in gen-
cral.only within the COR package, which was not used in these calculations. CON-
TAIN caninclude structure-to-structure radiation 7, but that model was not acti-

Coctod bl caleulations 9 )

\ sensitivity =tudy was done in which no radiative heat transfer was considered.
Prosre 7000 shows the total and steam partial pressures predicted in the containment
clar s and without radiation heat transter (together with the corresponding test
vota o the biulk atmosphere and pool temperatures for these two calevlations are com-
b ionre Ta20 The mon visable difference - i the anmosphere temperature.

St ae e as o-TON hicher during mo-t of the poobidem time in the absence of
Conctire-atinos phore radiative heat tran-ters Tais higher temperature results in
ot tigher total pressare during the steady-<tate period, hut there is very little
Chnnate bothe pool terperature or the steans partial prosoares Wall temperatures in
oo hell o reased by -2 0 whide the onteide o adanion carface temperature
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with and without radiation, with experimnental data. Neglecting radiative heat trauns-
fer increased the suspended aerosol masses dramatically, during the steady-state and
vent periods (~10000-20000s) as well as late in the cooldown period (>30000s). Iig-
ure 7.3.4 shows that the change in suspended aerosol masses is due to very different
saturation ratios being calculated with and without atmosphere-structure radiation
heat transfer, with corresponding differences in the water acrosol masses. During
the steady-state period from <6000s to <30000s, the test vessel atmosphere in the
reference calculation with radiative heat transfer is fully saturated, while the sen-
sitivity study with no radiation heat transfer remains subsaturated until ~20000s.
That extra period of time when the sensitivity-study calculation remains subsatu-
rated, and when no water aerosol is present, corresponds exactly to the time when
the predicted aerosol suspended masses in the sensitivity-study calculation decline
much more slowly than seen either in the test data or in the reference calculation;
once the calculation with no radiative heat transfer predicts fully saturated condi-
tions. at ~200000s, the suspended acrosol masses drop as rapidly as earlier in the
reference calculation.

The acrodynamic mass median diameters and the geometric standard deviations
predicted in this sensitivity analysis are compared to the reference calculation results
and to values derived from experimental observations in Figure 7.3.5, while the mass
distributions of the three acrosol species at ~11000s (when the calculations with and
without atmosphere-structure radiation heat transfer give very different results) are
compared in Figure 7.3.6. These two figures show that the prolonged subsaturated
atmosphere conditions predicted in the absence of radiative heat transfer, during the
~-6000-20000s period. result in no water aerosol particles being present and, thercfore.
no condensation onto and subsequent rapid growth of the injected aerosol species
particles: this results in generally smaller acrosol particles which settle out of the
atmosphere more slowly.

Table 7.3.1 summmarizes the measurced post-test aerosol locations and the corre-
sponding predictions from these two caleulations. There is much meore acrosol leakage
with no radiation assumed, because of the larger suspended acrosol masses predicted
during the late. cooldown. period in that calculation. There is not much qualitanve
change in deposited or plated masses predicted with and without radiation. aa only
voinor quantitative differences,

Finallvo it shonld be noted that the inclnsion or neglect of atmosphere-stricci e

radiation heat transfer only prodaced vhe expected difference in the predicted ac:o ol

vecnoni-e an tho e calcoalations wnere the water was modelled as o separate oo o

coroponent. When water wes dncluded o the sames singles acrosol compone
the two injected acrosal species the carme difference- an thermal hvdranbic o

wore present bot o difforonees were seen i the predicted aerosol res pornse hocas
the oot of CCOTNLO panticies duc to water conden=ation canunot he corpectiy

rodeiled with anly one aerosol cornponent bnoany corse (e discuseed i Section oY

67



MELCOR Assessment: LACE LA-4

+ 1

10 ™7 Ty T T v LA A A A g TTTTITTY

+0
10
‘o
X -1
~ 10
n
[0}
[7¢]
o
-2
=10
©
(2]
o
5 3
< 10 g
© g
[+ .
T |-
S 4 —&— CsOH (Referencs) i ..‘
@ 10 E| — @ — CsOH (No HS Rad) S
3 F
v [| ~---m-- CsOH (Data) |
10_5 ! —&— MnO (Reference) _'\ "._.
E| — @ — MnO (No HS Rad) '-k
[| - @+ MnO (Data) N
1O~6 4 aaaad | N N l.,‘..i‘:s .
10

10" 10"} 10%* 10
Time (s)

LACE LA-4 (2-component)
-7BKBHN 7/29/91 10:14:33  MELCOR

Fileurve 7.5.5.0 S0 pendod Aoro ol Ao e HS Radiation Sensitivity S andy



MELCOR Assessment: LACE LA-

100 T — v
0.975 Fl— Refersncs I i
= = = No HS Rad |
0.950 ¢ sed 1
Il |
0.925 F ] ] “
[ i
20.900 h |
T L | | .
50.875 ' \
So.850 } ] ! 4
i . '
S0.825 } i 1 .
(=]
“ .- i
0.800 b ,7T N | 1
’ \ i
0775 o N | “
M ]
0.750 } N 1
\
0.725 p ‘ -
0'700 Pt aal 4 Py aaal a4 2 aa Ve a e vy
‘002 10»3 1004 1005 100!
Time (s)
LACE LA-4 (2-component)
G2BKIHN  7/29/91  10:14:33 MELCOR
.2 MELCOR Assessment: LACE LA-4
10 v vrrey e m el ey v—r
Reference 3
o= we «= No HS Rod <
10” r !
b I )
o |
<40 } | 1
2 |
o <
= | <
S -1 |
E o | | !
® ' 9
<
5 |
R § ' 1
= |
I <
-3 |
10 1 i |
I <
|
- 2 " A 1 ™ 2 ald
107 bt 4
@ 10~2 1013 1094 1015 1005
Time (s)
LACE LA-4 (2-component)
G2BKBHN  7/29/91 10:14:33  MELCOR
v Satnration Ratio Gopr and Water Acerosol Mass (hotton)
Rodiction Sens-inivivy Study



MELCOR Assessmen': LACL (A 4

32.5 ——— T ~—v—r
30.0 p| — Ra‘ererce
v e == = No HS Rad
© 275 F o Date
<)
25.0 F b
o
};22,5 o '\/ 4
2 20.0 p | L
[} '
s 7.5 | | .
bS]
2 5.0} | §
" |
5 2.5 F ] 4
= !
v 3.0 F | b
§ !
c 7.5 fF LS e B
>
3
& o0 Al
< b ey
2.5 F Lo
7.0 - " PP S | i " PP S |
‘6! +5

@ 0 10" 10
Time (s)

LACE LA-4 (2-componert)

G3BJERZ 30JUL 9! 09:52:58 MELCOR

‘o MELCOR Assessment: LACL _A-4
L]

~——— Ra‘ererce
9 Il = = — No HS Raa h
""""" Data
8 F .
jus
.Q
) 7 P E
>
o
[ 6 k e
'\:)
.g s b A
e
(8] 4
s
v
5 3
LY
&)
Z
1 F P
O e A F— ' e A e e Sndnccndh il

+3 44 +5

10 10 10
@ Time (s)

LACE LA-4 (2-comoanent)
G3BJERZ 30JU.9! 0§:52:58 MELCCR

Figure 7.3.5. Acrodynamic M Median Diameter (top) and Georetrie
Standard Deviation (bottom) for Suspended Acrosols  HS

Radiation Seasitivity Study

70



Figure 7.3.6.
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7.4

Table 7.3.1. PostTest Acrosol Locations 1S Radiation Sensitivity Study

Acrosol Species Location  Test Data Code (kg)
(kg) Reference  No HS Radiation
SO Settled 2,563 2.615 2.523
Plated (0.304 0.230 0.235
Leaked 0.007 0.002 0.088
MnO Settled 1.927 2.153 2.069
Plated (0.228 0.117 0.128
Leaked 0.101 0.001 0.073
St Settled 1160 1.768 4.592
Plated 0.532 0.347 0.363
Leaked 0.10% 0.003 0.161

Insulation Thermal Conductivity

The thermal conducnivity of the fibergla - insulation is cited in the test docu-

ecatation as notnally 00167 -l 5 0 However, that report does mention some

degradation in the mnsulation visible, and a value of 0.10W 'm-K was used in the CON-

TAIN analyois < That higher value was used in the reference MELCOR calculation.

A censitivity stady was done with the Jower. original value of thermal conductivity

ne hiborvaas s to contitin e scelection,

The toted and steam partial pressures predicted in the containment vessel for the

Cooocdiiterent valnes of eaadation thermal conductivity are compared in Figure 7.4.1

proca ther wath the corresponding ter data) Both the total test vessel pressure and

+

i

Ccatic patirad presoare are provre sivelys sioniticantty, higher for the “bhetter”

S e the teads e poniods thie stearn partial pressure s oalso higher

e e ot and cooidov g periodsowarh the lower value of insulation thermal

earre L2 cornpares the bali ator phere and pool remperatures caleulated for

oo wattes of inosdation thermal condacrivity. Both temperatures are 1-5K
for e Tower thermad conductivity vabine daring the <teady rate period, and
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The suspended masses predicted for the two aerosols in this sensitivity study
are given in Figure 7.14.3, together with experimental data. Using the lower, cited
value for insulation thermal conductivity again resulted in a dramatic increase in
the suspended aerosol masses during the ~10000-20000s period. Figure 7.4.4 shows
that the change in suspended aerosol masses is not due to very different saturation
ratios being calculated, as occurred for similar suspended aerosol mass differences
predicted with and without atinosphere-structure radiation heat transfer (discussed in
the previous subsection, 7.3). Instead, the comparison in the lower half of Figure 7.4.4
indicates that the differences predicted in CsOH and MnO aerosol suspended masses
are due to very different amnounts of water aerosol present for condensation in these
two calculations during the time period in question.

The aerodynamic mass median diameters and the geometric standard deviations
are contrasted in Figure 7.4.5, and the mass distributions of the three aerosol species
at >11000s in Figure 7.4.6. The average diameter comparison shows that the CsOH
and MnO particles are smaller during the ~6000-20000s period, and hence settle out
more slowly: the size distribution confirms that less water aerosol i1s present during
this time, resulting in less condensation and slower particle growth. Qnce the water
aerosol mass becomes equal for these two calculations (at ~20000s), the CsOH-MnO
aerosol component particles grow to about the same size and settle out at about the
same rate.

Table 7.4.1
sponding predictions from these two calculations. There is once again more aerosol
leakage in the calculation with larger suspended aerosol masses predicted during the
late. cooldown. period in that calculation. There is not much qualitative change in
deposited or plated masses predicted with and without radiation, and only mi.or
quantitative differences.

summarizes the measured post-test aerosol locations and the corre-

Again. as with the atmosphere-structure radiative heat transfer sensitivity study.
the different values of insulation thermal conductivity only produced differences in
the predicted aerosol response in those calculations where the water was modelled as
@ separate aerosol comrsonent.

[
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Table T.4.1. PostTest Acrowol Location 1n alation Therma Conductivity
Sensitivity Study

Acrosol Species Location Test Data Code (kg)
(kg) Reference Cited k

(“k 0.107)  “(k=0.0467")

CsOLH Setthed 2500 2615 2.610
Plated 0.501 ().230 0.193
leaked 0.007 0.005 0.044
NMnO Settied 1.927 2153 2.135
Plated ().22x 0.117 0.099
leaked 0.101 0.001 0.037
RETEE Nettiend 110 4.70N 1.745
Plated (.532 0.3147 0.292
lLeaked 0. 108 0.003 0.081



8 Comparison to CONTAIN

The reference MELCOR calculation described in Section 4 has been compared to
a similar calculation 8] done recently with the CONTAIN code |7]. The referenced
paper contains a number of post-test analyses; the one used for this comparison with
MELCOR is the "Best Iistimate with Insoluble Aerosol” calculation, even though a
separate CONTAIN analysis presented in reference [7] (“Best Estimate with Soluble
Aero=ol™) was in much better agreement with data during most of the experiment.
That calculation included the hygroscopic effect for the CsOH aerosol; because that
effect is not represented in MELCOR those results were not used for this code-to-code
comparison.

As in our reference MELCOR calculation, the CONTAIN calculation used the
higher insulation thermal conductivity, and included radiation heat transfer, but did
not include any hvgrosopic effects. Both should be considered non-blind, posttest
analyses where the test data were available for comparison during the calculations.
Because the reference MELCOR calculation was done with an agglomeration shape
factor set to 2.25 (from the MELCOR and CONTAIN ABCOVE analyses (2]) while
the CONTAIN LA4 calculation used a default agglomeration shape factor of 1.0 [9],
the CONTAIN results are compared also to the results of the MELCOR sensitivity
study calculation which used the default agglomeration shape factor of 1.0 (described
in Section 6.-1).

Figure 8.1 compares the test vessel pressures calculated by MELCOR and by
CONTAIN. and includes the corresponding experimental data. (The time period
plotted in these crossplots is shorter than that shown in the reference MELCOR
calculation results in Section 4 because the CONTAIN calculation was not run to
the end of the cooldown period, only to the end of the vent period.) The CONTAIN
results are in better agreement with data than the MELCOR results during the early
acrosol injection period, but in general the CONTAIN and MELCOR results are very
similar to each other. The MELCOR results obtained using the two different ASK
values are indistinguishable in this crossplot.

The atmosphere temperatures predicted by the two codes are given in Figure 8.2,
together with the measured data for the upper part of the test vessel. (As discussed in
Section botwo distinet regions, or convection cells. were observed in this experimment:

the upper reeion or cell was characterized by relatively uniform temperatures and

tehuded all the vohime above the elevation of the steam outlet pipe, or about 95°C of

the toral volume.) The CONTAIN result is again in better agreement with test data.

capectadly carly in the transient, but both codes give quite acceptable agreement with

data during o=t of the test period, including the steadv-state and vent periods of

o=t tere=t. The MELCOR results obtained using the two different. ASE vatue
arcoadmosr ndistingnishable o this crossplots except for a biriel divergence between

IOt and -0,
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Despite the very similar thermal - hydraulic conditions being caleulated, the results
tor the suspended aerosol masses are quite different for MELCOR and for CONTAIN
oy that steady-state and vent period, as illustrated in Figure 8.3. The results
picdicted by beth codes are very similar to each other and to data during the aerosol
iection periods (775000s). The suspended aerosol masses calculated by CONTAIN

ioout h

vroscopic effects) for both species are substantially higher than either test
o or the MELCOR reference calculation results from ~6000s through the end of
Cooporiod analvzed by both codes; however, the MELCOR results using the same

ity agelameration shape factor as in the CONTAIN analyses are very similar
oothe CONTALIN results for both aerosol species during the steady-state and vent
poriods (6000-20000s), before diverging from the CONTAIN predictions by about an

order of tna,nitude during the last, cooldown, test period.

1he saturation ratios and water aerosol masses suspended in the test vessel at-
phere predicted by the two codes are crossplotted in Figure .40 The differences
care the acrosol injection periods (t 5000s) do not result in any differences in sus-
Cded acrosol masses, as scen in Figure 8.3, The rapid dropofl in suspended aerosol
¢ inothe reference MELCOR calcutation at -10000s, not seen in the CONTAIN
Colcntation, ocours at a time when both codes predict @ saturation ratio of 1. How-
~orcthe reference MELCOR calculation (with an agglomeration shape factor of 2.25)
conesdowor water acrosol tiasses during the time of interest (~10000-17000s) than

o cther CONTAIN or MELCOR using the defanlt agglomeration shape factor,

co oondine to more water condensation onto. growth of, and settling of the in-
acrosol-o The water acrosol mass predicted during the steady-state and carly
oo b the MELCOR <ensitivity study caleulation using the default agglom-
S Bape tactor agrees very well with the corresponding CONTAIN result using
cdoialr aeelomcration ~hape factor. before diverging during the second half
foocriods That late-time divergence in water acrosol masses corresponds to

cerocro i nspended aerosol masses, and corresponds o different saturation

oy

Cicdicron i the -25000-55000s period. swiich s turnis probably due to differ-
Coornods anmie assumptions on how to treat excess water droplets inoa rapidly

Courizine atimos phere,

Pore s hows the acrosol masses e cach of the size sections for the reference
Pooody e cnat e and for the sensitiviey study i which the defaalt aoelomeration
o e oo when the acrosol particles are setthing out daring the
Copeesods tooct hor wrh @ carrespondeny plot for the CONTATLN aerosol
Poon tonat e s hmiar tnee takenc from s 0 Hhe CONTAIN plots i 9 have
Care ot valines viven to ablow se of and comparison to proprietary data in
oo oot N eapected fronn the comparisons in Fioures N5 and o the
PAN s ol carnponent size distnibation boguaditatively very <imilar to than
e aetanlt geolorneration chope tactor o NIELCOR D and both are
ot ze d btion o the cclercrnee MPELCOR calenlation ot
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MELCOR and CONTAIN are known to give essentially identical results for sus-
nended aerosol masses, in excellent agreement with test data, in the dry ABCOVE
-+ries of experiments done in the same test facility as the “wet”™ LACE experiments
2 . This comparison shows that, when the same input parameter values are used,
MELCOR and CONTAIN give very similar results for suspended aerosol masses in
‘he “wet” LACE LA4 experiment. The minor differences visible are most likely
sttributable to differences in thermal hydraulics. particularly in treatments of con-
deszation and transient supersaturated conditions.



9 Code Limitations Identified

Currently in MELCOR, aerosol sectional data are not readily available as either
control or plot variables, and are only partially available as optional output variables.
In particular. the mass median diameter of the aerosol size distribution was identified
as a variable of interest in the ABCOVE aerosol tests analyzed during the 1986
MELCOR validation effort 27, and requested to be made available as an output
variable back then. This option had not ye: been added when these LACE LA4
as<essment analyses were begun, but was added by the developers during this study.

As discussed in Sections 4 and 6.1, a sensitivity coefficient has recently been added
to MELCOR. for this analysis, in which the degree to which aerosols drain with the
liquid film can be adjusted. Set to 1.0. the default MELCOR treatment discussed
above is maintained. Set to 0.0. no aerosol is assumed removed by draining film. The
latter allows the effect of aerosol “washing-off” on the plated aerosol masses to be
evaluated.

As mentioned in Section 3. a special code mod was added to provide the ANNMD

and G3D variables on the plot file for each aerosol component in each control volume,
together with corresponding “wet” and ~“dry” composite values.






10 Summary and Conclusions

MELCOR was able to calculate most of the thermal/hydraulic and acrosol re-
sponse phenomena observed during the LACE LA4 experiment. The lack of any
hygroscopic effects in the MELCOR aerosol treatment was visible mostly as the lack
of any calculated difference in the behavior of the hygroscopic CsOH and the nonhy-
groscopic MnO aerosols. MELCOR predicted aerosol particles generally larger than
measured, which then settled faster than observed, and consequently less suspended
aerosols were leaked and/or plated in the calculation than in the experiment.

The results strongly indicate that water should be modelled as a separate aerosol
component, and that more sections (size bins) than the MELCOR default should
be used despite the extra cost. Including atmosphere-structure radiative heat trans-
fer, even at the relatively low temperatures (300-400K) characteristic of this test.
produced better agreement with data, as did using a detailed volume-altitude table
reflecting the differences in sump pool liquid surface area with elevation in the el-
liptical lower head. There was a stronq effect of whether plated aerosol mass was
allowed to wash off heat structures with condensate films draining down into the
pool. The suspended aerosol results depended most strongly on the value used for
the agglomeration shape factor, with a much weaker (but still visible) dependence
upon the dyvnamic shape factor.

CONTAIN calculations for LACE LA4 gave slightly better agreement with data
for some thermal hydraulic variables. The reference MELCOR results were in bet-
ter agrecrnent with measured suspended aerosol masses during the post-injection.
steady-state and vent. periods compared to results calculated by CONTAIN without
any hveroscopic effects in the acrosol equations. The reference MELCOR results.
withonut anyv hvgroscopic effects modelled. were very similar to CONTALIN resuits for
the suspended aerosol masses during the steady-state period obtained when hygro-
scopic effects were included. The reason for the difference in predicted suspended
acrosol masses in the two codes is the larger aerosol particles caleulated by M-
COR: the reason for the difference in aerosol particle sizes is primarily the different

acolomeration shape factors used,
Althongh there has been o 1ot of discussion recently on nurmeric effects seen g
crner NMETCOR calenlation=. no machine dependencies were seen in this pronien,

Gr srnooth converuence nopessits with reduced time steps wis demonsirated.






Bibliography

6

R. M. Summers et al.,"MELCOR 1.8.0: A Computer Code for Severe Nuclear
Reactor Accident Source Termn and Risk Assessment Analyses™, NUREG CR-

5551, SANDY0-0364, Sandia National Laboratories, January 1991.

. D. Leigh. ed. "MELCOR Validation and Verificarion - 1986 Papers™, NUREG
CR-4530. SANDR6-26589, Sandia National Laboratories, March 1987.

F.J. Rahn. "The LWR Aerosol Containment Experiments (LACE) Project Sumn-
mary Report”, EPRI NP-6094-D, LACE TR-012, Electric Power Research Insti-
tute, Novernber 1988,

J. Do MeCormack, et al.. “Final Report of Ilxperimental Results of LACH Test
A1 Late Containment Failure with Overlapping Aerosol Injection Periods™,
EACE TR-025, Westinghouse Hanford Company. October 1987.

D). C. Slaughterback, “Pre- and Post-Test Thermal-Hydraulic Comparisons of
LACE Test LA4”, EPRIRP-2802-4, LACE TR-027, Intermountain Technologies,
Inc., February 198R.

J. H. Wilson. P. €. Arwood. “Comparison of (Posttest) Predictions of Aerosol
Codes with Measurements in LWR Aerosol Containment Experiment (LACE)
LAY, ORNL M-991, LACE TR-084. Oak Ridge National Laboratory, February
1990.

K. K. Murata et al.. “User’s Manual for CONTAIN 1.1: A Computer Code
for Severe Nucloar Reactor Accident Containment Analysis™. NUREG "CR-5026.
SANDN 72500, Sandia National Laboratories. November 19x49,

F. Gelbard. J. L. Tills. K. K. Murata. "CONTAIN Code Calculations for the L A-
i Fxperiment™ . Sandia National Laboratories. Proceedings. 2nd International
Confercnce on Containment Design and Operation, Oct. 14-17, 1990, Vol 2.

“leput Deck tor LACE LA Dmemo from K F L Washington to Lo N Kmo k.

Precerroer T b0,



9



A Reference Calculation Input Deck

*eor- melgen

title "LACE LA-2 (2-component)’

tstart -3000.0

diagf melgen_diagnostics

outputf melgen_output

plotf plot_file

restartf restart_file
non-condensible gas input

ncg000 nz 4

ncg001 02 5

#-x# control volume input: there are three control volumes =#++

+s% the first is the experimental vessel, the other two *Aoew

#+4% are infinite volumes that border the vessel e
cv00100 expvol 2 2 2 + nonequil therm, vertical flow, containment
cv001a0 3

cv001lal ress.1 950.0 pvol 1.070e5 tpol 315.056

cv001a2 tatm 315.€5 ph2o 7811. + ph2o = .0730+pvol

c¢v001a3 nifr.4 0.79 =lfr.5 0.21

#2»cv001bl 0.0 0.0
- +xev001b2 19.03 852. * height, volume
- first zttexpt to approxicmate bottom curvature

c001bl 0.00 0.00
cv001b2 0.13 .30
cv001k3 G.20 0.93
c001b= L3330 2.08
¢ 001bs J.=b <. =5
cv001pe  19.03 882 .00
-~ first attempt to approximate bottom curvature
cvGhlct ae 101 3
ci10100 "cf101’ tab-fun 1 1.C 0.0
c£10103 101
cf10110 1.0 0.0 time
££10100 lights & 1.0 0.0
tf1011°0 o0 2.€%=H



10111 102420.0 2.
110112 102420.1 0.
10113 989999.0 0.

69%e

w

0
0

water leak
coo01c2 mass.1 102 3
2110200 'cf102°’ tab-fun 1 1.0 0.0
£10203 102
SE10210 1.0 0.0 t
1110200 water f 1
+£10210 -99999. O
£110211 27000.0 O
nf10212 27000.1 0.0243
110213 74400.0 O
EF10214 74400.1 O
“£10218 999999. 0
cLunlesd pe 112 3
£ 11200 'cf112' tab-fun 1 1.0 0.0
03 112

NN
—
-

ey o d ok

r ) 1.0 0.0 time
11200 water-enth 6 1.0 0.0
111210 -99999. 0.0
11211 27000.0 0.0
tf11212 27000.1 1.52948e03
+f11213 74400.0 1.52948e03
11214 74400.1 0.0
=f11215 999999. 0.0

saturated stean
v00lca mass.3 103 3
2110300 "cf103' tab-fun 1 1.0 0.0
T i0EGE 103

11010 1.0 0.0 time
1

NI steam 10 0 0.0
[ ~0Go%9. 0.0
MBS E ~-3000.1 0.0
IS ) -30006.0 0.451
S LHICREC 0.0 0.abl
171 0.1 0.048
<1k 2.0 0.048
LF 2.1 0.029
' D00 0L 024
; 6001 00

96



t£10319 959999 . 0.0

cv001lch ae 113 3

¢f11300 '¢f113’ tab-fun 1 1.0 0.0
¢f11303 113

cf11310 1.0 0.0 ¢time

t£11300 steam-enth 11 1.0 0.0

t£11310 -99999. 0.0

tf11311 -3000.1 0.0

tf11312 -3000.0 1.24278e06
t£11313 0.0 1.24378e06
tf1131= 0.1 1.33200e05
t£11315 1830.0 1.33200e05
tf11316 1830.1 1.33180e05
t£11317 3030.0 1.33180e05
t£11318 3030.1 1.33107e05
tf11319 +812.0 1.33107e05
t£11320 4812.1 7.99903e04
t£11321 36000.0 7.99903e04
t£11322 36000.1 0.0

tf11323 999999. 0.0

” nitrogen instrument purge gases
cv001cE mass.4 104 3

cf 10100 '¢c£f104’ tab-fun 1 1.0 C.0O
cf10403 104

cf1021G 1.0 0.0 time

tf10400 nit 16 1.0 0.0

t£10410 -999%9. 0.0

tf10211 -3000.1 0.0

1f10a12 30000 0.001=
tf10413 0.0 0.0014
tf1021x 0.1 0.0016
tf1041% 1830.0 0.0016
t£102:16 1830.1 0.0018
ey 3030.0  0.0018
tiloale 303010 00020
tf10219 16800.0  0.0020
t£10220 16800. 0.0014

1
£t110421 36000.0 0.0014
110522 36000.1 G.0012
t£10423 312000.0 0.0012
tf 10224 3420001 0.0
tiiin 9Ghhuy . 0.0

o4

c 00 CT te 112 8



£t£11400
t£11410
cvOOlca
cf20100
cf20103
cf20110
t£20100
t£20110
tf20111
t£20112
t£20113
t£20114
t£20115
cv001icb
t£21100
t£f21110

cv001lcc
cf20200
cf20203
cf20210
t£20200
t£20210
t£20211
£t£f20212
t£20213
t£20214
t£20215
cv001cd
t£21200
£t£f21210

cv001ce
cf20300
cf20303
cf20310
££20300
t£20310
tf20311
20312
tf20313
t£20314

nit-enth 1 1.0 0.0
0.0 301.15
nitrogen thru aerosol line (period 1: -50min to 0)
mass 4 201 3
'cf201’ tab-fun 1 1.0 0.0
201
1.0 0.0 time
nit-1 6 1.0 0.0

-98999. 0.0
-3000.1 0.0
-3000.0 0.0027
0.0 0.0027
0.1 0.0
999999. 0.0
te 211 8
nit-1-enth 1 1.0 0.0
0.0 433.15

nitrogen thru aerosol line (period 2: O to 30.5min)
mass.4 202 3
'cf202' tab-fun 1 1.0 0.0

202
1.0 0.0 time
nit-2 6 1.0 0.0
-99999. 0.0
-0.1 0.0
0.0 0.067
1830.0 0.067
1830.1 0.0
999999. 0.0
te 212 8
nit-2-enth 1 1.0 0.0
0.0 510.15

nitrogen thru aerosol line (period 3: 30.5 to 50.5min)
mass.4 203 3
'cf203° tab-fun 1 1.0 0.0

203
1.0 0.0 time
nit-3 6 1.0 0.0
-99999. 0.0
1830.0 0.0
1830.1 0.066
3030.0 0.066
3030.1 0.0

1]
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hs00001000 17 1 -1
hsD0001001 'upper-head’
nsO0001002 19.03 0.0
hsC0001100 -1 1 0.0
nsO0001101 0.0193 8
hsO0001102 0.0443 17
hs<0001200 -1

hs00001201 steel 7

hs00001202 fiberglass 16
hsO000L300 O

hsJ0001200 1 1 ext 1.0 1.0
hsO0001500 45.604 7.62 7.62
hs00001600 1 2 ext 1.0 1.0
hsO00C17C0 45.601 7.62 7.62
rs0C01800 -1

nsO0001801 315.65 8
hs000C1802 305.00 17

2300002000 22 2 -t
hsJ0002001 'walls-edge’
ns00002002 0.0 1.0
hs20002100 -1 1 3.81
ns00002101 3.8269 1=
nsO0002102 3.8519 22
ngO0002200 -1

rnsD0002201 steel 13
rs00002202 fiberglass 21

nsH0002300 C

nsO0002-00 1 1 ext 1.0 1.C
25800 <2285 17.9 17.9
2600 1 2 ext 1.CG 1.0

o D0 <285 17.9 17.9
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hsQ0003204 -1
nrsOCOC3251
hs0000320%
hs0000330CC
hsOOO03 <0
nsO0CO3ELT 25
hsQOO0O3ELT 1 2 eu
hs00C03700 <5 .60
hs000038 L -1
hs00003&5:. 31E €%
hs000C385% 208 .C
« additi
nsOCOGC2CLL & L
hsOCGO2CoL "int-roci’
hsCGGOGZCLL 13.03 .0
hsOCOUG=1l7 -1 L 4.0
hsQOCGC21 1 € .008148
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frac. / mass. source rate /

- 5
tf for aercsoi s
1.0 1830.0 1.0 1830 1 0.0
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rnee o L L7 G0 $.0007ET 7T 2 < aerosol source (class 7)
’ 70 v+ gmd, gsd

<007 cFOC7'  tap-fun 1 1.0 0.0
LT "7
DT 1.0 ¢80 tize
S 20700 ascurce 210 0.0 <~ tf for aerosol source

S ETT LT s D O TR0 0.0 1830.1 1.0 3030.0 1.0 3030.1 0.0
rnasCE Y LT L. 0 0.0007537 8 2 = aerosol source (class 7)

2.56 * md, gsd

o

. 0.0 = tf for aerosol source
OO0 30300 0.0 3030.1 1.0 4812.0 1.0 4812.1 0.0

-
o

(o]
boa

-~ ~ -
K te Yy le= . o000
PR LN T olea - 1.V O.0
Le - co PO P 2
- o - N~ W “ < 'L
- . + - N -
B . . S U )
s - B - ~ ~
e % . - clt-2-1 003
z SLie 2 n L .- CVCiT LTl Y
,,,,,, . - ~ - - - o~
< o E - a_T_1 A
: L2 1L [ rn.-CVCLR 1,003
~ - -~ 1 . 2
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cf99900 'rn mliq' add 2 1.0 0.0
cf99910 1.0 0.0 cfvalu.991
cf99911 1.0 0.0 cfvalu.992

X

=

cf82000 ’'saturation ratioc’ divide 2 1.0 0.0

cf89002 3 0.0 1.0
cf89010 1.0 1.0e-30 cvh-psat(tvap).001
cf89011 1.0 1.0e-30 cvh-ppart.y.001

%

cf89100 ’'total aerosol’ add 7 1.0 0.0

cf89110 1.0 0.0 rnl-amgt-1-1.001
cf89111 1.0 0 O rnl-amgt-2-1.001
cf89112 1.0 0.0 rni-amgt-3-1.001
cf89113 1.0 0.0 rnl-amgt-4-1.001
cf8911+ 1.0 0.0 rnl-amgt-5-1.001
cf891ls5 1.0 0.0 rnl-amgt-6-1.001
cf89116 1.0 0.0 rnl-amgt-7-1.001

-

cf89200 ‘'water fraction’' divide 2 1.0 0.0
cf89202 3 0.0 1.0

cf89210 1.0 1.0e-30 cfvalu.891

cf&9211 1.0 1.0e-30 rni-amgt-5-1.001

cf8930C 'checr' divide 2 1.0 0.0

¢cf89362 3 0.0 1.0

cf&8531C 1.0 1.0e-30 rnl-amgt-5-1.001

cf89311 1.0 1.0e-30 cvh-mass.2.001

runsDO0 1,88 2.25 1.37 1.0 0.001 0.05 1.0 1.0e-5

rnds000 1 lhs ceiling
rindsO01 2 lhs  wall
rndsGoZ 2 i1hs  floor
rndsCO3 < lhs  ceiling
rnds00O5 & lhs  wall
rnds~08 6 lhs  floor
rndsC06 1 rhs  inactive
rndsC07 2 rhs inactive
rndsO08 3 rhs  inactive

rndsD09 2 rhs  inactive

rndsCGlo

N

rhs inactive

106



*rndsO011i 6 rhs inactive

=

rnccOOO 2 1 2 2 2 2 1
rnset0O0 2 2 0.0 1.0
rnset001 3 3 0.0 1.0
dchdecpow tf-009

dchclsnorm ves

dchdefclsO 1 2 3 4 656 7
tf00900 decay 2 1.0 0.0
tf00910 0.0 0.0 100.e5 0.0
Eox g material properties

# steel

mpmat00100 steel
mpr:at00101 rho 1
mprat00102 cps 12
mprat00103 the 1
tf01100 rho-steesl
tf01111 0.0 7850.0

-

tf01200 cps-steel
tf01211 0.0 £500.0
101300 the-steel
tfo1311 C. 0 27.0
cunlret
rnc Il
cps 2%
the R
LIozZiilt G0z

—

—

1.0 0.0
1.0 6.0
1.0 0.0



LEGLLUN cpseoconcrete 1 1.0 0.0
1U.300  tho-concrete 1 1.0 0.0
Lteldit 0.0 106

iiberglass

cotie ¥ fiberglass

Latuo30l cps 31
mpmanO0302  tho 32

zpmat0030%  rho 33

AR

> P - F
1 [ el 1 1.0 U

i ' 00467
oo SN YS!
i < 1 1 .G !
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----- wurn on radlation - s
fa J grav-gas-& <. 15
Pl \," y"" o :
g J grav-gas-a <. 15
PALATIN L Q sSTa =.15
; - o C
o i - o th
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M Tl aonosti
t LApTel Tl T uages
t L IaOY UTTUl
PN ~Lob _Tlle
covartt restart file

"'N>4 4
redvizig L1 L
tetart  dtmar  cumin tedit
- - o0 0. 3200,

1

{

v

[

o

o O
IR

T G 60 0.01 1782.
o AN 0 0.01 6000.
T LR 150 0.01 9600.
e L 0. 0.0 61200.
L CI F.00 0.0t 20000.

foiti

1
.01 1830.
1 1200.

dtplot
60 .
€0.
60.
60 .
60.
180.
600 .
600 .

dtrest
3000.
1820,
1200.
1782.
6000 .
9e00 .
61200.

10800.
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