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Abstract

MELCOR is a fully integrated, engineering-level computer code, being developed at
Sandia National Laboratories for the USNRC, that models the entire spectrum of severe
accident phenomena in a unified framework for both BWRs and PWRs. As part of an
ongoing assessment program, the MELCOR computer code has been used to analyze
a series of containment spray tests performed in the Containment Systems Experiment
(CSE) vessel to evaluate the performance of aqueous sprays as a means of decontaminat-
ing containment atmospheres. Basecase MELCOR results are compared with test data,
and a number of sensitivity studies on input modelling parameters and options in both
the spray package and the associated aerosol washout and atmosphere decontamination
by sprays modelled in the radionuclide package have been done. Time-step and machine-
dependency calculations were done to identify whether any numeric effects exist in these
CSE assessment analyses. A significant time-step dependency due to an error in the
spray package coding was identified and eliminated. A number of other code deficiencies
and inconveniences also are noted.
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1 Introduction

MELCOR [1]} is a fully integrated, engineering-level computer code being developed at
Sandia National Laboratories for the U. S. Nuclear Regulatory Commission (USNRC),
that models the progression of severe accidents in light water reactor (LWR) nuclear
power plants. A spectrum of severe accident phenomena, including reactor coolant system
and containment 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 applied in severe accident
analyses.

Some limited technical assessment activities were performed early in the MELCOR
development process [2]; more recently, a systematic program of verification and valida-
tion has been under way. To this end, a number of assessment calculations have been
and are being done [3-13]. One of these assessment activities is analysis of a series of
eight large-scale containment spray experiments performed in the Containment Systems
Experiment (CSE) vessel [14], to evaluate the performance of aqueous sprays as a means
of decontaminating containment atmospheres. Measurements were obtained which pro-
vide a suitable basis for judging the ability of various mathematical models to predict
spray performance in large nuclear power plant buildings.

MELCOR version 1.8PN was used for all the calculations described in this report.
Note that these MELCOR calculations were done as an open posttest study, with the
experimental data available to guide the selection of code input.

The test facility, experimental configuration and experimental procedure are outlined
briefly in Section 2. Section 3 describes the input used for these MELCOR assessment
analyses. The results of our reference calculation for test A-9 (the experiment analysis
used as the base case for our sensitivity studies) are given in Section 4. Section 5 gives
results for other experiments in the CSE series with experimental parameters varied.
Sensitivity studies on modelling variations affecting the spray (SPR) package are pre-
sented in Section 6, while Sections 7 and 8 present results obtained varying parameters
and options affecting the aerosol and vapor modelling, respectively, in the radionuclide
(RN) package. Section 9 contains the results of our time step and machine dependency
sensitivity studies. Section 10 summarizes the code and modelling problems identified
during these assessment analyses. A summary and conclusions of this MELCOR assess-
ment study are presented in Section 11. The input used for the CSE test A-9 reference
calculation is listed in Appendix A.




2 Facility and Test Description

Eight experiments have been performed in the CSE containment vessel to evaluate the
performance of aqueous sprays as a means of decontaminating containment atmospheres.
Measurements were obtained which provide a suitable basis for judging the ability of
various mathematical models to predict spray performance in large nuclear power plant
buildings. The test facility is briefly described in this section, along with the tests

performed and important test parameters. These descriptions are taken primarily from
[19, 21].

All eight experiments were performed in the main CSE containment vessel, which was
7.62 m (25 ft) in diameter by 20.33 m (66.7 ft) high. Figure 2.1 is a schematic drawing
showing most of the important experimental features. A fresh, room-temperature spray
solution was made up in an exterior, stainless steel storage tank. About 7570 { (2000 gal)
were used in most of the experiments, which was about 1.3% of the gas volume in the
main room. The spray manifold near the top dome was arranged for either 3 or 12 nozzles
at a uniform spacing. About 80% of the gas space in the main room was washed by spray
in all tests except A-3, in which only 50% of the space was covered.

Other features shown schematically in Figure 2.1 are the system for generating fission
product iodine and aerosol simulants [15], the boiler house steam line used for establish-
ing the desired post-accident atmosphere, a 360° wall trough near the deck for measuring
wall liquid runoff rate and fission product concentrations in the wall film, funnels to catch
falling drops, the liquid pool sampling systems, a viewing window, and the gas sampling
locations. The gas was sampled at 14 different locations by Maypack clusters [16]. Fig-
ure 2.2 is a schematic diagram of a single Maypack showing the trapping components in
the sequence used. Twelve Maypacks were installed in each cluster, each with its own
solenoid valve. A detailed description of the experimental equipment is given in [17].

Two kinds of materials were aerosolized in the CSE experiments to represent solids
that could be released during postulated accidents. UO, fuel elements clad with stainless
steel or zircaloy were heated inductively to temperatures high enough to form appreciable
quantities of aerosol, which was probably converted to UsOg; this uranium oxide aerosol
simulated core materials that have very low vapor pressures and low solubilities in water.
Cesium carbonate was heated by means of an electrical resistance heater. This material
volatilizes at a relatively low temperature and forms aerosols of cesium hydroxide, and
possibly Cs;CO3, in humid atmospheres. This cesium aerosol simulated fission products
classed as volatile solids and is highly soluble in water.

Iodine was injected in two forms: elemental iodine and methyl iodide. When release
was desired, a flask containing elemental iodine (equilibrated with an I-131 tracer) was
heated electrically and air swept through the flask carried the elemental iodine through
the hot zone of the UO, melt furnace. Some particulate-associated iodine and organic
iodides were always produced. Additional iodine in the form of reagent grade methyl
iodide was equilibrated with 1-131 in methyl alcohol in a stainless steel U-tube; when
release was desired, air was passed through the U-tube to sweep the methyl iodide directly
into the test vessel (bypassing the UO; furnace).
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The experimental procedure was to establish the desired atmospheric temperature
and pressure in the containment vessel by using boiler house steam. (In two tests the at-
mosphere was room-temperature air at ambient pressure.) When the atmosphere reached
the desired temperature, the steam feed rate was reduced to a point where thermal equi-
librium was maintained and left at this rate for the duration of the experiment. The
condensate produced by warming the steel vessel was discarded. Then the fission prod-
uct simulant was injected in a 10 min period. Time was referenced to the start of aerosol
injection. Samples were taken during a short waiting period to determine the removal
rate by natural effects. Then the fresh spray was started. In six of the experiments
the sprays were operated intermittently; in two tests they operated continuously, with
recirculation from the sump after all the fresh solution had entered the vessel.

Gas samples were taken at all 14 locations simultaneously by operating electrical
solenoid valves from an adjoining laboratory. The gas sample rate was maintained at
0.54:0.05 ft3/min (STP) for 3.040.07 min for all samples. Liquid samples were taken
more frequently early in the test when concentrations changed rapidly.

Exact timing of the spray periods was accomplished by priming the spray manifold
before the test and by the use of an electric ball valve for on-off control. Visual observa-
tions confirmed that sprays started and stopped within 3 s of the specified times. The
spraying rate was controlled to that which gave the specified pressure drop across the
spray nozzles.

The experimental conditions and test parameters are listed in Tables 2.1 through 2.7.
Table 2.1 gives the physical conditions common to all the experiments, while Table 2.2
gives the values of parameters which were varied from test to test. Table 2.3 lists the
total spray flow rates and chemical composition for each spray period. Table 2.4 lists the
start and stop times for the six tests in which sprays operated intermittently.

In the tests with a steam-air atmosphere, the cold fresh spray rapidly reduced the
temperature and pressure within the vessel. Table 2.5 summarizes the atmospheric con-
ditions immediately before and after each spray period. The measured temperature for
these CSE tests is the arithmetic average reading of 5 Chromel-Alumel (Type K) ther-
mocouples located in the main room vapor space. The pressure was recorded by visual
readings of a precision absolute pressure gauge.

The masses of iodine, cesium and uranium released into the containment vessel var-
ied slightly between experiments, but the nominal initial concentrations are given in
Table 2.6. The initial concentration of iodine was about the maximum expected in a
large PWR with a 50% release of the iodine inventory in the core.

Two experiments (A-10 and A-12) were done in which the sprays were started shortly
before fission product simulants were released, and continued without interruption until
all the fresh solution had been sprayed into the containment vessel [19]. After a 10 min
period to arrange valves, recirculation from the sump was started and continued for about
20 hr. Table 2.7 lists the conditions for these two experiments.




Table 2.1. Physical Conditions Common to All CSE Spray Experiments (from

[19,21])

Volume above deck including drywell 595 m® 21,005 ft3
Surface area above deck including drywell 569 m? 6,140 ft?
Surface area/Volume 0.958 /m 0.293 /ft
Cross-sectional area in main vessel 45.5 m? 490 ft2
Cross-sectional area in drywell 8.8 m? 95 ft?
Volume in middle room 59 m® 2,089 ft3
Surface area in middle room 127 m? 1,363 ft2
Volume in lower room 96 m® 3,384 ft3
Surface area in lower room 191 m? 2,057 ft2
Total volume in all rooms - T5lm?® 26,477 ft3
Total surface area in all rooms 888 m? 9,560 ft2
Drop fall height to deck 10.3 m 33.8 ft
Drop fall height to drywell bottom 154 m 50.5 ft
Surface coating All interior surfaces coated

with phenolic paint;

Two coats phenolic 302¢

over one coat phenolic 300°
Thermal insulation All exterior surfaces covered

with 1 in Fiberglas® insulation;
k=0.027 Btu/hr-ft-°F at 200°F,
Type PF-615°

¢ The Carboline Co., St. Louis, Missouri
5 Owens-Corning Fiberglas Corp.
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Table 2.3. Spray Flow Rates and Solutions Used in CSE Spray Experiments (from

[19,21])
Spray Period A-3 A4 A6 A-T A-8 A-9
First
Total flow rate (I/s) 0.8064 3.087 3.087 3.087 3.150 9.324
Volume sprayed () 484 1852 1852 1852 567 1678
Spraying pressure (kPad) 276 276 276 276 276 352
Solution ¢ ¢ b ¢ b b
Second ’
Total flow rate ({/s) 0.8064 3.087 3.150 3.0555 3.150  9.513
Volume sprayed ({) 1455 5594 5670 5500 6993 1712
Spraying pressure (kPad) 276 276 276 276 276 359
Solution ¢ a b ¢ b b
Third
Total flow rate (I/s) 0.7875 2.646 1.008 2.8665 2.961 9.387
Volume sprayed ({) 2778 7144 3251 10319 10660 5632
Spraying pressure (kPad) 276 200 28 252 252 352
Solution d e € e ¢ b
Fourth
Total flow rate (I/s) - - - 3.0618 3.1752 8.694
Volume sprayed (I) - - - 9178 9526 31298
Spraying pressure (kPad) - - - 276 276 338
Solution - - - f s €

* Fresh, room temperature, 525 ppm boron as H3BO3 in demineralized water,
NaOH added to pH of 9.5

b Fresh, room temperature, 3000 ppm boron as H3BOj3 in demineralized water,
NaOH added to pH of 9.5

¢ Fresh, room temperature, 3000 ppm boron as H3BO3 in demineralized water,
no NaOH added, pH of 5

4 Fresh, room temperature, demineralized water

¢ Solution in main vessel sump recirculated, no heat exchanger used

f Fresh, room temperature, 1%wt NayS,03, 3000 ppm boron as H3BO4

in demineralized water, NaOH added to pH of 9.4




Table 2.4. Timing of Spray Periods in CSE Spray Experiments (from [19,21])

Time after Start of Iodine Release (s)
Spray Period A-3 A-4 A-6 AT A-8 A-9

First
Start 2400 2430 1800 1800 1800 1800
Stop 3000 3030 2400 2400 1980 1980
Duration 600 600 600 600 ~ 180 180
Second
Start 8400 8400 4800 4800 4800 3300
Stop 10200 10200 6600 6600 7020 3480
Duration 1800 1800 1800 1800 2220 180
Third
Start 88380 72300 93900 79380 12000 5400
Stop 91980 75000 97500 82980 15600 6000
Duration 3600 2700 3600 3600 3600 600
Fourth
Start - - - 86580 81000 12600
Stop - - - 89580 84000 16200
Duration - - - 3000 3000 3600




Table 2.5. Atmospheric Conditions in CSE Spray Experiments (from [19,21])
A-3 A-4 A-6 A-7 A-8 A-9

Containment vessel insulated no no yes yes yes yes

Forced air circulation® yes yes no no no no

Start of First Spray

Vapor temperature (K) 298 208  397.0 393.5 3943 393.7

Pressure (kPa) 100.66 100.66 304.74 344.73 349.55 303.36

Relative humidity (%) 70 88 100 100 100 100
Stop of First Spray

Vapor temperature (K) 298 298 3826 3856 3904 383.1

Pressure (kPa) 100.66 100.66 266.13 306.12 332.32 265.44
Start of Second Spray

Vapor temperature (K) 298 298 387.0 388.7 3904 385.9

Pressure (kPa) 100.66 100.66 281.30 317.15 339.90 272.34
Stop of Second Spray

Vapor temperature (K) 298 298 367.6 368.1 359.8 376.5

Pressure (kPa) 100.66 100.66 203.39 248.20 235.10 237.86
Start of Third Spray

Vapor temperature (K) 298 298 392.0 3931 3759 3793

Pressure (kPa) 100.66 100.66 302.67 322.67 286.12 248.20
Stop of Third Spray

Vapor temperature (K) 298 298 384.8 383.1 376.5 355.9

Pressure (kPa) 100.66 100.66 280.61 288.19 222.00 186.84
Start of Fourth Spray

Vapor temperature (K) - - - 384.3 392.6 370.9

Pressure (kPa) - - - 292.33 361.27 205.46

Stop of Fourth Spray
Vapor temperature (K) - - 362.0 3526  364.8
Pressure (kPa) - - - 225.45 223.38 193.05

¢ Fan without duct located in bottom of drywell; 2400 {t*/min discharge.
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Table 2.6. Typical Initial Fission Product Simulant Concentrations in the Vapor
Space in CSE Spray Experiments (from [19,21])

Species Co (mg/m?)
Elemental iodine 100
Particulate-associated iodine 5
Methyl iodide 2
Cesium 5
Uranium 5

11




Table 2.7. Test Conditions for Continuous Spray CSE Experiments (from [21])

Parameter A-10 A-12
Solution composition 2750 ppm B, NaOH 2750 ppm B, NaOH,
1%Wt Nagngg
pH 9.4 9.2
Nozzle type Spraying Systems Spraying Systems
No. 7G3 No. 7G3

Number of nozzles 12 12
Spraying pressure (kPad) 276 276
Droplet MMD (pm) 1210 1210
Droplet GSD 1.53 1.33
Total spray rate (I/s) 3.087 3.150
Wall flow rate (I/s) 0.145 0.145
Total spray volume ({) 1787 8316
Fresh spray

Start time (s) -120 -480

End time (s) 2400 2400
Recirculating spray

Start time (s) 3000 3000

End time (s) 68400 78600
Initial conditions

Vapor temperature (K) 393.7 395.9

Pressure (kPa) 337.83 324.04
At end of fresh spray period

Vapor temperature (K) 360.9 375.9

Pressure (kPa) 216.49 237.17
During recirculation

Average temperature (K) 394.3 39L.5

Average pressure (kPa) 386.10 324.04
Fission product release

Start time (s) 0 0

End time (s) 600 600
Mass of iodine released (g) 99 100
Mass of cesium released (g) 7.1 4.7
Mass of uranium released (g) ~2 ~2
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3 MELCOR Input Model

The MELCOR input model used for these CSE containment spray experiment cal-
culations is shown in Figure 3.1. The MELCOR model had 7 control volumes (6 for
the containment test vessel and 1 for the environment), 5 flow paths (all internal to the
test vessel), and 18 heat structures (12 internal to the test vessel and 6 representing the
vessel exterior walls). Two sprays were defined, one for the (multiple) fresh sprays and
one for the spray recirculating from the test vessel sump. Twelve tabular functions were
used: 9 for material properties (for steel, paint and insulation), 2 to define the fresh
and recirculating spray flow rates, and 1 to define the fission product injection. Over a
hundred (106) control functions were used: 2 to model the external steam feed mass and
energy sources, 13 to model the spray injection (flow rates, temperature, etc.), 1 to define
the fission product injection and 90 to track the cesium and uranium oxide particle and
iodine inventories in the various vessel subcompartments. A listing of the input for the
test A-9 base case calculation is included as an appendix, for reference.

Five control volumes are used in the test vessel, representing the dome above and
below the spray injection ring, the lower drywell region, the middle room, the lower
room (also referred to as the sump volume), and the wetwell (which in this problem is
isolated from the rest of the vessel). The other control volume is a time-independent
volume used to model a constant, ambient environment serving as the outer boundary
volume for the vessel walls. All control volumes were specified to use nonequilibrium
thermodynamics and were specified to be vertical volumes.

Five flow paths were provided for flow within the test vessel: from the doine to the
lower drywell, from the dome to the middle room, from the middle room to the lower
room, between the two dome regions (divided at the spray injection elevation) and for
recirculation from the lower drywell up to the upper vessel dome. Most of the junctions
were defined to be either normal vertical flow paths or normal horizontal flow paths as
determined by the system geometry. SPARC bubble rise physics was turned off at all
junctions (the default). The recirculation flow path was provided to allow for the fact
that in the actual facility there can be downflow in some fraction of the dome with upflow
in the remaining dome region. The area of that recirculation flow path was set to 1 m?,
about 10% of the total cross-sectional flow area in the dome. (Studies showed little or
no sensitivity to the exact value of the flow area used, as long as a non-zero recirculation
flow path area was used.)

All heat structures used the steady-state temperature-gradient self-initialization op-
tion. The heat structures were specified to use the “external” set of heat transfer coef-
ficient correlations with the heat structure length or height input as the characteristic
length. The critical pool fractions for pool and atmosphere heat transfer were set to
0.0 and 1.0 respectively. Radiation heat transfer between structure and atmosphere was
modelled, with the emissivities set to 0.80.

The default radionuclide class structure and properties in the MELCOR RN package
were used. The fission product simulants were specified to be class 2 (CsOH), class 4 (I,)

13
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and class 10 (U), and the water droplets were in class 14 (H,0). Most of our CSE analyses
were done specifying one MAEROS component (the default), with 10 aerosol distribution
size bins from 0.1 pgm to 50 pm. (Sensitivity studies were done with separate MAEROS
components for each class, as discussed in Section 7.1, and with both 5 and 20 aerosol
distribution size bins, as discussed in Section 7.2.) The fission product simulants were
assumed to be nonradioactive and no decay heat (DCH) package input was included.

The aerosol density in the base case calculations was set to 2500 kg/m?> (2.5 g/cm?).
Because MELCOR allows only a single aerosol density (regardless of how many MAEROS
components are specified), that aerosol density must represent two quite different particle
sets. The value used is intended to represent a compromise between the cesium particles,
with CsOH having a nominal density of just under 1.8 g/cm® (and Csl having a density
of 3.14 g/cm?®), and the uranium oxide particles, with U3Og having a nominal density of
just under 8 g/cm®. The default aerosol density in MELCOR is 1000 kg/m3=1 g/cm?,
i.e., water density. (To evaluate the effect of this parameter, a sensitivity study was
done in which the aerosol density assumed was varied, with the results summarized in

Section 7.3.)

These fission products were specified to be injected over a 10 min period at the start
of the calculation. The cesium and uranium were injected as aerosols, while the iodine
was injected in vapor form. There is not much information available in the test reports on
the particle size distribution; based upon data in [19], the cesium aerosol was sourced in
as a log-normal particle distribution with an average mass median diameter (AMMD) of
0.5 pm and a geometric standard deviation (GSD) of 1.5, while the uranium aerosol was
sourced in as somewhat larger particles using a log-normal distribution with an AMMD
of 1.0 pm and GSD of 1.5. (Because the data on particle size distribution is considered
to have a large uncertainty, a sensitivity study was done in which the initial particle size
distributions assumed were varied, with the results summarized in Section 7.4.)

For most of the tests, two sprays were defined: one representing fresh spray water
from an exterior source at a constant specified temperature, and the other representing
spray water recirculated from the lower room sump at local temperature. Both the spray
on/off timings and the flow rates were specified using sets of control functions and tabular
functions. Both the fresh and the recirculating sprays were specified to have a five-size
droplet distribution (the finest resolution allowed in MELCOR), with equal numbers of
droplets in each bin and with the droplet AMMD and GSD taken from the test data as
given in Tables 2.2 and 2.7. The droplet size distributions used for the test A-9 base case
analysis is given in Table 3.1, for reference. (A sensitivity study was done for test A-9
in which the droplet size distribution assumed was varied, with results summarized in
Section 6.2.)

MELCOR assumes that the spray droplets are well mixed and interact completely
with the adjacent atmosphere. In reality, some of the spray hits the vessel walls (measured
to be from 1% to 11% in the various tests [19]). Also, only a fraction of the gas volume
in the dome was washed by the sprays; based upon the known spray height and envelope
diameter for the nozzle arrangements used, that fraction was estimated to be 50% in
test A-3 and 80% in the other tests [19]. In most of our calculations, 70% of the spray
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flow rate was assumed to interact fully with the adjacent volume atmosphere, and the
remainder was specified to go directly to the liquid pool. The fraction of spray interacting
with the atmosphere was reduced partly to represent the fact that not all the volume
cross-sectional area was washed by spray (measured to be about 80% in most tests), and
partly to represent the lack of complete mixing immediately below the spray injection,
where the sprays first fan out from the injection nozzles. (A sensitivity study was done
in which the spray fraction assumed to interact with the dome atmosphere was varied,
with the results summarized in Section 6.1.)

MELCOR currently does not include iodine chemistry modelling. However, a user-
input parameter is available to define different iodine partition coefficients for different
spray types, to help account for chemical interaction effects as reagents such as water
and borax solution (boric acid neutralized with sodium hydroxide to a pH >9) react
reversibly with iodine so that equilibria are established. The partition coefficient is
defined as the ratio of the concentration of iodine in the liquid droplets (elemental iodine
and its reaction products) to the concentration of iodine in the gas under equilibrium
conditions. It is normally much greater than 1.0 (the default value in MELCOR), and
recommended best-estimate values are 5000 for sodium hydroxide and hydrazine sprays,
100,000 for sodium thiosulfate (which reacts instantaneously and essentially irreversibly
with iodine) and 2500 for boric acid sprays. This parameter was set to 5000 in our
base case MELCOR inodel. (A sensitivity study was done in which the iodine partition
coefficient used was varied, with the results summarized in Section 8.1.)

The calculations were begun at t=-18000 s (-5 hr), with t=0 taken as the start of the
10 min aerosol injection period. This was done to allow time for fog droplets to grow
larger than the minimum aerosol particle size. (The effect of this is discussed in more
detail in Section 7.5, which describes sensitivity studies on evaporation/condensation.)

The user-specified maximum time step in these calculations was 2 s during the spray
injection periods and 20 s between the spray injection periods. The results of a time step
study, both using code-determined time steps and reducing the user-specified maximum
time steps further, are given in Section 9.2. The majority of these calculations were run
on an HP9000 Model 755 workstation. Results of a machine-dependency study are given
in Section 9.1.
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Table 3.1. Droplet Size Distribution Used in Reference MELCOR Model for CSE
Containment Spray Experiment A-9

Size  Diameter Fraction of
Section  (pm)  Spray Drops (%)

1 420 20
2 580 20
3 725 20
4 980 20
3

1250 20

17




4 Reference Calculation Results

This section gives base case MELCOR assessment analysis results for CSE contain-
ment spray experiment A-9. This experiment was selected as the base case for analysis
because it had the highest spray flow rates into a prototypic containment atmosphere and
because it had the most test data documented [21] and thus available for comparison.
Results of our MELCOR analyses simulating the other intermittent spray tests and the
continuous-spray tests are given later in Section 5.

The primary purpose of test A-9 was to demonstrate the removal of iodine and aerosol
particles from containment atmospheres at a high spray flow rate (145 gal/min). The
atmosphere initially was a saturated steam-air mixture at 3 bars and 394 K, about 2/3
steam and 1/3 air. The iodine, methyl iodide, cesium and uranium oxide were released
into the vessel and allowed to mix for 30 min. Fresh room-temperature water with caustic
(pH9.4) boric acid was used; the spray system was operated for 3 min, and a second 3 min
spray and then a 10 min spray were performed. Finally, the spray liquid in the test vessel
sump was recirculated for 1 hr. Figures 4.1 and 4.2 show the spray flow rates and spray
temperatures for both the three fresh sprays and the recirculating spray used in test A-9.
(Section 2 gives more detail on the initial and boundary conditions of the experiment.)

4.1 Thermal/Hydraulic Response

The effect of the sprays on containment atmosphere response is shown in Figure 4.1.1,
which compares calculated MELCOR, results with test data for the test vessel pressure.

The individual fresh spray periods (at 1800-1980 s, 3300-3480 s and 5400-6000 s)
are predicted to cause rapid declines in the test vessel pressure, which is in qualitative
agreement with test data, with the test vessel pressure recovering somewhat between
sprays, owing both to the residual steam feed and to heat transfer from the walls. The
pressure drops caused by the fresh spray in the calculation are visibly greater than those
measured. This is probably due to the code’s overprediction of steam condensation by
the fresh sprays because MELCOR assumes that the spray immediately becomes well-
mixed in the volume and that the only difference in velocities between the atmosphere
and the spray droplets is the droplet fall velocity, which results in rapid equilibration
of the droplets with the atmosphere (within <1 m fall height in this problem, out of
a total fall height of <10 m). In reality, the spray does not mix completely in the
volume immediately after leaving the nozzles, because the spray droplets disperse ina
cone geometry, and because the droplets within the spray cone are partially shielded
from the volume atmosphere by droplets nearer the surface of the spray cone. There
may be a significant additional velocity differential owing to internal recirculation flow
in the atmosphere caused by local cooling but, even though such recirculation flow can
be modelled in MELCOR, the spray model does not take into account the resulting
atmosphere velocity. The discrepancy is most noticable for the third spray period both
because that spray period is longer than the first two and because small changes in
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steam condensation have relatively larger effects at the lower pressures found later in
this transient.

The pressure increases calculated between the fresh spray periods are also somewhat
greater than measured, most noticably late in the transient after the third and longest
fresh spray period at about 6000 s; this could be caused by small differences in the
continuous steam feed flow rate and/or temperature used in the experiment and the
calculation, to differences in heat transfer from the interior of the vessel wall, and to
differences in the residual heat loss through the insulated vessel exterior. (No exact
values for the continuous steam feed were given in the test report. The enthalpy used
for the steam source in the MELCOR calculation was the enthalpy of saturated steam at
the initial conditions in the test vessel; the mass flow rate used for the steam source was
the rate needed to offset the vessel heat loss and maintain the test vessel temperature
nearly constant before the first spray began.)

That most of the pressure drop predicted in the vessel is due to condensation of steam
in the atmosphere is demonstrated in Figure 4.1.2, which gives the partial pressures of
steam, nitrogen and oxygen in the atmospheres of the control volumes representing the
test vessel, together with the total pressures (with the experimental data included for
reference). In most of the vessel, especially in the dome and lower drywell volumes, there
is very little change in the partial pressure of the air (i.e., the nitrogen and oxygen); almost
all of the pressure change is due to decreases in the partial pressure of steam. There is
a somewhat bigger change in the partial pressures of the air in the lower volumes (the
middle room and the sump), probably caused by displacement of the air from the lower
volumes (middle room and sump) into the upper volumes (dome and upper dome) to
maintain uniform pressure.

The effect of the sprays on containment atmosphere temperature is shown in Fig-
ure 4.1.3, which shows calculated MELCOR results compared with test data. Calculated
temperatures are given for the vapor atmospheres in the five active control volumes mod-
elling the test vessel, not including the isolated wetwell volume. Temperature histories
are also included for the liquid pools accumulating in the lower drywell and lower room
sump volumes. In MELCOR, the pool temperature in a control volume can be unequal
to the atmosphere temperature only when a liquid pool is present in the volume. In this
problem, liquid pools accumulate only in the lower drywell and in the sump; the dome
and middle room volumes do not have any significant and persistent pools, only small
amounts of liquid water during and immediately after the spray injection periods which
correspond to spray droplets and condensate draining to the lower drywell and sump
pools.

As found for the vessel pressure, the three fresh spray periods are predicted to cause
rapid declines in the test vessel temperature, in qualitative agreement with test data,
with the test vessel temperature recovering somewhat between sprays, owing both to the
residual steam feed and to heat transfer from the walls. The temperature increases calcu-
lated between the fresh spray periods are slightly greater than measured. This occurred
with the pressures also, and is consistent with the speculation that the discrepancies
between sprays are due to small differences in the continuous steam feed flow rate and/or
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temperature used in the experiment and the calculation, to differences in interior heat
transfer and/or exterior residual heat loss, or to small differences in all of these param-
eters. The calculation shows a rapid temperature recovery after the temperature drops
caused by fresh spray injection followed by a quasi-adiabatic period.

The recirculating spray was observed in the experiment to produce a small pressure
increase and a temperature decline. The pressure increase is also found in the MELCOR
results, but the calculated vessel temperatures remain nearly constant or increase slightly.
This qualitative difference most likely occurs because the recirculating spray period starts
with different conditions in the vessel in the experiment and in the simulation. In par-
ticular, the sump water could be cooler in the test than the vessel atmosphere because
there is less interaction with the steam in the atmosphere, while in the calculation the
spray droplets come to full equilibration with the vessel atmosphere; recirculating water
that is at the same temperature as the atmosphere should not change the atmosphere
temperature noticably, as seen in the calculation, while continually decreasing the vessel
vapor temperature, as seen in the data, should only be possible by injecting cooler spray
water. (Note that the recirculating spray was modelled using a new input feature added
in MELCOR 1.8.3 by which a user can explicitly specify spray to be drawn from an
existing control volume pool at local conditions. Thus, there is no question of potential
user errors in control functions used to model the energy sink caused by depleting the
sump liquid, as would have been the case with earlier versions of MELCOR.)

The test data included in this figure represent the arithmetic average reading of
5 thermocouples located in the main room (dome) vapor space. The test data show a
linear increase between sprays because test data for the vessel temperature were available
only for time points corresponding to the beginning and end of spray injection; the data
curve should not be interpreted as demonstrating linear response between sprays. The
pressure measurement reflects global vessel conditions because the pressure differentials
between different parts of the vessel are very small; the temperature measurement, in
contrast, represents only localized conditions near the thermocouples and may not reflect
the average response in either the dome or the remainder of the vessel. In fact, the given
temperature data cannot represent isothermal conditions in all regions in the test vessel
because saturation at those temperatures added to a partial pressure of air proportional
to the temperatures corresponds to pressures below those measured. The pressure and
temperature data can be reconciled by assuming that part (less than half) of the test
vessel system remains at temperatures closer to the initial temperature (394 K) than to
the cooler temperatures in the dome in the thermocouple data (which represent a region
efficiently cooled by spray injection).

The calculation indicates that most of the control volumes representing the test vessel
are at about the same temperature, except for the atmosphere in the lower room, which
is cooled by the accumulating sump pool.

Figures 4.1.4 through 4.1.7 present the atmosphere and pool temperatures in the
control volumes representing the test vessel, together with the saturation temperature
corresponding to the partial pressure of steam and local wall surface temperatures. Dur-
ing the spray periods, the atmosphere temperatures drop to the local steam saturation
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temperature. After the spray ends, the atmosphere temperature rapidly rises, owing to
the steam makeup flow and to heat transfer from the vessel structures. In volumes with
an accumulating liquid pool (the lower drywell and the lower room), the floor structure
surface temperature closely follows the pool temperature. In the calculation, any heat
addition is generally heat transferred from interior structures; the inner surface of the
exterior test vessel cylinder is usually cooler than the adjacent volume atmosphere (in
the dome and middle room).

Figure 4.1.8 compares the water masses calculated in the liquid pools in the lower
drywell and in the sump to test data. The qualitative agreement is quite good, despite the
quantitative discrepancies, particularly the step increases in water mass due to the fresh
spray periods, the higher fraction of water in the lower room sump relative to the lower
drywell accumulation, and the transfer of some water from the lower room sump to the
lower drywell by the recirculating spray late in the transient. However, the calculation
indicates less water accumulating than measured, and does not reproduce the drop in
lower drywell pool mass after the end of both the fresh and the recirculating sprays; it
is not clear how the water pool could be redistributed in the test from the lower drywell
sump to the lower room sump unless the lower drywell leaks.

4.2 Aerosol Response

Figure 4.2.1 presents the concentrations of cesium aerosol in various regions in the
test vessel atmosphere, compared with test data; the concentrations shown are the mass
of airborne aerosol in the control volume atmosphere divided by the volume. The de-
fault class description for cesium in MELCOR (i.e., class 2) includes a vapor pressure
characteristic of CsOH, so that cesium could be present in either aerosol or vapor form
depending on other conditions such as volume pressure and temperature; in this calcula-
tion, the conditions are such that cesium is predicted to be present only in aerosol form
despite the non-zero vapor pressure curve. (Class 2, CsOH, was used rather than class
16, Csl, because the cesium aerosol was generated by heating cesium carbonate by means
of an electrical resistance heater, and this material forms aerosols of cesium hydroxide in
humid atmospheres.)

The concentrations plotted are for the test vessel dome or main room, the middle
room and the lower room or sump. The calculation shows virtually equal concentrations
in the dome, the upper dome above the spray injection elevation, and the lower drywell,
because the recirculation flow modelled keeps these volumes well mixed.

The calculated concentrations of airborne cesium aerosols agree qualitatively with the
measured concentrations. The code predicts stepwise decreases in concentration in the
dome atmosphere during each of the three fresh spray periods and a more gradual, linear
decline during the longer, late-time recirculation period, as observed in the test. Also,
the concentrations of airborne cesium aerosols in the middle room and lower room rise
gradually during the first portion of the test until they approach the concentration in the
dome, after which the concentrations throughout the vessel remain nearly equal as they
drop uniformly.
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There are, however, a number of significant quantitative discrepancies in the calcu-
lated aerosol response compared with measured test data.

The calculated concentration of airborne cesium aerosols in the dome remains very
nearly constant between spray periods, while the test data show a substantial decline
prior to the first spray period. Further, the stepwise decreases in concentration predicted
in the dome atmosphere during each of the fresh spray periods are about equal, with
slightly more aerosol removal with each successive fresh spray, while the test data show
much more aerosol removal during the first spray period than during subsequent sprays.
Finally, the airborne concentrations in the middle and lower rooms equilibrate with the
dome concentration at a much higher value in the calculation than was measured; this is
simply because the calculation predicted less aerosol removal by sprays and by natural
processes such as settling than was observed in the experiments.

The experimental data on spray effectiveness also has been analyzed in terms of
the concentration half-lives, and the resulting washout constants for cesium aerosols are
listed in Table 4.2.1. The observed half-lives during the spray periods were corrected
for natural removal processes [19]; no such modifications were made to the calculated
half-lives predicted in the calculation because the natural removal rates were extremely
slow. (Two values are given for the washout during the recirculating spray because
the MELCOR calculation indicates a substantial decline in washout during the long
recirculating spray period.)

A comparison of the tabulated half-lives and washout coefficients confirms the conclu-
sion drawn from the plotted cesium aerosol airborne concentrations in Figure 4.2.1 that
the code significantly underpredicts the removal of cesium aerosols from the test vessel
atmosphere compared with test data, both during sprays and between spray periods.
The test data show consistently less removal during later spray periods and later in the
transient, while the MELCOR aerosol removal rates appear more random during and
between the various spray periods, with no obvious pattern emerging.

Figure 4.2.2 presents the calculated concentrations of uranium aerosol in the test vessel
atmosphere, compared with experimental data. (The concentrations shown are the mass
of airborne aerosol in the control volume atmosphere divided by the volume.) Results
are shown for the main room or dome, the middle room, and the lower room sump. The
MELCOR results for the upper dome control volume (above the spray injection elevation)
and for the lower drywell are very similar to the results given for the dome, because the
recirculation flow modelled keeps these volumes well mixed. The default class description
for uranium in MELCOR (i.e., class 10) has a zero vapor pressure for T<3000 K, so that
uranium is predicted to be present only in aerosol form regardless of other conditions.

There are some obvious problems with the uranium aerosol airborne concentration
measurements. The initial concentration of uranium is given as 5 mg/m?, which is equal
to the initial cesium aerosol airborne concentration [14, 21]; however, the uranium aerosol
airborne concentration measured prior to the first spray period as given in [21] is about an
order of magnitude lower than the corresponding cesium aerosol airborne concentration
given for the same test. The uranium aerosol airborne concentrations measured prior to
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the first spray period for other CSE tests [19] are generally at least an order of magnitude
higher than the results given for test A-9 and more similar to the corresponding cesium
aerosol airborne concentrations given. Since the aerosol source was nominally the same
in all the intermittent-spray tests and since the only major difference between test A-9
and tests A-6, A-7 and A-8 is in the spray conditions, there is obviously an inconsistency
between the given initial concentration and the early-time measurement. Also, note that
samples were not analyzed for uranium after the first spray period.

The predicted response of the uranium aerosol closely resembles that already pre-
sented for the cesium aerosols. The calculated concentrations of airborne uranium
aerosols agree qualitatively with the measured concentration, but there are a number
of quantitative discrepancies. The calculated concentration of airborne uranium aerosols
in the dome remains very nearly constant between spray periods, while the test data
show a substantial decline prior to the first spray period. Also, the test data show much
more aerosol removal during the first spray period than predicted in the calculation.

The concentration half-lives, and the resulting washout constants for uranium aerosols
are listed in Table 4.2.2. The larger initial AMMD for the uranium aerosol compared with
the cesium aerosol is reflected in the shorter half-lives and higher washout rates before
and during the first spray period. The nearly equal size distributions for the cesium and
uranium aerosols later in the transient are reflected in the very similar half-lives and
washout rates for the uranium and cesium aerosol airborne concentrations later in the
test period.

The observed significant decline in cesium aerosol airborne concentration owing to
natural removal in the absence of sprays is seen only before the first spray period, and is
probably due to the settling of aerosol particles growing by rapid condensation of steam
onto aerosols in the humid vessel atmosphere. The lack of a further noticable decline
in cesium aerosol airborne concentration due to natural removal between spray periods
is probably due to less condensation potential after the first spray has cooled the vessel
atmosphere somewhat. The rapid drop observed during the first spray period is due to
the spray efficiently washing out selected particle sizes; the substantially slower removal
of aerosols by later sprays is most likely due to the changed airborne aerosol particle
distribution, with only particles left which the spray is less efficient in removing.

There are very few experimental data on particle size distribution in the CSE contain-
ment spray tests. Based on data from earlier tests in the CSE series on natural removal
of suspended cesium and uranium aerosol particles [22], significantly larger particles (up
to 16 pm diameter) would be required to match the observed natural depletion rates
such as those found before the first spray period. Particle size was measured by cascade
impactors at selected intervals during the spray tests; for test A-9, the measured mass
median particle diameter was 0.5 pm for cesium and 0.6 pgm for uranium before the first
spray period, and 0.4 gm for both cesium and uranium after the second spray period
[14]. At longer times, more of the material penetrated the impactor, indicating a shift to
smaller sizes.

The limited test data indicate that initially the particles exist as large fog drops in
the humid test vessel atmosphere. The introduction of a cold spray reduces the relative
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Table 4.2.1. Cesium Aerosol Washout Rates for CSE Test A-9 — Reference

Calculation
ty/2 (min) As (min~1)

Measured Calculated Measured Calculated
During first spray period 1.08 5.0 0.643 0.14
During second spray period 2.0 4.6 0.34 0.15
During third spray period 5.4 4.3 0.13 0.16
During fourth spray period 33 6.9-34.7¢ 0.021 0.10-0.02¢
Prior to first spray 24 130 0.0289  0.005
Between sprays 1-2 145 300 0.0048 0.002
Between sprays 2-3 170 525 0.0041 0.001
Between sprays 3-4 180 400 0.0039 0.002

* at start of spray and at end of spray

Table 4.2.2. Uranium Aerosol Washout Rates for CSE Test A-9 — Reference

Calculation
t1/2 (min) As (min~1)

Measured Calculated Measured Calculated
During first spray period 2.3 4.6 0.31 0.17
During second spray period 4.3 0.16
During third spray period 4.3 0.16
During fourth spray period 6.9-34.7¢ 0.10-0.02¢
Prior to first spray 21 100 0.0330 0.007
Between sprays 1-2 45 100 0.0154 0.007
Between sprays 2-3 250 0.003
Between sprays 3-4 400 0.002

[22

at start of spray and at end of spray
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humidity within the containment atmosphere, causing evaporation of the fog drops and
a reduction in the particle size. The particle size is then further reduced by evaporation
of water caused by a decrease in relative humidity as the gas passes through the cascade
impactor. This explanation accounts for the small size indicated by the impactor and
the large size implied from the natural transport experiments.

MELCOR qualitatively predicts the correct behavior, with the aerosol particles ini-
tially growing in the humid atmosphere, and later shrinking as the sprays remove the
larger particles. However, there are a number of quantitative discrepancies.

Figures 4.2.3 and 4.2.4 give the mass median diameter and geometric standard devia-
tion, respectively, of the airborne cesium aerosol particle distributions in the atmospheres
of the various control volumes representing the test vessel; the aerosols in the upper dome
show very similar behavior to those in the main dome, and are not shown here.

Fog (i.e., water aerosol) is initially present in the dome, upper dome and lower drywell.
Recall that the steam makeup source is introduced in the lower drywell, and that a
recirculation flow path is modelled from the lower drywell to the upper dome, so that
the dome, upper dome and lower drywell volumes are well mixed. The fog is generated
from condensation of the steam makeup flow. No fog is calculated to be present in either
the middle or lower rooms, which have no recirculation flow paths, except for brief times
during and just after the spray periods.

The fog droplets are created at the minimum aerosol particle size, which in our input
model was set to 0.1 gm. (There is no capability in MELCOR to vary the initial size of
the fog drops except by changing the minimum aerosol particle size, which would affect
all aerosol species at all times.) As noted in Section 3, these calculations were begun 5 hr
before the start of the 10 min aerosol injection period, to allow time for the fog droplets
to grow larger than the minimum aerosol particle size. The fog droplets have grown to
almost 2.5 ym during that preconditioning period, and do not seem to be growing further
when the transient is begun. The fog aerosol particles’ AMMD drops by a factor of 2 to
1.25 pm during the first spray period. The fog particles then grow again after the end
of the first spray period until the system pressure and temperature drop sufficiently to
cause the remaining fog droplets to be precipitated from the control volume atmosphere
into the pool. At later times, no fog is calculated to be present in the dome or lower
drywell except for brief times during and just after the spray periods.

The cesium particles are injected with an AMMD of 0.5 um and GSD set to 1.5. The
cesium aerosol mass median diameter increases to ~1.4 pm at the start of the first spray
period in the volumes with fog initially present, but increases only to ~0.8-0.9 ym before
the first spray period in the volumes with no fog initially present. The mass median
diameter of the cesium aerosol particles drops rapidly by about 10-20% during the fresh
spray periods, more in the dome and lower drywell volumes washed by the spray than
in the downstream middle and lower rooms. The cesium particles grow slightly after the
first spray period as long as fog is present, then remain nearly constant between spray
periods. The diameter of the cesium aerosol particles drops more gradually, by 30-40%,
during the late-time recirculating spray period.

37




3.50 L2 L] ¥ E L2 1) L L) 3:25 ¥ . 1 LS ¥ L) L] L] L]
3.25 3 O | 3.00 .'.! ==8-= 1,0

| i s GO i n —— Coslum
3.00 l: e faue ranium z2.75 p += - A Uronium
2.75 } 'Ii; z.s0f ] J
2.50 F== | ’ 2.25 } {:‘ .
2.25 1 *a’ ’ 2.00F ¥ .
2,00 g - ' s ) ]

Aerosol Particls AMMD in Dome (10™°m)
S
[3.]
Aerosol Parlicle AMMD in Lower Drywell (10~%m)

' 25 ] 1.25 ? -
100 i z i 1.00 ; 4
[)
0.75 B. i _ 0.75 # ,’E .
0.50 ';;' +'E 4 0.50 i ‘E 4
1
0.25 | R - 0.25 | o -
] 1
0.00 L plip g g g g 0.00 ¥ T T N S S W S S
0 4 8 12 16 20 0 4 8 12 16 20
Time (10%s) Time (103s)
CSE A-9 CSE A-9
HLEKCVKPN 8/12/94 10:3151  MELCOR SUN HLEKCVKPN 8/12/94 10:3t51  MELCOR SUN
2.75 T T T T 1 T 1 L)
—=@== H,0
2.50 | 'f ol
2.25 L f' =A== Uronium |
]
z.00 } 0“' ! 4
I

1.75
1.50
1.25

1.00
.78

.50

Aerosol Particle AMMD in Middle Room (10~ °m)
Aerosol Particle AMMD in Lower Room (10~°m)

.25

e r——— g

¥
G-

.00 ¥ T - | I N | L

8 12 16 20
Time (10%s)

&

Time (103s)

CSE A-9 CSE A-8
HLEKCVKPN 8/12/94  10:31:51  MELCOR SUN HLEKCVKPN B/12/94  10:31:51  MELCOR SUN

Figure 4.2.3. Airborne Aerosol AMMDs in Vessel Dome {upper left), in Lower
Drywell (upper right), in Middle Room (lower left) and in Vessel Sump
(lower right) for CSE Test A-9 — Reference Calculation

38




2.50 —
2.25
2.00
1.75

1.50

1.25
1.00 p ]

0.75 F

Aerosol Particle GSD in Dome

0.50

0.25 ¢

L ¥

——gee 0
—tpe Coslom
— A= Uranjum

0.00 !

0 4

CSE A-9

HLEKCVKPN 8/12/94  10:31:51

Time (10%s)

MELCOR SUN

20

3.25
3.00
2.75
2.50
2,25
2.00

1.50
)
1.25 ¢
1)
1.00F B
=
[)
)
)
]
[]
)
]

0.75 F

Asrosol Particle GSD in Middle Room

0.50 p
0.25 ¢

‘F"""""""

LE L)

e=8== H,0
—— Cesium
— A Uranium

-

li S

-

Lg—»

'
'
)
)
)
1
]
1
)
)
'
)
H
'
0.00 L—uptie
1] 4

CSE A-9

HLEXCVKPN B8/12/94  10:31:51

Figure 4.2.4.

8 12
Time (10%s)

MELCOR SUN

16

20

0.75 F

Aerosol Particle GSD in Lower Drywell

0.50 F

——f@== H,0
— Coslum
- A Uronfum

0 4 8 12
Time (10%s)

CSE A-9

HLEKCVKPN 8/12/94  10:31:51  MELCOR SUN

20

2.50 =

1.00}F & ]
0.75 1

0.50

Aerosol Particle GSD in Lower Room

J) j. 1 . A

=== H,0
g Ceslum
mam Aem Uronfum

[l H H 'l 'l

[¢] 4 B 12
Time (10%s)

CSE A-9

HLEKCVKPN 8/12/94 10:31:51  MELCOR SUN

16

Airborne Aerosol GSDs in Vessel Dome (upper left), in Lower Drywell
(upper right), in Middle Room (lower left) and in Vessel Sump (lower
right) for CSE Test A-9 — Reference Calculation

39

20




(The calculated GSD for the airborne cesium aerosol particles varies slightly but
generally echoes some of the AMMD behavior, increasing when fog is present and when
aerosol particles are growing, remaining nearly constant after the fog has disappeared
and then dropping gradually during the late-time recirculating spray period. The GSD
remains in the 1.0-2.0 range throughout.)

The uranium particles were injected with an AMMD of 1.0 gm and the GSD set to
1.5, i.e., somewhat larger than the cesium particles injected. Throughout the transient
period simulated, the predicted mass median diameters for the uranium aerosol particles
closely resemble but remain slightly greater than those predicted for the cesium aerosol
particles, with the difference decreasing with time. The GSD of the uranium particle size
distribution also closely resembles the GSD for the cesium aerosol particles, but generally
remains slightly smaller.

Other experimental programs also have noted higher initial aerosol removal rates when
sprays are started than long-term removal rates in runs where steam is present [23]; this
is attributed to local subcooling and nucleation of water drops on airborne particles
together with processes associated with condensation on the spray drops. The results
in [23] for cesium removal in spray experiments show that the decontamination factor
increases where there is more condensation, while it decreases where there is less. (The
results in [23] for uranium concentrations in spray experiments are close to sensitivity
limits and are of questionable accuracy, which is not dissimilar to the CSE results.)

4.3 TIodine Vapor Response

Figure 4.3.1 presents the concentrations of iodine vapor in the test vessel atmosphere,
compared with test data. (The concentrations shown are the mass of iodine vapor in
the control volume atmosphere divided by the volume.) Results are shown for the main
room or dome, the middle room, and the lower room sump. The MELCOR results
for the upper dome control volume (above the spray injection elevation) and for the
lower drywell are very similar to the results given for the dome because the recirculation
flow modelled keeps these volumes well mixed. The default class description for iodine in
MELCOR (i.e., class 4) includes a vapor pressure characteristic of Iy, so that iodine could
potentially be present in either aerosol or vapor form depending on other conditions such
as volume pressure and temperature; in this problem, the conditions are such that iodine
is predicted to be present only in vapor form.

The concentration half-lives and the resulting washout constants for iodine vapor are

listed in Table 4.3.1.

The calculated concentrations of airborne elemental iodine vapor show large stepwise
decreases in concentration in the dome atmosphere during each of the three fresh spray
periods and during the fourth recirculating spray. The calculated washout rates during
the three fresh spray periods are all nearly equal, and the calculated washout rate during
the recirculating spray is only slightly slower than during the fresh sprays. The test data,
in contrast, show significant iodine removal only during the first fresh spray period, with
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little or no further removal by the later sprays. The iodine removal measured during that
first spray period is much greater than calculated, as was also the case for the cesium and
uranium aerosol removal rates. However, owing to the continued removal of iodine in the
calculation, the predicted concentrations of airborne iodine vapor in the vessel are much
lower than the measured airborne iodine concentrations late in the test; this is opposite
to the case for aerosol behavior, where the code predicts higher late-time airborne aerosol
concentrations than measured.

One of the chief conclusions from all eight CSE spray experiments is that the initial
rapid washout of iodine did not continue after the inorganic (elemental) iodine concen-
tration was reduced to about 1% of its initial value, so that later sprays were not very
effective in lowering the concentration further. The experimentalists [14] attributed this
effect to two causes: (1) the Maypack is not a perfect discriminator of iodine forms and
some of the iodine called inorganic might be in forms less readily removed, and (2) ab-
sorption of inorganic iodine by aqueous sprays is a reversible process and back diffusion
into the gas space can occur from liquid films which contain high concentrations of iodine.

Other experimental programs (e.g., the NSPP spray program [23]) also have noted
that overall decontamination factors for iodine are higher in short-term runs than in
longer term runs, i.e., that initial iodine removal rates are much higher than long-term
removal rates. In that reference, analytical model studies indicate that the bulk of the
iodine is collected by the first spray solution, while the last of the solution has only
a little iodine to absorb and can take the concentration in the gas considerably below
the equilibrium value, assuming a well-mixed solution. In long-term runs with solution
recycled repeatedly through the containment atmosphere, enough recycling occurs to
establish equilibrium between the gas and liquid phases and to homogenize the liquid.
Also, a little of the spray solution is airborne as an aerosol of very fine, ~1 ym diameter
droplets, which the sampling system may not be able to distinguish from vapor. The
results and discussion of those NSPP spray tests are consistent with the results and
discussion of the CSE spray tests.

The first calculations for these CSE assessment analyses showed removal of elemental
iodine by sprays from the test vessel atmosphere as discussed above, but then predicted
that the iodine vapor would re-evolve from the liquid pools in the lower drywell and lower
room sumps very quickly, returning to near the initial airborne iodine vapor concentra-
tion. This occurred because the water in the pool had no capability of continuing to bind
the iodine vapor chemically in the MELCOR coding. This problem was noted by the
code developers and the implementation of TRAP-MELT modelling for fission product
condensation and evaporation was modified to totally disallow any evaporation of fission
products residing in a control volume pool. This is considered a temporary modification
and is expected to by replaced by the iodine chemistry model under development for
MELCOR. Until this new model is implemented, note that MELCOR versions 1.8.2 and
1.8.3 could have very different fission product vapor responses calculated in control vol-
umes with pools and sprays neither can be expected to be “correct” because the behavior
is probably intermediate between the two limiting extremes.

Also, note that MELCOR does not account for any fission product aerosol or vapor
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“loading” in recirculating sump water. A new feature was added in MELCOR 1.8.3 in
the spray package, allowing the user to specify a control volume from which to extract
water for recirculating sprays. In previous code versions, this had to be done by the
user defining mass and energy sinks using control functions to subtract water from the
control volume pool to balance the external spray injection. Since the spray is input as
a volumetric flow at a specified temperature (at an undocumented reference pressure),
while the mass and energy sinks are defined as a mass flow at a given enthalpy, there
was significant potential for mass and energy conservation problems modelling closed,
recirculating spray systems. However, any fission product aerosols and/or vapors already
deposited in the pool are left behind in the pool. For example, any iodine collected
by the sprays remains behind, locked in the liquid pool, as the water from that pool is
recirculated by the spray package. Thus, MELCOR does not account for any pre-existing
binding of iodine with reactants such as borax or sodium thiosulfate in recirculating sump
water, which might further degrade its capability to remove iodine.

Finally, note that MELCOR currently has no built-in capability to model methyl
iodide (a moderately soluble and less reactive vapor) or other iodine forms, or to model
details of iodine chemistry such as interaction with sprays containing different additives.

This capability will be added in the next code version after MELCOR 1.8.3.

43




Table 4.3.1. lodine Vapor Washout Rates for CSE Test A-9 — Reference Calculation

t1/ (min)

As (min™t)

Measured Calculated Measured Calculated

During first spray period
During second spray period
During third spray period
During fourth spray period

Prior to first spray
Between sprays 1-2
Between sprays 2-3
Between sprays 3-4

0.58
42
34

180

14.1
72
210
300

44

1.1
1.4
1.0
1.4

2000
250
1000
1000

1.193
0.017
0.020
0.0038

0.0492
0.0096
0.0033
0.0023

0.65
0.50
0.70
0.50

0.0004
0.0028
0.0007
0.0007




5 Experimental Parameter Studies

Eight experiments have been performed in the CSE containment vessel to evaluate the
performance of aqueous sprays as a means of decontaminating containment atmospheres,
as summarized in Section 2. Experiment parameters varied for the six intermittent spray
tests included atmosphere composition, spray flow rate, spray droplet size, and spray
chemistry; two tests used continuous rather than intermittent sprays.

Section 4 gave a detailed presentation of our base case MELCOR assessment results for
CSE containment spray experiment A-9. The results of our MELCOR analyses simulating
the other intermittent spray tests and the continuous-spray tests are given in this section,
demonstrating that, while the effects of varying these experiment parameters are generally
qualitatively reproduced in the MELCOR analyses, the same quantitative differences are
found in the other CSE spray tests as discussed in the last section for test A-9.

5.1 Effect of Spray Flow Rate (A-6 vs A-9)

Test A-6 generally resembled test A-9. In both tests, the test vessel was initialized
with a saturated steam-air mixture at a pressure of about 3 bars and a temperature of
390-400 K. The major difference was that the spray flow rates used were about a factor of
three higher in CSE A-9 than in CSE A-6. The timing of the sprays was also somewhat
different. Test A-6 had only two fresh spray injections, while test A-9 had three fresh
spray injections. The total amounts of water injected during the first spray period were
quite similar in tests A-6 and A-9, but more water was injected during the second spray
period in A-6 than in A-9 (but about the same amounts of water were injected during
the second fresh spray in A-6 as during the third fresh spray in A-9). Also, the total
amount of sump water recirculated in test A-6 was about an order of magnitude less than
during test A-9. (Section 2 gives more detail on the initial and boundary conditions of
the experiments.)

Figures 5.1.1 and 5.1.2 show the spray flow rates and spray temperatures for both
the two fresh sprays and the recirculating spray used in test A-6. Note that the spray
flow rates used in the calculation represent 70% of the spray flow rates given in Table 2.3
and are the flows assumed to interact fully with the atmosphere; also note that the
recirculating spray temperature shown is simply the temperature of the water in the
lower room sump.

The effects of the sprays on the response of the containment atmosphere are presented
in Figures 5.1.3 and 5.1.4, which compare calculated MELCOR results with experimental
data for the test vessel pressures and temperatures, respectively, for test A-6. The
qualitative and quantitative agreement between calculation and experiment for test A-6
for the vessel thermal/hydraulic response is generally quite similar to the qualitative and
quantitative agreement between calculation and experiment for test A-9 as discussed in
detail in Section 4.1. The overall pressure is underpredicted owing to overprediction of
the pressure drops during spray injection, because too much steam is being condensed by
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the sprays; in contrast, the calculated temperatures are generally higher than measured
in the test vessel dome.

Figures 5.1.5 and 5.1.6 present the concentrations of cesium and uranium aerosol,
respectively, in various regions in the test vessel atmosphere, compared with test data;
Figure 5.1.7 presents the concentrations of iodine vapor in the test vessel atmosphere,
together with test data. The concentrations shown are the mass of airborne aerosol
or vapor in the control volume atmosphere divided by the volume. The concentrations
plotted are for the test vessel dome or main room, the middle room and the lower room
or sump. The calculation shows virtually equal concentrations in the dome, the upper
dome above the spray injection elevation and the lower drywell, because the recirculation
flow modelled keeps these volumes well mixed.

The calculated concentrations of airborne cesium and uranium aerosols agree qual--
itatively with the measured concentrations. The code predicts stepwise decreases in
concentration in the dome atmosphere during both fresh spray periods and a more grad-
ual, linear decline during the late-time recirculation period, as observed in the test. The
agreement with data is quite good during and between the fresh sprays if adjusted for
the difference in initial concentration. The calculation also shows a decline in the air-
borne aerosol concentration in the vessel dome caused by natural settling during the long
period between the fresh sprays early in the transient and the recirculating spray late
in the test; the predicted removal rate in the dome is in good agreement with test data
in the first portion of this period (before ~25000 s) but then more rapid than observed
during the later times.

The predicted removal of iodine vapor during the first fresh spray period is less than
that measured, while the predicted removal of iodine vapor during the later spray periods
is significantly greater than that measured. MELCOR predicts similar iodine removal
rates during the two fresh spray periods, while the test data indicate much more iodine
removal by the first spray than by later sprays. This is generally the same behavior as
predicted for test A-9, as discussed in Section 4.3.

Table 5.1.1 summarizes the washout rates predicted for cesium and uranium aerosol
and iodine vapor in the test vessel dome for the different spray flow rates used in tests
A-6 and A-9. Although the absolute aerosol and vapor removal rates do not agree quan-
titatively with the test data, MELCOR correctly predicts the trend of slower aerosol and
vapor removal for the lower spray flow rates used in test A-6 than for the higher flow
rates used in test A-9.

5.2 Effect of Spray Droplet Size (A-6 vs A-8)

Test A-8 generally resembled test A-6. In both tests, the test vessel was initialized
with a saturated steam-air mixture at a pressure of about 3 bars and a temperature of
390-400 K, and the spray flow rates used were quite similar in these two tests. The major
difference was that the spray flow droplets were smaller in CSE A-8 than in CSE A-6,
owing to a change in spray nozzle. The timing of the sprays was also somewhat different.
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Table 5.1.1. Washout Rates for CSE Tests — Effect of Spray Flow Rate (A-6 vs A-9)

tl/? (mm)
A-6 A-9
Measured Calculated Measured Calculated

Cesium

First spray 5.6 8.7 1.08 5.0

Second spray 13. 11.6 2.0 4.6

Third spray @ 8.7 5.4 4.3

Fourth spray 33 34.7°
Uranium

First spray 7.8 6.9 2.3 4.6

Second spray 12.5 11.7 4.3

Third spray ¢ 7.7 4.3

Fourth spray 34.7°
Iodine

First spray 2.1 2.8 0.58 1.1

Second spray 35. 2.5 42 1.4

Third spray o0 8.7 34 1.0

Fourth spray 180 1.4

* indeterminant
b at end of spray
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Both test A-6 and test A-8 had two fresh spray injections, followed by a recirculating
spray period, but test A-8 also had a late-time third fresh spray injection. The total
amounts of water injected during the first two fresh spray periods were quite similar in
tests A-6 and A-8, but more water was injected during the first spray period in A-6 than
in A-8, while less water was injected during the second spray period in A-6 than in A-8.
Also, the total amount of sump water recirculated in test A-6 was about a third less than
during test A-8. (Section 2 gives more detail on the experiment initial and boundary
conditions.)

Figures 5.2.1 and 5.2.2 show the spray flow rates and spray temperatures for both the
three fresh sprays and the recirculating spray used in test A-8. Note that the spray flow
rates used in the calculation represent 70% of the flow rates given in Table 2.3 and are
the flows assumed to interact fully with the atmosphere; also note that the recirculating
spray temperature shown is simply the temperature of the water in the lower room sump.

The effects of the sprays on containment atmosphere response are presented in Fig-
ures 5.2.3 and 5.2.4, which compare calculated MELCOR results with test data for the
test vessel pressures and temperatures, respectively, for test A-8. In general, the overall
pressure is underpredicted owing to overpredicting the pressure drops during fresh spray
injection because too much steam is being condensed by the sprays; in contrast, the cal-
culated temperatures are generally higher than those measured in the test vessel dome.
There is no noticable pressure drop predicted by MELCOR during the recirculating spray
injection between 12000 s and 15600 s, while the experimental data indicates a large de-
pressurization comparable to the response to fresh, cold spray injection. This MELCOR
result for test A-8 is consistent with the behavior predicted for the recirculating spray
period in test A-9, during which little or no pressure change is calculated.

Figures 5.2.5 and 5.2.6 present the concentrations of cesium and uranium aerosol,
respectively, in various regions in the test vessel atmosphere, compared with test data;
Figure 5.2.7 presents the concentrations of iodine vapor in the test vessel atmosphere,
together with test data. The concentrations shown are the mass of airborne aerosol
or vapor in the control volume atmosphere divided by the volume. The concentrations
plotted are for the test vessel dome or main room, the middle room and the lower room
or sump; the calculation shows virtually equal concentrations in the dome, the upper
dome above the spray injection elevation and the lower drywell because the recirculation
flow modelled keeps these volumes well mixed.

The calculated concentrations of airborne cesium and uranium aerosols predicted
for test A-8, and for the airborne iodine vapor as well, are very similar qualitatively
to the results obtained for test A-6, presented in the previous subsection. Table 5.2.1
summarizes the washout rates predicted for cesium and uranium aerosol and iodine vapor
in the test vessel dome for the different spray droplet sizes used in tests A-6 and A-8.
Although the absolute aerosol and vapor removal rates do not agree quantitatively with
the test data, MELCOR correctly predicts the trend of more rapid aerosol and vapor
removal for the smaller spray droplets used in test A-8 than for the larger spray droplets
used in test A-6.




2 !ml T T T T T T | = T T

Spray Flow (107*m?/s)

ey

N'-——--'--"—-—-—-———--—-—--"-—-’

0.00 L L m xl iy
0 20 40 60 80 100
@ Time (10°s)

CSE A-8 —a— Ffresh
HWEKENXPN 8/23/94 10:5%06 MELCOR IBM-RISC =~ X-- Recirc

Figure 5.2.1. Spray Flow Rate for CSE Test A-8 — Reference Calculation

»




1 I 1 I T
—8— Ffresh
- —-X~- Recirc
X--—————- !--\\ -
\
\\
g 360 F X~ -
©
s 350 F -
©
S 340 -
£
(]
'—
. 930 F -
O
oy
v 320 F -
319 = = » —
300 F -
290 1 1 1 | | ] ] 1 ] ]
@ 0 20 40 50 80 100
Time (10°s)
CSE A-8

HWEKENXPN 8/23/94 10:51:.06 MELCOR IBM—RISC

Figure 5.2.2. Spray Temperature for CSE Test A-8 — Reference Calculation

a7




375

350
325
300
x 275
Lap]
=
o 250
2
o 225
a
Dome
200 —e— Lower Drywell
—a—— Middie Room
175 —=— Lower Room (Sump)
Upper Dome
150 v |
125 : '
0 20 40 60 80 100
(:l Time (103s)
CSE A-8

HWEKENXPN 8/23/94 10:51:06 MELCOR IBM=RISC

Figure 5.2.3. Vessel Pressure for CSE Test A-8 — Reference Calculation

38




4 O O 1 1 ¥ I I | L I 1 1
395 3 -
390 [ . i
385 M~ l, 2 -
N _ )
SN e b
Q 380 = ?“ ' ’-_, "’A’/\- -
~ | v A
© =275 | W - 4
:?: g | ScAesme-stTE L = u\ =
5 S T x-- 11
3 370 F ’*'/x —— —x— o .
£ " }
(] Y v
— 365 | .
. d -2
360 | ¢ . _
355 f -
350 F n
3 4 5 1 1 ] 1 1 1 1 1 1 1
@ 0 20 40 60 80 100
Time (1038) -—-8-- Dome
CSE A-8 -=-E~~ Upper Dome
HWEKENXPN 8/23/94 10:51:.06  MELCOR IBM—RISC | —-e-- Drywell (Atms)
—&— Drywell (Pool)
-—24-- Middle Room
--X~-- Sump (Atms)
—=— Sump (Pool)
Figure 5.2.4. Vessel Temperatures for CSE Test A-8 — Reference Calculation
59




—&— Dome

—&— Middle Room

—=x— Lower Room/Sump
0  Data (Dome)

-
-~
—
-~
L
-~
o~
—

CsOH Airborne Density (kg/m?>)

-11

10

-12 1 1 ) 1 1 1

10

0 20 40 650 80 100
@ Time (10°s)

CSE A-8
HWEKENXPN 8/23/94 10:51:06 MELCOR IBM-RISC

Figure 5.2.5. Cesium Aerosol Airborne Concentrations for CSE Test A-8 — Reference
Calculation

60




10 T T | T I T T T T T
~——=— Dome
i —a&— Middle Room
10 —=— Lower Room/Sump
| Data

U Airborne Density (kg/m?)

@ 0 20 40 60 80 100
Time (103s)

CSE A-8
HWEKENXPN 8/23/94 10:51:06 MELCOR IBM-RISC

Figure 5.2.6. Uranium Aerosol Airborne Concentrations for CSE Test A-8 -
Reference Calculation

61




—+&— Dome

—2&— Middle Room

—%— Lower Room/Sump
O  Dato (Dome)

-
- .
-
-
-
~~~--
-~
- .
-
-
-

|, Vapor Airborne Density (kg/m?)

1 1 1 |

40 60 80 100
Time (10°s)

CSE A-8
HWEKENXPN 8/23/94 10:51:.06 MELCOR IBM-RISC

Figure 5.2.7. Iodine Vapor Airborne Concentrations for CSE Test A-8 — Reference

Calculation

62




Table 5.2.1. Washout Rates for CSE Tests — Effect of Spray Droplet Size (A-6 vs

A-8)
t1/2 (mm)
A-6 A-8
Measured Calculated Measured Calculated

First spray 5.6 8.7 2.6 5.8

Second spray 13 11.6 14 5.0

Third spray @ 8.7 67 23.1

Fourth spray 30 2.0
Uranium _

First spray 7.8 6.9 6.6 4.8

Second spray 12.5 11.7 14 4.8

Third spray b 7.7 350 17.3

Fourth spray b 2.0
Todine

First spray 2.1 2.8 0.64 1.5

Second spray 35. 2.5 40 1.5

Third spray 0o 8.7 125 1.7

Fourth spray 50 2.3

@ concentration increased
b indeterminant
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5.3 Effect of Atmosphere Conditions (A-6 vs A-4)

The major difference between test A-6 and test A-4 was in the initial condition of
the test vessel atmosphere. In test A-6, the test vessel was initialized with a saturated
steam-air mixture at a pressure of about 3 bars and a temperature of 390-400 K, while in
test A-4 the test vessel was initialized with a steam-air mixture at atmospheric pressure
and about 300 K temperature, and about 90% humidity. The spray flow rates used were
quite similar in these two tests, although the timing of the sprays was somewhat different.
Both test A-6 and test A-4 had two fresh spray injections, followed by a recirculating
spray period. The flow rates and total amounts of water injected during the first two fresh
spray periods were quite similar in tests A-6 and A-4, but more water was injected at a
higher rate during the recirculating spray period in test A-4 than in test A-6. (Section 2
gives more detail on the experiment initial and boundary conditions.)

Figures 5.3.1 and 5.3.2 show the spray flow rates and spray temperatures for both
the three fresh sprays and the recirculating spray used in test A-4. Note that the spray
flow rates used in the calculation represent 70% of the rates given in Table 2.3 and are
the flows assumed to interact fully with the atmosphere; also note that the recirculating
spray temperature shown is simply the temperature of the water in the lower room sump.

The effects of the sprays on containment atmosphere response are presented in Fig-
ures 5.3.3 and 5.3.4, which compare calculated MELCOR results with test data for the
test vessel pressures and temperatures, respectively, for test A-4. There is no notica-
ble pressure or temperature change caused by spray injection in the experimental data,
while the MELCOR calculation indicates a slight pressurization and heatup. The cal-
culated pressurization and heatup in the calculation obviously is due to the fresh spray
being injected at a higher temperature than the ambient test vessel atmosphere; the fresh
spray temperature was kept at 312 K in the MELCOR input deck in the absence of any
information in the experiment documentation about spray temperature differences.

Figures 5.3.5 and 5.3.6 present the concentrations of cesium and uranium aerosols,
respectively, in various regions in the test vessel atmosphere, compared with test data;
Figure 5.3.7 presents the concentrations of iodine vapor in the test vessel atmosphere, to-
gether with test data. Table 5.3.1 summarizes the washout rates predicted for cesium and
uranium aerosols and iodine vapor in the test vessel dome for the different containment
atmosphere conditions used in tests A-6 and A-4. The experimental data in general
appear to indicate generally more rapid removal of aerosol and vapor at atmospheric
conditions than at elevated pressures and temperatures; the results of the MELCOR
calculation indicate a similar response for the iodine vapor removal, but the opposite
behavior for the aerosols. This is probably because the aerosol response is strongly af-
fected by problems in correctly calculating evaporation/condensation onto aerosols (as
discussed in more detail in Section 7.5).
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Table 5.3.1. Washout Rates for CSE Tests — Effect of Atmosphere Conditions (A-6

vs A-4)
t1/2 (min)
A-6 A-4
Measured Calculated Measured Calculated
Cesium
First spray 5.6 8.7 3.5 40
Second spray 13. 11.6 9.3 40
Third spray @ 8.7 50 40
Fourth spray
Uranium
First spray 7.8 6.9 5.9 11.6
Second spray 12.5 11.7 13.5 23
Third spray b 7.7 45 35
Fourth spray
Iodine
First spray 2.1 2.8 1.4 2.3
Second spray 35. 2.5 9 2.3
Third spray 0o 8.7 ¢ 3.5

Fourth spray

¢ concentration increased
b indeterminant
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5.4 Effect of Spray Chemistry (A-6 vs A-T)

Test A-T generally resembled test A-6. In both tests, the test vessel was initialized
with a saturated steam-air mixture at a pressure of about 3 bars and a temperature of
390-400 K, and the spray flow rates used were quite similar in these two tests. The major
difference was that the boron carrier in the sprays in CSE A-7 was simply demineralized
water rather than the NaOH solution used in CSE A-6, changing the spray pH from 9.5
to 5. The timing of the sprays was also somewhat different. Both test A-6 and test A-T
had two fresh spray injections, followed by a recirculating spray period, but test A-7 also
had a late-time third fresh spray injection. The total amounts of water injected during
the first two fresh spray periods were quite similar in tests A-6 and A-7, but the total
amount of sump water recirculated in test A-6 was about a third less than during test
A-7. (Section 2 gives more detail on the experiment initial and boundary conditions.)

Figures 5.4.1 and 5.4.2 show the spray flow rates and spray temperatures for both the
three fresh sprays and the recirculating spray used in test A-7. Note that the spray flow
rates used in the calculation represent 70% of the spray rates given in Table 2.3 and are
the flows assumed to interact fully with the atmosphere; also note that the recirculating
spray temperature shown is simply the temperature of the water in the lower room sump.

The effects of the sprays on containment atmosphere response are presented in Fig-
ures 5.4.3 and 5.4.4, which compare calculated MELCOR results with test data for the
test vessel pressures and temperatures, respectively, for test A-7. The MELCOR result
for test A-7 is consistent with and similar to the behavior predicted for test A-6 (cf.
Section 5.1). In general, the overall pressure is underpredicted owing to overprediction
of the pressure drops during fresh spray injection, because too much steam is being con-
densed by the sprays; in contrast, the calculated temperatures are generally higher than
measured in the test vessel dome. A smaller pressure drop is predicted in the MELCOR
calculation during the recirculating spray injection between 79380 s and 82890 s than
was observed from the experimental data.

Figures 5.4.5 and 5.4.6 present the concentrations of cesium and uranium aerosols,
respectively, in various regions in the test vessel atmosphere, compared with test data;
Figure 5.4.7 presents the concentrations of iodine vapor in the test vessel atmosphere,
together with test data. The concentrations shown are the mass of airborne aerosol
or vapor in the control volume atmosphere divided by the volume. The concentrations
plotted are for the test vessel dome or main room, the middle room and the lower room
or sump; the calculation shows virtually equal concentrations in the dome, the upper
dome above the spray injection elevation and the lower drywell, because the recirculation
flow modelled keeps these volumes well mixed.

The calculated concentrations of airborne cesium and uranium aerosols predicted
for test A-7, and for the airborne iodine vapor as well, are very similar qualitatively
to the results obtained for test A-6, presented in Section 5.1. Table 5.4.1 summarizes
the washout rates predicted for cesium and uranium aerosol and iodine vapor in the test
vessel dome for the different spray chemistry used in A-6 and A-7. Although the absolute
aerosol and vapor removal rates do not agree quantitatively with the test data, MELCOR
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correctly predicts little or no change in the aerosol removal rate but a more rapid vapor
removal with the caustic spray used in test A-6 than for the simple demineralized water
spray used in test A-7. (Note that for this test A-7 MELCOR simulation the iodine
partition coefficient was reduced from the value of 5000 used in the test A-6 calculation
to 2500 for both the fresh and recirculation sprays, causing the slower iodine removal;
these are the best-estimate values recommended in the MELCOR users guide [29] for
sodium hydroxide sprays and for boric acid sprays, respectively.)

5.5 Effect of Continuous Spray (A-10 and A-12)

Two experiments were done in the CSE test series in which the sprays were started
shortly before the start of fission product simulant release and continued without inter-
ruption until all the fresh solution had been sprayed into the containment vessel [19].
After a 10 min period to arrange valves, recirculation from the sump was started and
continued for about 20 hr.

Table 2.7 lists the conditions for these two experiments. The conditions in the two
continuous spray experiments were generally similar. The test vessel was initialized with
a saturated steam-air mixture at a pressure of about 3 bars and a temperature of 390-
400 K, and the spray flow rates were quite similar to the intermittent spray flow rates
in test A-6, with the same spray nozzles and spray droplet size distribution. The major
difference in these two continuous spray tests was that the sprays in CSE A-12 included
sodium thiosulfate in addition to the borax solution. The timing of the sprays was also
somewhat different. The fresh spray in test A-12 was begun earlier than in test A-10, and
the recirculating spray in test A-12 was continued somewhat longer than in test A-10.
Therefore the total amount of water injected during test A-12 was somewhat greater
than in test A-10.

Figures 5.5.1 and 5.5.2 show the spray flow rates and spray temperatures for both
the fresh spray and the recirculating spray used in test A-10. Note that the spray flow
rates used in the calculation represent 70% of the flow rates given in Table 2.3 and are
the flows assumed to interact fully with the atmosphere; also note that the recirculating
spray temperature shown is simply the temperature of the water in the lower room sump.

The effects of the sprays on containment atmosphere response are presented in Fig-
ures 5.5.3 and 5.5.4, which compare calculated MELCOR results with test data for the
test vessel pressures and temperatures, respectively, for test A-10. The MELCOR result
for the continuous spray test, test A-10, is generally consistent with the behavior pre-
dicted for the intermittent spray tests, such as test A-6 (cf. Section 5.1). In general, the
overall pressure is underpredicted owing to the pressure drop during fresh spray injection
being overpredicted because too much steam is being condensed by the sprays. There
is a smaller pressure recovery predicted in the MELCOR calculation during the recircu-
lating spray injection period than observed in the experimental data. The temperature
comparison reflects the pressure comparison, because the temperatures correspond to the
saturation temperature of water at the partial pressure of water vapor in the atmosphere.
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Table 5.4.1. Cesium Aerosol Washout Rates for CSE Tests — Effect of Spray
Chemistry (A-6 vs A-T)

tl /2 (mln)
A-6 A-7
Measured Calculated Measured Calculated

Cesium

First spray 5.6 8.7 3.8 8.7

Second spray 13. 11.7 10.3 7.7

Third spray ¢ 8.7 b 9.9

Fourth spray 19 11.6
Uranium

First spray 7.8 6.9 3.0 7.7

Second spray 12.5 11.7 9 7.7

Third spray ¢ 7.7 ¢ 9.9

Fourth spray ¢ 11.6
Iodine

First spray 2.1 2.8 2.2 3.2

Second spray 35. 2.5 22 3.5

Third spray 00 8.7 b 3.9

Fourth spray 27 3.9

¢ indeterminant

b concentration increased
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Figures 5.5.5 and 5.5.6 present the concentrations of cesium and uranium aerosols,
respectively, in various regions in the test vessel atmosphere, compared with test data;
Figure 5.5.7 presents the concentrations of iodine vapor in the test vessel atmosphere,
together with test data. The concentrations shown are the mass of airborne aerosol
or vapor in the control volume atmosphere divided by the volume. The concentrations
plotted are for the test vessel dome or main room, the middle room and the lower room
or sump; the calculation shows virtually equal concentrations in the dome, the upper
dome above the spray injection elevation and the lower drywell, because the recirculation
flow modelled keeps these volumes well mixed.

The calculated concentrations of airborne cesium and uranium aerosols predicted for
test A-10, and for the airborne iodine vapor as well, are very similar qualitatively to the
results obtained for test A-6, presented in Section 5.1. The initial removal rates calculated
appear to agree reasonably well with experiment, but the removal rates calculated at later
times are much greater than those observed in the experiment.

Figures 5.5.8 and 5.5.9 show the spray flow rates and spray temperatures for both
the fresh spray and the recirculating spray used in test A-12. Note that the flow rates
used in the calculation represent 70% of the spray flow rates given in Table 2.3 and are
the flows assumed to interact fully with the atmosphere; also note that the recirculating
spray temperature shown is simply the temperature of the water in the lower room sump.

The effects of the sprays on containment atmosphere response are presented in Fig-
ures 5.5.10 and 5.5.11, which compare calculated MELCOR results with test data for the
test vessel pressures and temperatures, respectively, for test A-12. The MELCOR result
for the continuous spray test test A-12 is quite similar to the behavior calculated for test
A-10 and is generally consistent with the behavior predicted for the intermittent spray
tests, such as test A-6 (cf. Section 5.1). The pressure drop during fresh spray injection is
overpredicted, leading to underprediction of the late-time system pressure, because too
much steam is being condensed by the sprays; also, there is a smaller pressure recov-
ery predicted in the MELCOR calculation during the recirculating spray injection than
observed in the experimental data. The temperature comparison reflects the pressure
comparison because the temperatures correspond to the saturation temperature of water
at the partial pressure of water vapor in the atmosphere.

Figures 5.5.12 and 5.5.13 present the concentrations of cesium and uranium aerosols,
respectively, in various regions in the test vessel atmosphere, compared with test data;
Figure 5.5.14 presents the concentrations of iodine vapor in the test vessel atmosphere,
together with test data. The concentrations shown are the mass of airborne aerosol
or vapor in the control volume atmosphere divided by the volume. The concentrations
plotted are for the test vessel dome or main room, the middle room and the lower room
or sump; the calculation shows virtually equal concentrations in the dome, the upper
dome above the spray injection elevation and the lower drywell, because the recirculation
flow modelled keeps these volumes well mixed.

The calculated concentrations of airborne cesium and uranium aerosols predicted
for test A-12, and for the airborne iodine vapor as well, are very similar to the results
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Figure 5.5.8. Spray Flow Rate for CSE Test A-12 — Reference Calculation
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Figure 5.5.9. Spray Temperature for CSE Test A-12 — Reference Calculation
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obtained for test A-10. The initial removal rates calculated appear to agree reasonably
well with the experiment data, but the removal rates calculated at later times are much
greater than those observed in the experiment.
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6 Spray Modelling Sensitivity Studies

There are options and uncertainties both in some MELCOR input values and in the
modelling approach taken to represent test conditions. As described in this and the next
two sections, a set of sensitivity studies has been done varying some parameters to deter-
mine how the results could be affected by such modelling variations and uncertainties.

The MELCOR Containment Spray (SPR) package models the heat and mass transfer
between spray water droplets and the containment building atmosphere; the SPR package
is coupled to the RN package for the calculation of aerosol washout and atmosphere
decontamination by the sprays.

The modelling in the SPR package is taken virtually intact from the HECTR 1.5 code
[24]. For each spray source, the user specifies an initial droplet temperature and flow
rate; a droplet size distribution also is input. The model assumes that the spray droplets
are spherical and isothermal, and that they fall through containment at their terminal
velocity with no horizontal velocity component. Spray droplet heatup and cooldown in
a steam environment are modelled using a correlation for forced convection heat transfer
coefficients; similarly, evaporation and condensation are modelled using a mass transfer
coeflicient correlation.

This section describes modelling variations affecting the spray package, while the
following sections present results varying parameters and options affecting the aerosol
and vapor modelling, respectively, in the RN package. Sensitivity studies were done on
the fraction of the spray flow rate interacting with the containment atmosphere, on the
spray droplet size distribution, on the droplet terminal velocity, and on the mass transfer
correlation used to calculate evaporation and condensation. The first two studies involve
parameters which can be varied through normal input; the latter two studies involve
parameters which can be varied only through sensitivity coeflicients.

(The first attempt at those latter two studies identified a coding error in that the
spray package sensitivity coefficients listed in the documentation could be input, but
then had no effect on the calculation because there was no coding to save and implement

the sensitivity coefficients in the SPR package. This was corrected in version 1.80M as
part of DIR 1216.)

6.1 Spray Fraction Interacting with Atmosphere

MELCOR assumes that the spray droplets are well mixed and interact completely
with the surrounding atmosphere. In reality, some of the spray hits the vessel walls
(measured to be from 1% to 11% in the various CSE tests [19]). Also, only a fraction of
the gas volume in the dome was washed by the sprays; based upon the known spray height
and envelope diameter for the nozzle arrangements used, that fraction was estimated to be
50% in test A-3 and 80% in the other tests [19]. In our reference calculations, we assumed
70% of the spray flow would interact fully with the adjacent volume atmosphere, with
the remainder specified to go directly to the liquid pool. The selection of this fraction
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was based partly upon the experimental data and partly upon physical considerations,
and was also based on the results of a sensitivity study done for test A-9 that varied the
spray fraction assumed to interact with the dome atmosphere from 100% down to 50%.

Figures 6.1.1 and 6.1.2 show the pressures and temperatures predicted in the test
vessel dome for test A-9 when the spray fraction assumed to interact with the dome
atmosphere was varied from 100% down to 50% (with the reference calculation described
in Section 4 corresponding to a fraction of 0.70 in the plots in this section). As would
be expected, Figure 6.1.1 demonstrates that, as more spray interacts directly with the
surrounding atmosphere, more steam is condensed, with correspondingly lower pressures.
Figure 6.1.2 indicates that as more of the relatively cold spray interacts directly with the
surrounding atmosphere, the more the atmosphere is cooled (although the differences are
quite small). Interestingly, these effects are seen only for the fresh sprays with cold water
injected from an external source; once the system switches to recirculating sump water
through the spray, the same late-time pressures and temperatures are predicted in all
these cases.

Figures 6.1.3 and 6.1.4 present the airborne cesium aerosol and iodine vapor concen-
trations predicted in the test vessel dome for test A-9 with the spray fraction assumed
to interact with the dome atmosphere varied from 100% down to 50%. (The uranium
aerosol response is very similar to the cesium aerosol response, and is not shown sepa-
rately.) Again, as would be expected, as more of the spray interacts directly with the
surrounding atmosphere, more aerosols are washed out and more iodine vapor is removed.

Table 6.1.1 summarizes the washout rates predicted for cesium and uranium aerosol
and iodine vapor in the test vessel dome for test A-9 when the spray fraction assumed to
interact with the dome atmosphere was varied from 100% down to 50%. These tabular
values echo the trend seen in Figures 6.1.3 and 6.1.4.

6.2 Spray Droplet Size

In the reference calculations, both the fresh and the recirculating sprays were specified
to have a five-size droplet distribution (the finest resolution allowed in MELCOR), with
equal numbers of droplets in each-bin and with the droplet AMMD and GSD taken from
the test data as given in Tables 2.2 and 2.7. To determine the importance of knowing
the droplet size distribution, a sensitivity study was done that varied the droplet size
distributions assumed. Calculations were done for test A-9 multiplying the given AMMD
of 1220 pm by factors of 0.5 and 2 (keeping the same GSD of about 1.5); calculations
were also done using a single drop size set to the various droplet distribution AMMDs
used in the drop size distributions (i.e., 610 gm, 1220 pm and 2440 pm).

Figures 6.2.1 and 6.2.2 show the pressures and temperatures predicted in the test
vessel dome for test A-9 when the spray droplet size and size distribution was varied
(with the reference calculation described in Section 4 corresponding to a droplet AMMD
of 1220 um in the plots in this section). These figures demonstrate that there is no
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Figure 6.1.1. Vessel Pressure for CSE Test A-9 — Spray Fraction Interacting with
Atmosphere Sensitivity Study
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Figure 6.1.3. Cesium Aerosol Airborne Concentrations for CSE Test A-9 — Spray
Fraction Interacting with Atmosphere Sensitivity Study
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Figure 6.1.4. Iodine Vapor Airborne Concentrations for CSE Test A-9 — Spray
Fraction Interacting with Atmosphere Sensitivity Study
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Table 6.1.1. Washout Rates for CSE Test A-9 — Spray Fraction Interacting with

Atmosphere Sensitivity Study

t1/2 (mln)
Measured MELCOR
Fraction Interacting
1.0 09 08 0.7 06 05

Cesium

First spray 1.08 43 45 46 50 53 58

Second spray 2.0 39 42 44 46 50 5.7

Third spray 5.4 3.5 3.7 41 43 49 5.7

Fourth spray 33 23> 21 29%  35° 37° 40P
Uranium

First spray 2.3 3.5 3.7 39 46 43 4.7

Second spray 3.7 39 42 43 46 44

Third spray 3.2 35 38 43 48 35

Fourth spray 23% 26> 29% 35 37° 39°
Iodine

First spray 0.58 0.80 0.87 095 1.1 12 14

Second spray 42 0.84 090 12 14 1.5 1.6

Third spray 34 0.74 080 088 1.0 1.1 1.3

Fourth spray 180 099 10 13 14 15 1.7
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visible effect on steam condensation varying the droplet size by small factors; a much
larger change would be needed to have any effect.

The airborne cesium aerosol and iodine vapor concentrations predicted in the test
vessel dome for test A-9 varying the spray droplet size and size distribution are given
in Figures 6.2.3 and 6.2.4, respectively. (The uranium aerosol response is very similar
to the cesium aerosol response, and is not shown separately.) Larger droplets are less
efficient at removing both aerosols and iodine vapor, while smaller droplets remove both
aerosols and vapors more efficiently than in the reference case. Droplets all a single size
are less effective than a corresponding droplet size distribution that includes both smaller
and larger drops, because the increased removal of the smaller drops in the distribution
outweighs the decreased removal of the larger drops in the distribution.

Table 6.2.1 summarizes the washout rates predicted for cesium and uranium aerosol
and iodine vapor in the test vessel dome for test A-9 varying the spray droplet size
distribution assumed. These tabular values echo the trend seen in Figures 6.2.3 and 6.2.4.

6.3 Spray Droplet Drag Coefficient and Terminal Velocity

Sensitivity coefficients are available in MELCOR to modify the correlation used for
the drag coefficient Cj as a function of Reynolds number. Three different correlations
are used for Cy for low, medium and high Reynolds number, and the terminal droplet
velocity is then proportional to C;/ 2, Each of these three drag coefficient correlations
has a leading constant multiplier, followed in some cases by a power dependence on the
Reynolds number. As a sensitivity study, these leading constants in the Cy correlations
were multiplied by 10%, 102, 1072 and 10~*, which effectively multiplied the terminal
droplet velocity by 0.01, 0.1, 10 and 100. The three leading constants for the three
correlations used for Cy for low, medium and high Reynolds number were multiplied by
the same factor to ensure the same change in terminal fall velocity regardless of Reynolds
number regime.

Figures 6.3.1 and 6.3.2 show the pressures and temperatures predicted in the test
vessel dome for test A-9 varying the spray droplet size and size distribution (with the
reference calculation described in Section 4 using the code default values). There are
virtually no differences in results calculated when the drag coefficient was varied up or
down by a factor of 100 (varying the terminal velocity by a factor of 10 either way), but
some differences become visible when the drag coefficient was varied more, by a factor
of 10* (varying the terminal velocity by a factor of 100 either way). Decreasing the drag
coefficient and thereby increasing the droplet terminal fall velocity would be expected
to decrease condensation by decreasing the time available for the droplet to interact
with the atmosphere. It is not immediately obvious why increasing the drag coefficient
and thereby decreasing the droplet terminal fall velocity should have the same effect of
decreasing condensation; possibly there is an increase in boundary layer thickness and
an associated increased resistance to heat and mass transfer at lower velocities.

The airborne cesium aerosol and iodine vapor concentrations, respectively, predicted
in the test vessel dome for test A-9 when the spray droplet drag coefficient and associated
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Figure 6.2.3. Cesium Aerosol Airborne Concentrations for CSE Test A-9 — Spray
Droplet Size Distribution Sensitivity Study
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Figure 6.2.4. lodine Vapor Airborne Concentrations for CSE Test A-9 - Spray
Droplet Size Distribution Sensitivity Study
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Table 6.2.1. Washout Rates for CSE Test A-9 — Spray Droplet Size Distribution
Sensitivity Study

t1/2 (min)
Measured MELCOR
Spray Droplet AMMD= Spray Droplet D=
610 pm 1220 pm®* 2440 pm 610 pm 1220 pm 2440 pm

Cesium

First spray 1.08 2.3 5.0 8.3 2.9 6.7 9.8

Second spray 2.0 2.1 4.6 7.6 2.4 7.1 8.4

Third spray - 5.4 2.7 4.3 15.4 2.8 8.3 17.8

Fourth spray 33 14° 35° 46° 17 29° 69°
Uranium

First spray 2.3 1.9 4.6 6.9 24 5.5 8.0

Second spray 1.9 4.3 7.0 2.3 6.7 7.6

Third spray 2.6 4.3 14.7 2.6 8.0 16.5

Fourth spray 13° 35b 43 17 27% 69°
Iodine

First spray 0.58 0.56 1.1 3.0 0.63 1.4 4.5

Second spray 42 0.97 1.4 3.6 0.96 1.8 5.3

Third spray 34 0.59 1.0 2.5 0.64 1.3 3.6

Fourth spray 180 1.2 1.4 3.0 1.2 1.6 4.3

¢ Reference calculation value
® Value at end of recirculating spray
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Figure 6.3.1. Vessel Pressure for CSE Test A-9 — Spray Droplet Drag Coefficient and
Terminal Velocity Sensitivity Study
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Figure 6.3.2. Vessel Dome Temperatures for CSE Test A-9 — Spray Droplet Drag
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terminal velocity were varied are given in Figures 6.3.3 and 6.3.4. (The uranium aerosol
response is very similar to the cesium aerosol response, and is not shown separately.)
The diffusive removal rate of vapors such as iodine is simply proportional to the droplet
residence time, and hence proportional to the drag coeflicient and inversely proportional
to the fall velocity. Aerosol removal is assumed to be due primarily to inertial impaction
and interception, although diffusiophoresis and diffusion effects are also included in MEL-
COR. As the drag coefficient is decreased and the droplet terminal velocity increased,
aerosols have less opportunity to evade the falling drops and the collection efficiency and
removal rate increases; as the drag coefficient is increased and the droplet terminal veloc-
ity decreased, the aerosols can flow around the droplets without capture by interception
or impaction, leaving only diffusive removal.

Table 6.3.1 summarizes the washout rates predicted for cesium and uranium aerosol
and iodine vapor in the test vessel dome for test A-9 when the spray droplet drag coef-
ficient, and hence droplet terminal velocity, were varied. These tabular values echo the
trends seen in Figures 6.3.3 and 6.3.4.

6.4 Spray Droplet Mass Transfer

Sensitivity coefficients are available in MELCOR to modify the correlation used for
the mass transfer coefficient in the spray package. One of these sensitivity coefficients is
the leading multiplier in the correlation, set to -2.0 by default. As a sensitivity study,

this leading constant in the mass transfer correlation was multiplied by 100, 10, 0.1 and
0.01.

Figures 6.4.1 and 6.4.2 show the pressures and temperatures predicted in the test
vessel dome for test A-9 when the spray droplet mass transfer coefficient was varied
(with the reference calculation described in Section 4 using the code default values).
There are virtually no differences in results calculated varying the droplet mass transfer
coefficient up or down by a factor of 10, but some differences become visible when the
droplet mass transfer coefficient is varied more, by a factor of 100. Decreasing the droplet
mass transfer coefficient obviously would be expected to decrease condensation. It is not
obvious why increasing the droplet mass transfer coefficient should have the same effect
of decreasing condensation (albeit to a slight degree).

The airborne cesium aerosol and iodine vapor concentrations predicted in the test
vessel dome for test A-9 varying the spray droplet mass transfer coeflicient are given in
Figures 6.4.3 and 6.4.4, respectively. (The uranium aerosol response is very similar to
the cesium aerosol response, and is not shown separately.) Vapor removal is very similar
in all cases with mass transfer coefficients sufficiently high to bring the spray droplets
into equilibrium with the surrounding atmosphere during droplet fall, but is somewhat
reduced when the mass transfer coefficient is too low to bring the spray droplets into
equilibrium with the surrounding atmosphere during droplet fall.

Table 6.4.1 summarizes the washout rates predicted for cesium and uranium aerosol
and iodine vapor in the test vessel dome for test A-9 varying the spray droplet evapora-
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Figure 6.3.3. Cesium Aerosol Airborne Concentrations for CSE Test A-9 — Spray
Droplet Drag Coeflicient and Terminal Velocity Sensitivity Study
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Figure 6.3.4. Iodine Vapor Airborne Concentrations for CSE Test A-9 — Spray
Droplet Drag Coefficient and Terminal Velocity Sensitivity Study
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Table 6.8.1. Washout Rates for CSE Test A-9 — Spray Droplet Drag Coeflicient and
Terminal Velocity Sensitivity Study

t1/2 (min)
Measured MELCOR
Spray Droplet
104Cy 102Cy default® 1072Cy 1074Cy
(10" Vierm) (107" Vierm) (10'Vierm)  (10°Vierm)

Cesium

First spray 1.08 18.5 27.7 5.0 0.88 0.43

Second spray 2.0 20.6 20.6 4.6 0.88 0.43

Third spray 5.4 7.7 17.3 4.3 0.87 0.53

Fourth spray 33 19° 41° 350 27% 1.4°
Uranium

First spray 2.3 19.8 24.8 4.6 0.68 0.41

Second spray 20.7 19.5 4.3 0.83 0.43

Third spray 7.5 16.6 4.3 0.77 0.53

Fourth spray 19° 41% 35° 28¢ 1.4°
Iodine

First spray 0.58 0.45 0.51 1.1 2.8 8.1

Second spray 42 0.82 1.1 1.4 3.3 8.1

Third spray 34 0.50 0.54 1.0 2.4 6.7

Fourth spray 180 1.2 1.2 1.4 2.8 7.7

¢ Reference calculation value
® Value at end of recirculating spray
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Figure 6.4.3. Cesium Aerosol Airborne Concentrations for CSE Test A-9 - Spray
Droplet Mass Transfer Coefficient Sensitivity Study
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Figure 6.4.4. Iodine Vapor Airborne Concentrations for CSE Test A-9 — Spray
Droplet Mass Transfet Coefficient Sensitivity Study
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tion/condensation mass transfer coeflicient. These tabular values echo the trend seen in
Figures 6.4.3 and 6.4.4.
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Table 6.4.1. Washout Rates for CSE Test A-9 — Spray Droplet Mass Transfer

Coefficient Sensitivity Study

t1/2 (min)
Measured MELCOR

Spray Droplet MTC x

100 10 1* 0.1 0.01
Cesium
First spray 1.08 53 52 5.0 36 27
Second spray 2.0 43 49 46 31 1.7
Third spray 5.4 23 45 43 29 15
Fourth spray 33 10° 35° 35 20° 17
Uranium
~ First spray 2.3 43 43 46 3.1 22
Second spray 40 46 43 29 1.7
Third spray 23 43 43 28 15
Fourth spray 9®  35° 35° 20° 17t
Iodine

First spray 0.58 11 11 1.1 11 1.0
Second spray 42 1.2 13 14 13 11
Third spray 34 1.0 1.0 1.0 1.0 1.0
Fourth spray 180 14 14 14 14 15
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7 Aerosol Modelling Sensitivity Studies

There are options and uncertainties both in some MELCOR input values and in the
modelling approach taken to represent test conditions. The preceding section investi-
gated how modelling variations would affect the response predicted by the spray (SPR)
package. This section presents results varying parameter and options affecting the aerosol
modelling in the RN package, i.e., MAEROS parameter studies, while the next section
will discuss modelling variations affecting the vapor modelling in the RN package used
to calculate the iodine response.

7.1 Number of MAEROS Components

The aerosol transport and deposition portion of MELCOR is based on the MAEROS
program [25], a multicomponent aerosol dynamics code. Because a large amount of
computer time usually would be needed to set each MELCOR radionuclide class to
its own component, which would be expected to give the most accurate results, the
MELCOR default is specification of a single component for all radionuclide classes (with
multicomponent calculations remaining an available input option).

The reference analyses were run using three MAEROS aerosol components, one for
any water droplets in control volumes atmospheres (i.e., any fog, also known as Class 14)
and the other two for the cesium and uranium aerosols. (The iodine was predicted to
exist as a vapor, not an aerosol.) This approach was taken because sensitivity studies in
our earlier MELCOR assessment using the LACE LA4 aerosol test [3] indicated that at
least two components (one for fog) were needed to correctly account for condensation and
evaporation effects. As a sensitivity study, calculations were run for test A-9 using a single
aerosol component for all classes, which is the normal MELCOR default assumption,
and using two components, one for the water fog and the other for both the cesium
and uranium aerosols, for comparison with the reference calculation results presented in
Section 4.

The thermal /hydraulic responses calculated using either one or two aerosol compo-
nents were virtually identical to each other and to the results calculated using three
aerosol components, as would be expected.

Figure 7.1.1 presents the concentrations of iodine vapor in the test vessel dome at-
mosphere predicted using different numbers of MAEROS components, with the test data
also included for reference. The comparisons are very similar for the upper dome, the
lower drywell, the middle room and the lower room or sump. The iodine vapor responses
calculated using either one or two aerosol components are virtually identical to each other

and to the results calculated using three aerosol components, which is also as would be
expected.

Figure 7.1.2 presents the concentrations of cesium aerosol in the test vessel dome
atmosphere that were predicted using different numbers of MAEROS components, with
the test data included for reference; the comparisons are very similar for the upper dome,
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the lower drywell, the middle room and the lower room or sump. The results with two
and with three components are very similar. The cesium aerosol airborne density drops
slightly faster in the calculation with two components because in that case the cesium
particles are combined in a single component with the slightly larger uranium aerosol
particles and consequently settle out faster. The difference is greater when only a single
aerosol component is used, i.e., when fog is not modelled as a separate component,
especially after the fog is all gone after the second spray period.

Figure 7.1.3 presents the concentrations of uranium aerosol in the test vessel dome
atmosphere predicted using different numbers of MAEROS components, with the test
data included for reference. The comparisons are very similar for the upper dome, the
lower drywell, the middle room and the lower room or sump. The results with two and
with three components are very similar, and the reverse of the relative behavior predicted
for the cesium aerosol. The uranium aerosol airborne density drops slightly slower in the
calculation with two components because in that case the uranium particles are combined
in a single component with the slightly smaller cesium aerosol particles and consequently
settle out slower. The response when only a single aerosol component is used is very
similar to the results found for the cesium.

The corresponding aerosol and vapor washout constants are listed in Table 7.1.1;
again, the test data are included for reference.

Figure 7.1.4 gives the mass median diameters and geometric standard deviations of
the airborne cesium and uranium aerosol particle distributions in the dome atmosphere
calculated using different numbers of MAEROS components. Figure 7.1.5 presents the
same results for the fog (i.e., water aerosol) particles in the dome atmosphere.

With the cesium and uranium aerosols represented by separate components, as in the
reference calculation, the cesium particle AMMD is just slightly smaller and the uranium
particle AMMD just a little larger than the average AMMD when both aerosols are
represented by a single component; the GSDs are also very similar. Treating these two
aerosols in a single component makes little difference in this case because both species are
at the same density and are introduced into the system at the same time, at similar rates
and at similar sizes, and are removed at similar rates by the same mechanisms. Thus,
combining aerosol particles with very similar behavior in a single component results in
an average response that adequately represents the individual species behavior.

A much bigger difference is found in results if the water aerosol (fog) is treated as a
separate component or averaged in with the cesium and uranium aerosols because the
fog particles act very differently. They are pre-existing at the start of the transient at a
noticably larger size than the injected aerosols, they are affected much more by the start
and stop of sprays, and they disappear relatively early in the transient, except for some
intermittent fog generation associated with the intermittent spray operation. Combining
aerosol particles with such different behavior in a single component results in an average
response which does not represent any individual species well.

Relative to the reference calculation using 3 MAEROS components, using 2 compo-
nents (1 for the fog) required 4.5% less cpu time, while using only 1 component (the
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Table 7.1.1. Washout Rates for CSE Test A-9 - MAEROS Component Sensitivity

Study
tl /2 (mm)
Measured components
3 2 1
Cesium
First spray 1.08 5.0 4.5 0.83
Second spray 2.0 4.6 4.6 19.8
Third spray 5.4 4.3 44 5.3
Fourth spray 33 35% 35 45
Uranium
First spray 2.3 4.6 4.5 0.83
Second spray 4.3 4.6 19.8
Third spray 4.3 4.4 5.3
Fourth spray 350 35° 45°
Todine
First spray 0.58 1.1 11 1.1
Second spray 42 14 1.4 14
Third spray 34 1.0 1.0 1.0
Fourth spray 180 14 1.4 1.4

¢ Reference calculation value
® Value at end of recirculating spray
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default) took 7% less cpu time. Given the relatively small savings in run time, it is easy
to justify using more components to more accurately represent differences in behavior.

(The same conclusion, that water fog droplets should usually be modelled as a sepa-
rate MAEROS component in any problem in which humidity and humidity changes are
expected to be a factor, was reached during an earlier MELCOR 1.8.2 assessment using
the LACE LA4 experiment [3].)

7.2 Number of MAEROS Sections

The MAEROS program [25], and its implementation in MELCOR, evaluates the
dynamic size distribution of each component; this size distribution is described by the
mass in each size bin, or section. The default in MELCOR is to use 5 sections. The.
minimum and maximum diameters are default to 1 pm and 50 pm, respectively, and
the section boundaries are equally logarithmically spaced, with the restriction that the
masses in adjacent sections differ by at least a factor of two.

The reference calculations were run using 10 sections, with the minimum particle
diameter reduced to 0.1 pm and the maximum diameter kept at the default of 50 ym.
Sensitivity study calculations were done for test A-9 by increasing the number of sections
to 20 and reducing the number of sections to the default of 5, in both cases keeping the
minimum and maximum diameters the same as in the reference calculation.

(Note that there is an inherent limit in the number of sections that can be used in
MELCOR in any given problem, because of the constraint in MAEROS that the mass
of particles in adjacent sections must differ by at least a factor of 2. For these CSE
analyses, given the minimum aerosol particle diameter set to 0.1 ym and the maximum
set to 50 pm, the upper limit allowed would be 26 MAEROS sections.)

The thermal/hydraulic responses calculated using more or fewer sections were virtu-
ally identical to each other and to the reference calculation results, as would be expected.

Figure 7.2.1 presents the concentrations of iodine vapor in the test vessel dome at-
mosphere predicted using different numbers of MAEROS sections, with the test data
included for reference. The comparisons are very similar for the upper dome, the lower
drywell, the middle room and the lower room or sump. The iodine vapor responses cal-
culated using more or less aerosol sections are virtually identical, which is also as would
be expected.

Figures 7.2.2 and 7.2.3 present the concentrations of cesium and uranium aerosol,
respectively, in the test vessel dome atmosphere predicted using different numbers of
MAEROS sections, with the test data included for reference. The comparisons are very
similar for the upper dome, the lower drywell, the middle room and the lower room or
sump. The corresponding washout constants are listed in Table 7.2.1, with the test data
included for reference.

While the results are not completely consistent or convergent, in general there appears
to be less removal of aerosols by sprays as more MAEROQOS sections are used to resolve
the aerosol particle size distribution.
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Table 7.2.1. Washout Rates for CSE Test A-9 - MAEROS Sections Sensitivity Study

t1/2 (mm)
Measured sections
20 10° 5
Cesium
First spray 1.08 4.7 5.0 4.8
Second spray 2.0 4.4 4.6 3.7
Third spray 5.4 5.1 4.3 3.9
Fourth spray 33 23 35° 51°
Uranium
First spray 2.3 3.8 4.5 4.1
Second spray ' 3.8 4.6 3.5
Third spray 46 4.4 3.6
Fourth spray 23 35t 50°
lodine
First spray 0.58 1.1 1.1 1.1
Second spray 42 14 14 1.4
Third spray 34 1.0 1.0 1.0
Fourth spray 180 1.4 1.4 14

¢ Reference calculation value
b Value at end of recirculating spray
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Figure 7.2.4 gives the mass median diameters and geometric standard deviations of
the airborne cesium and uranium aerosol particle distributions in the dome atmosphere
calculated using different numbers of size bins to resolve the MAEROS aerosol size dis-
tribution. Figure 7.2.5 presents the same results for the fog (i.e., water aerosol) particles
in the dome atmosphere.

The cesium and uranium aerosol particles are predicted to have generally smaller AM-
MDs as more MAEROS sections are used to resolve the aerosol particle size distribution,
both early in the transient (before about 6000 s, the end of the last fresh spray) and
later in the transient (after about 12600 s, the start of the recirculating spray); however,
there is a period midway through the transient when the reference calculation using 10
MAEROS sections predicts larger aerosol particle sizes than calculated using either more
(20) or fewer (5) sections, which does not seem physically or numerically reasonable. The
comparisons of GSDs for the cesium and uranium aerosols seem even more contradictory.

In contrast to the behavior calculated for the other aerosols, the water aerosol particle
sizes (when present) increase as more MAEROS sections are used to resolve the aerosol
particle size distribution. Note that even for the water aerosol, the GSD calculated before
the first spray period by the reference calculation using 10 MAEROS sections is larger
than the corresponding values calculated using either more (20) or fewer (5) sections,
which again does not seem physically or numerically reasonable.

Relative to the reference calculation using 10 MAEROS sections, using 20 sections
required almost 50% more cpu time, while using only 5 sections (the default) took 24%
less cpu time. Given the savings in run time, using 10 sections rather than the default 5
is probably justifiable, but more sections make the calculation noticably more expensive.
However, the inconsistencies seen in some of the results of this sensitivity study suggest
that there may remain some code problems affecting the accuracy and convergence of
the results, which need identification and resolution in the future.

7.3 Aerosol Density

The default nominal aerosol density assumed in MELCOR is 1000 kg/m? (i.e., water
density). The reference calculations were run with the aerosol density set to 2500 kg/m?
(as discussed in Section 3). As a sensitivity study, calculations were done for test A-9
specifying nominal aerosol densities of 1000 (the default) and 5000 kg/m®. (Note that in
MAEROS a single density value is used for all aerosol components.)

The thermal/hydraulic responses calculated using different aerosol densities were vir-
tually identical, as would be expected.

Figure 7.3.1 presents the concentrations of iodine vapor in the test vessel dome at-
mosphere predicted using different aerosol densities, with the test data included for ref-
erence. The comparisons are very similar for the upper dome, the lower drywell, the
middle room and the lower room or sump. The iodine vapor responses calculated using
different aerosol densities are virtually identical, also as would be expected.
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Figure 7.2.4. Cesium (left) and Uranium (right) Aerosol Airborne Concentration
AMMDs (top) and GSDs (bottom) in Dome for CSE Test A-9 -
MAEROS Sections Sensitivity Study
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Figures 7.3.2 and 7.3.3 present the concentrations of cesium and uranium aerosols,
respectively, in the test vessel dome atmosphere predicted using different aerosol density
values, with the test data included for reference. The comparisons are very similar for
the upper dome, the lower drywell, the middle room and the lower room or sump. The
corresponding washout constants are listed in Table 7.3.1, again including the test data
for reference.

On physical grounds, we would expect higher airborne aerosol concentrations for lower
aerosol particle densities, and lower airborne aerosol concentrations for larger aerosol
particle densities. The calculated results generally are not consistent. Reducing the
aerosol density from 2500 kg/m? (as specified in the reference calculation) to 1000 kg/m?
(the default) does result in more aerosol suspension, as expected. However, increasing the
aerosol density from 2500 kg/m? to 5000 kg/m? also results in more aerosol suspension
during some periods.

Figure 7.3.4 gives the mass median diameters and geometric standard deviations of
the airborne cesium and uranium aerosol particle distributions in the dome atmosphere
calculated using different aerosol densities. Figure 7.3.5 presents the same results for the
fog (i.e., water aerosol) particles in the dome atmosphere.

On physical grounds, we would expect higher aerosol particle densities to correspond
to smaller particles, and lower aerosol particle densities to correspond to larger particles.
Again, the calculated results generally are not entirely consistent. In particular, some-
thing odd happens in the cesium and uranium particle distributions at the start of the
recirculating spray period beginning at 12600 s in the reference calculation. The aerosol
particles” AMMDs fall from between the corresponding results for higher and lower den-
sities to the same value as in the calculation with a greater aerosol density. (This does
not correspond to being swept into the smallest section; it corresponds instead to the
fourth section out of a total of 10.)

This odd behavior may be related to the inconsistencies seen in some of the results of
the sensitivity study on the number of MAEROS sections used and again suggests that
some code problems affecting the accuracy and convergence of the results remain and
need identification and resolution in the future.

7.4 Aerosol Particle Initial Size

There is not much information available in the test reports on the aerosol particle size
distribution; based upon data in {19], the cesium aerosol was sourced in as a log-normal
particle distribution with an average mass median diameter of 0.5 ym and a geometric
standard deviation of 1.5, while the uranium aerosol was sourced in as somewhat larger
particles using a log-normal distribution with an AMMD of 1.0 gum and GSD of 1.5.
Because the data on particle size distribution are considered to have a large uncertainty,
a sensitivity study was done varying the initial particle size distributions assumed, from
0.5 umtol gm, 2.5 pgm and 5 ym, up to 10 pm, a value more consistent with the particle
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Table 7.3.1. Washout Rates for CSE Test A-9 — Aerosol Density Sensitivity Study

t1/2 (mln)
Measured p (kg/m?®) =
1000 2500° 5000

Cesium

First spray 1.08 4.7 5.0 3.5

Second spray 2.0 3.9 4.6 3.6

Third spray 5.4 5.2 4.3 6.6

Fourth spray 33 20° 35° 29°
Uranium

First spray 2.3 4.4 4.5 2.3

Second spray 3.8 4.6 3.2

Third spray 5.1 4.4 6.4

Fourth spray 20° 35b 29%
Todine

First spray 0.58 1.1 1.1 1.1

Second spray 42 1.4 1.4 1.4

Third spray 34 1.0 1.0 1.0

Fourth spray 180 14 1.4 1.4

¢ Reference calculation value
5 Value at end of recirculating spray
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sizes measured during earlier tests in the CSE series on natural removal of suspended
cesium and uranium aerosol particles [22]. (The GSD was kept at 1.5 in all these cases.)

The thermal/hydraulic responses calculated when the aerosol particles were injected
at larger sizes were virtually identical, as would be expected.

Figure 7.4.1 presents the concentrations of iodine vapor in the test vessel dome at-
mosphere predicted assuming different aerosol particle initial sizes; the test data are also
included for reference. The comparisons are very similar for the upper dome, the lower
drywell, the middle room and the lower room or sump. The iodine vapor responses cal-
culated when different initial sizes for the aerosol particles were assumed are virtually
identical, also as would be expected.

Figures 7.4.2 and 7.4.3 present the predicted concentrations of cesium and uranium
aerosol, respectively, in the test vessel dome atmosphere for different aerosol initial parti-
cle sizes, with the test data included for reference. The comparisons are very similar for
the upper dome, the lower drywell, the middle room and the lower room or sump. The
corresponding washout constants are listed in Table 7.4.1, with the test data included
for reference.

Larger aerosol particles should be removed from the containment atmosphere more
quickly both by the sprays and by settling out between spray periods. The aerosol removal
test data are matched reasonably well by particles with an initial AMMD in the 2.5-5.0um
range. Also, assuming that larger particles are initially present in the simulation better
reproduces the experimental observation of progressively slower aerosol washout during
the later spray periods.

Figure 7.4.4 gives the mass median diameters and geometric standard deviations of
the airborne cesium and uranium aerosol particle distributions in the dome atmosphere
calculated using different initial acrosol particle sizes. Figure 7.4.5 presents the same
results for the fog (i.e., water aerosol} particles in the dome atmosphere.

As expected, varying the initial size of the cesium and uranium particles has no effect
on the water aerosol sizes, since the fog is represented by a separate MAEROS component
and since condensation/evaporation is specified to take place only on water aerosols and
not on all aerosols present. Cesium and uranium aerosol particles assumed to be injected
with larger AMMDs are predicted to keep generally larger AMMDs during the first
portion of the transient, but the differences decrease until by the end of the third and
last fresh spray injection the cesium and uranium aerosol particle distribution AMMDs
are very similar (>1.5 pm) regardless of what their initial AMMDs were. The GSDs
for the cesium and uranium aerosols during this time remain greater in the cases with
smaller aerosol particles injected than in the cases with larger aerosol particles injected.

7.5 Condensation/Evaporation on Aerosols

The results of the sensitivity study on aerosol particle initial size presented in the
last section showed that the test data on aerosol removal are matched much better by
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Table 7.4.1. Washout Rates for CSE Test A-9 — Aerosol Particle Initial Size
Sensitivity Study

t1/2 (min)
Measured AMMD, (pm) =
0.5* 1.0 25 5.0 10.0

Cesium
First spray 1.08 5.0 41 1.5 0.63 0.46
Second spray 2.0 46 45 35 22 0.99
Third spray 5.4 43 43 36 35 23
Fourth spray 33 350 35° 35> 26° 11°
Uranium
First spray 2.3 46 41 15 063 044
Second spray 43 45 35 21 0.98
Third spray 43 43 36 35 1.8
Fourth spray 350 35° 35° 26° 11°
Iodine
First spray 0.58 1.1 11 11 11 14
Second spray 42 14 14 14 14 14
Third spray 34 1.0 1.0 10 1.0 10

Fourth spray 180 14 14 14 14 14

¢ Reference calculation value
® Value at end of recirculating spray
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particles with an initial AMMD in the 2.5-5.0 pm range than by injecting the aerosol
particles with an initial AMMD in the 0.5-1.0 gm range as specified in the experiment
report [21].

In reality, the aerosol particles are probably larger at the start of the spray injection
transient, not because large cesium and uranium particles were injected but because the
hygroscopic cesium aerosols at least would be expected to very quickly grow to about
5.0 um by condensation of water onto the small particles initially injected; the effect is
probably smaller for the uranium particles but still occurs to some extent. [26]

MELCOR models condensation/evaporation effects on aerosol particle size, but does
not include any model for such hygroscopic effects. The lack of such a model has been
noted in previous MELCOR assessments of aerosol behavior in humid atmospheres [3, 27].

However, in our reference calculation, condensation/evaporation is specified to take
place only on water aerosols and not on all aerosols present (as in the code default), to
avoid other modelling problems.

Several calculations were done as a sensitivity study on the effects of condensation
and evaporation on aerosol response. One calculation simply repeated the reference cal-
culation done for test CSE A-9 using the default condensation/evaporation treatment in
MELCOR. Two other calculations were done with condensation/evaporation specified to
take place either only on water aerosols or on all aerosols present, but with no calculation
of a preconditioning phase to allow growth of pre-existing fog particles.

Figures 7.5.1 and 7.5.2 show the pressures and temperatures predicted in the test
vessel dome for test A-9 when the condensation/evaporation modelling and the initial
water aerosol particle size were varied. (In the following figures, the reference calculation
described in Section 4 with condensation on water aerosols only and with larger fog
particles at the start of the transient due to a preconditioning phase in the calculation is
labelled “cond on fog, init fog”.)

The thermal /hydraulic responses calculated assuming different treatments of conden-
sation/evaporation in the aerosol response modelling were virtually identical, as would
be expected. There are some small differences visible in the thermal/hydraulic response
calculated depending on whether a preconditioning phase was modelled or not, caused
by slightly different vessel atmosphere conditions at the start of the transient, which is
reasonable.

Figure 7.5.3 presents the concentrations of iodine vapor in the test vessel dome at-
mosphere predicted assuming different condensation/evaporation modelling and different
initial fog particle sizes; the test data are included for reference. The comparisons are
very similar for the upper dome, the lower drywell, the middle room and the lower
room or sump. The iodine vapor responses calculated assuming different condensa-
tion/evaporation modelling and different initial fog particle sizes are virtually identical,
as would be expected.

Figures 7.5.4 and 7.5.5 present the concentrations of cesium and uranium aerosols,
respectively, in the test vessel dome atmosphere predicted assuming different conden-
sation/evaporation modelling and different initial fog particle sizes; the test data are
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included for reference. The comparisons are very similar for the upper dome, the lower
drywell, the middle room and the lower room or sump. The corresponding washout
constants are listed in Table 7.5.1; again the test data are included for reference.

The reference calculation, with condensation/evaporation specified to take place only
on water aerosols and with a preconditioning phase to allow growth of pre-existing fog
particles, predicts the most aerosol removal by sprays overall. The calculation allowing
condensation/evaporation to take place on any aerosols present does predict more aerosol
removal during the first spray, which is in better agreement with test data. This would
be expected because the cesium and uranium aerosol particles could grow somewhat
before the start of the first spray owing to condensation in this case although, without
hygroscopicity taken into account, the growth is not great enough to match the test data.
However, allowing MELCOR to treat condensation onto the cesium and uranium aerosols
results in greater discrepancies later in the transient, when the water aerosols evaporate.

Figure 7.5.6 gives the mass median diameters and geometric standard deviations of
the airborne cesium and uranium aerosol particle distributions in the dome atmosphere
calculated using different condensation/evaporation modelling and different initial fog
particle sizes. Figure 7.5.7 presents the same results for the fog (i.e., water aerosol)
particles in the dome atmosphere.

In the two calculations with condensation onto all aerosols present, the mass median
diameters of the cesium and uranium aerosols drop precipitously when the water aerosols
evaporate. When condensation occurs on all aerosols, MELCOR assumes that all the
aerosol particles are identical. In this case, there is a relatively large amount of water
and a relatively large number of water aerosol particles in the humid atmosphere early in
the transient, relative to the cesium and uranium. Therefore, all aerosol particles would
be assumed to have a thick water film over a small cesium/uranium core, rather than a
smaller number of cesium and uranium particles having a thin water film and most of the
aerosol particles being pure fog droplets. Thus, after the water film evaporates, a large
number of small cesium and uranium aerosol particles have been artificially created from
a smaller number of larger cesium and uranium particles. This is a known problem that
has been identified in other MELCOR analyses (e.g., [28]).
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Table 7.5.1. Washout Rates for CSE Test A-9 — Aerosol Condensation/Evaporation
Sensitivity Study

tl /2 (I].’lll’l)
Measured cond on fog* cond on all cond on fog cond on all
init fog® init fog no init no init

Cesium

First spray 1.08 5.0 3.6 11.7 6.3

Second spray 2.0 4.6 4.5 5.5 1.4

Third spray 5.4 4.3 3.2 4.8 3.6

Fourth spray 33 35° 69° 35° 63°
Uranium

First spray 2.3 4.6 3.0 7.6 4.6

Second spray 4.3 4.4 5.0 14

Third spray 4.3 3.2 4.5 3.6

Fourth spray 35° 69° 35 66°
Iodine

First spray 0.58 1.1 1.1 1.1 1.1

Second spray 42 1.4 1.3 1.4 1.3

Third spray 34 1.0 1.0 1.0 1.0

Fourth spray 180 1.4 1.4 1.4 1.4

¢ Reference calculation value
b Value at end of recirculating spray
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8 Vapor Modelling Sensitivity Studies

There are options and uncertainties both in some MELCOR input values and in the
modelling approach taken to represent test conditions. The preceding section investigated
how modelling variations would affect the aerosol response predicted by the RN package.
This section presents sensitivity studies on parameters affecting the vapor modelling in
the RN package used to calculate the iodine response.

8.1 Partition Coefficient

MELCOR currently does not model iodine chemistry. However, a user-input param-
eter is available to define different iodine partition coefficients for different spray types,
to help account for chemical interaction effects. The partition coefficient is defined as
the ratio of the concentration of iodine in the liquid droplets to the concentration of
iodine in the gas under equilibrium conditions. It is normally much greater than 1.0 (the
default value in MELCOR), and recommended best-estimate values are 5000 for sodium
hydroxide and hydrazine sprays, 100,000 for sodium thiosulfate and 2500 for boric acid
sprays.

This parameter was set to 5000 in our reference MELCOR model, for both the fresh
and the recirculating sprays. To evaluate the sensitivity of the iodine response to this
parameter, a study was done in which the iodine partition coefficient used was varied.

Calculations were done with the iodine partition coefficient set to 1 (the default), 2500,
10000 and 100000.

The thermal /hydraulic responses calculated using various values for the iodine parti-
tion parameter were virtually identical to each other, as would be expected. The cesium
and uranium aerosol responses calculated using various values for the iodine partition
parameter also were virtually identical to each other, as would be expected.

Figure 8.1.1 presents the concentrations of iodine vapor in the test vessel dome atmo-
sphere predicted using different values of the iodine partition parameter, with the test
data included for reference. The comparisons are very similar for the upper dome, the
lower drywell, the middle room and the lower room or sump.

With the partition coefficient set to 1 (the code default), there is little or no iodine va-
por removal predicted, indicating that almost all of the removal is by chemical interaction
effects rather than by simple condensation. The calculated iodine vapor removal increases
as the user-input iodine partition coeflicient is increased, but the removal appears to be
approaching a limit as the iodine partition coefficient is made very large.

The corresponding aerosol and vapor washout constants are listed in Table 8.1.1;
again the test data are included for reference.

164




10
107°
-6
> 10 :
£ Bt bbb PR T Bm e
> L -7
x 10
% 107"
(72
5 ¢— —&— — 9
o -9
@ 10 Yoy RIS
S
£ 10"
<C
= -11
g 10 DF=2500
o -12 DF=5000
S 10
DF=10000
1 0—13 DF=100000
Data (Dome)
107"
0 4
@ Time (10°s)
CSE A-9

HLEKDUMPN 8/12/94  10:42:45 MELCOR SUN

Figure 8.1.1. Iodine Vapor Airborne Concentrations for CSE Test A-9 — Iodine
Partition Coeflicient Sensitivity Study

165




Table 8.1.1. Washout Rates for CSE Test A-9 — lodine Partition Coefficient
Sensitivity Study

Measured DF,,=
1 (def) 2500 5000 10000 100000

Cesium

First spray 1.08 5.0 5.0 5.0 5.0 3.0

Second spray 2.0 4.6 4.6 4.6 4.6 4.6

Third spray 5.4 4.3 4.3 4.3 4.3 4.3

Fourth spray 33 35° 350 35 35° 35°
Uranium

First spray 2.3 4.6 4.6 4.6 4.6 4.6

Second spray 4.3 4.3 4.3 4.3 4.3

Third spray 4.3 4.3 4.3 4.3 4.3

Fourth spray 35° 35° 35° 35° 35°
Iodine

First spray 0.58 - 1.2 1.1 1.0 0.92

Second spray 42 - 1.5 1.4 1.3 1.2

Third spray 34 - 1.1 1.0 0.92 0.87

Fourth spray 180 - 1.5 1.4 1.3 1.3

@ Reference calculation value
b Value at end of recirculating spray

166




8.2 Re-evolution from Pools

The first calculations for these CSE assessment analyses showed iodine removal by
sprays from the test vessel atmosphere as discussed already, but then predicted that the
iodine vapor would re-evolve from the liquid pools in the lower drywell and lower room
sumps very quickly, returning to near the initial airborne iodine vapor concentration.
This occurred because the water in the pool had no capability of continuing to bind the
iodine vapor chemically.

This problem was noted by the code developers as DIR 1232, and the implementation
of TRAP-MELT modelling for fission product condensation and evaporation was modified
as of version 1.80U to disallow any evaporation of fission products residing in a control
volume pool. This is considered a temporary modification and is expected to be replaced
by the iodine chemistry model currently under development for MELCOR. Until this
new model is implemented, note that MELCOR versions 1.8.2 and 1.8.3 could have very
different fission product vapor responses calculated in control volumes with pools and
sprays.
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9 Time Step Effects and Machine Dependency

There has been a lot of discussion recently on numeric effects seen in various MELCOR
calculations [30], producing either differences in results for the same input on different
machines or differences in results when the time step used is varied. Several calculations
have been done to identify whether any such effects existed in our CSE assessment anal-
yses. A significant time step dependency due to an error in the spray package coding
was identified and eliminated.

9.1 Machine Dependencies

The calculations discussed in detail in Section 4, and the majority of our sensitivity
study analyses, were run on a SUN Sparc2 workstation. The test A-9 reference calcu-
lations were rerun, using the same code version (1.8PN), on an IBM RISC-6000 Model
550 workstation, on an HP 755 workstation, on a CRAY Y-MP8/864, and on a 50MHz
486 PC.

The predicted test vessel dome pressures and temperatures for the SUN, IBM and
HP workstation, and Cray and PC, calculations are presented in Figures 9.1.1 and 9.1.2.
There are no machine dependencies visible in the thermal/hydraulic response of the test
vessel to the spray injection.

Figures 9.1.3, 9.1.4 and 9.1.5 give the cesium and uranium aerosol and iodine vapor
airborne concentrations in the test vessel dome predicted by the SUN, IBM and HP
workstation, and Cray and PC, calculations. Again, there are no machine dependencies
visible in the aerosol washout or vapor decontamination response of the test vessel to the
spray injection.

Figure 9.1.6 presents run times for the CSE A-9 calculations on the various platforms.
The SUN and PC are always slowest in run time required; the IBM, HP and Cray are
all significantly faster with the HP and IBM workstations the fastest for these analyses.
Run times are shown for the 18000 s transient calculation; the offset at t=0 represents
the time taken for simulating the 18000 s preconditioning phase. Figure 9.1.7 indicates
that most of the run time is being used by the HS and RN1 packages, with relatively little
used by CVH or RN2. (RN1 is the portion of the RN package dealing with fission product
aerosols and vapors in general; RN2 is the portion dealing specifically with engineered
safety features such as containment sprays.)

9.2 Time Step Effects

Otherwise identical MELCOR calculations for CSE test A-9 were run on a SUN

Sparc2 workstation with the user-input maximum allowed time step progressively set to
99 s, 20 s, 2 s, and 0.5 s.
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Figure 9.1.1. Vessel Pressure for CSE Test A-9 — Machine Dependency Sensitivity
Study
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Figure 9.1.5. Iodine Vapor Airborne Concentrations for CSE Test A-9 — Machine
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173




CPU Time (103s)

@ Time (10°s)

CSE A-9
HLEKCVKPN 8/12/94  10:31:51  MELCOR CRAY
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Study

174




CPU Time (10°s)

@ Time (10%s)

CSE A-9
HLEKCVKPN 8/12/94  10:31:51  MELCOR SUN

Figure 9.1.7. Total and Package Run Times for CSE Test A-9 — Reference
Calculation

175




Figure 9.2.1 shows the time steps actually used in these time step sensitivity study
calculations. With a user-specified maximum allowed time step of 99 s, the calculation
always ran at the code-determined time step, which was as high as 20-30 s in the periods
between sprays and usually in the 10-20 s when the sprays were on. (The abrupt drops
in time step at the start and end of each spray period are due to using “EXACTTIME”
records to force the code to begin a cycle at the exact time that a spray was specified to
start or stop.) Limiting the user-specified maximum allowed time step to 20 s generally
affected the time step used in the periods between sprays but not when the sprays were on.
At the smaller user-specified maximum allowed time steps of 2 s and 0.5 s, the calculation
ran at the user-specified maximum allowed time steps throughout the simulation.

The predicted results from our initial time step sensitivity study calculations are
presented in Figures 9.2.2 through 9.2.5. These calculations were run with version 1.8PK.

Figures 9.2.2 and 9.2.3 show the vessel pressures and dome temperatures predicted.
While there are no time step effects visible in the test vessel pressure response, there
are a few small differences in the temperature behavior predicted, which are particularly
noticable during the recirculating spray period where the two smaller, user-limited time
steps result in smoother and slightly higher temperatures than the corresponding results
with the larger time steps.

Figures 9.2.4 and 9.2.5 give the cesium aerosol and iodine vapor airborne concentra-
tions in the test vessel dome predicted by the first time step study calculations done with
version 1.8PK. (The uranium aerosol response predicted is virtually identical to the ce-
sium aerosol response and is not shown separately.) While the iodine response generally
echoes the behavior seen in the vessel dome temperature, the cesium aerosol removal
increases drastically as the time step is reduced.

This problem was reported to the code developers as DIR 1268. An error was identified
and corrected in the implementation of the model for aerosol removal by sprays. In effect,
in the calculation of the aerosol removal during a time step from the removal rate, the
time step was inappropriately replaced by an approximation to the spray droplet residence
time. The effect was to introduce a strong dependency on time step, as well as totally
falsifying the aerosol removal.

This problem was corrected in update 1.8PM (so that it has been eliminated in the
release version of MELCOR 1.8.3). The predicted results from our final time step sensi-
tivity study calculations are presented in Figures 9.2.6 through 9.2.9. These calculations
were run with version 1.8PN.

Figures 9.2.6 and 9.2.7 show the vessel pressures and dome temperatures predicted. As
before, there are no significant time step effects visible in the test vessel pressure response.
The temperature behavior predicted is the same as in our initial time step sensitivity
study calculations: smoother and slightly higher temperatures during the recirculating
spray period for the two smaller, user-limited time steps than the corresponding results
with the larger time steps. Correction of an error in calculating the aerosol removal by
sprays would not be expected to affect the thermal/hydraulic response calculated in the
test vessel.
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Figures 9.2.8 and 9.2.9 give the cesium aerosol and iodine vapor airborne concentra-
tions in the test vessel dome predicted by the final time step study calculations, done with
version 1.8PN. (The uranium aerosol response predicted is virtually identical to the ce-
sium aerosol response and is not shown separately.) Again, the iodine response generally
echoes the behavior seen in the vessel dome temperature. However, the cesium aerosol
removal predicted has changed significantly with the correction of this error in calculat-
ing the aerosol removal by sprays. The aerosol removal predicted now increases slightly
as the time step is reduced, owing to residual numeric effects. Such small differences in
overall convergence are not surprising in an essentially exponential phenomenon.
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10 Code Problems Identified

10.1 Recirculating Sprays

A new feature has been added in MELCOR 1.8.3 in the spray package that allows
the user to specify a control volume from which to extract water for recirculating sprays.
In previous code versions, this had to be done by the user defining mass and energy
sinks via control functions to subtract water from the control volume pool to balance
the external spray injection. Since the spray is input as a volumetric flow at a specified
temperature (at an undocumented reference pressure) while the mass and energy sinks
are defined as a mass flow at a given enthalpy, there was significant potential for mass and
energy conservation problems when closed, recirculating spray systems were modelled.
This input upgrade was made in update 1.80I in response to DIR 1208.

Note, however, that any fission product aerosols and/or vapors already deposited in
the pool are left behind in the pool. Thus, MELCOR does not account for the increasing
degradation in the capability of the recirculating solution to continually accumulate and
remove more iodine as the solution accumulates iodine (owing to the variation of the
equilibrium partial pressure of iodine with the square of the iodine concentration in
solution).

10.2 Sensitivity Coefficients Not Connected

The first sensitivity studies varying the spray droplet terminal velocity and mass
transfer correlation yielded identical results even when the sensitivity coeflicients were
varied over many orders of magnitude. Upon investigation, the code developers identified
a coding error in that the spray package sensitivity coefficients listed in the documentation
could be input, but then had no effect on the calculation because there was no coding to
save and implement the sensitivity coeflicients in the SPR package. This was corrected
in update 1.80M as part of DIR 1216.

10.3 Iodine Re-evolution

The first calculations for these CSE assessment analyses showed iodine removal by
sprays from the test vessel atmosphere as discussed already, but then predicted that the
iodine vapor would re-evolve from the liquid pools in the lower drywell and lower room
sumps very quickly, returning to near the initial airborne iodine vapor concentration.
This occurred because the water in the pool had no capability of continuing to bind the
iodine vapor chemically. {Even without chemistry effects, re-evolution should be reduced
because of transport resistance in the pool.)

This problem was noted by the code developers as DIR 1232, and the implementation
of TRAP-MELT modelling for fission product condensation and evaporation was modified
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as of update 1.80U to disallow any evaporation of fission products residing in a control
volume pool. This is considered a temporary modification and is expected to by replaced
by the iodine chemistry model currently under development for MELCOR. Until this
new model is implemented, note that MELCOR versions 1.8.2 and 1.8.3 could have very
different fission product vapor responses calculated in control volumes with pools and
sprays.

10.4 Time Step Dependency

An error was identified and corrected in the implementation of the model for aerosol
removal by sprays. The error had resulted in incorrect aerosol removal rates being calcu-
lated, with a strong dependency on time step. This problem was reported in DIR 1268
and corrected in update 1.8PM.

10.5 I/0 Improvements Needed

This CSE assessment was made quite difficult because of a number of limits and
omissions in the MELCOR input/output.

The spray package specifies injection in volumetric flow and temperature, for conve-
nience in using plant data usually given in such form. This form, however, is inconsistent
with input for other packages in MELCOR (such as mass and energy sources/sinks in
CVH or liquid films in HS) where mass and enthalpy are the primary input variables.
This leads to possible inconsistencies and problems in defining control functions because
specifying volumetric flow and temperature only does not fully define a unique state for
water. The documentation does not clarify whether the spray injection is assumed to
be at saturation, at atmospheric pressure, or at the local, instantaneous pressure of the
volume into which the injection is specified (or some other state).

The output (both printed, plotted and available control functions) for the spray pack-
age 1s also sparse and inadequate. Useful information would be droplet terminal veloc-
ity, fall time, equilibration time, temperature and size evolution for each characteristic
droplet in the droplet size distribution. Steam condensation, heat transfer to steam
and to noncondensibles, aerosol removal amounts and washout rates, and vapor removal
amounts and decontamination rates should be given both for each characteristic droplet
in the droplet size distribution and for the spray overall. Aerosol and vapor removal by
different mechanisms (e.g., impaction, interception, diffusion, etc.) should be provided
together with total removal.

The aerosol input requirements are also inconsistent. Aerosol sources vs time are input
as distributions with a total mass and an associated AMMD and GSD. However, aerosols
initially present can only be input as individual masses in each MAEROS section, with
the user forced to make the conversion from a total mass with an associated AMMD and
GSD. Further, it is impossible to define an initial aerosol particle size or size distribution
for any fog (water aerosol) initially present in the atmosphere. It would have been very
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have been very helpful in our sensitivity studies to be able to define the fog particle size
or AMMD/GSD size distribution (while letting CVH define the total fog mass in the
atmosphere).

10.6 Evaporation/Condensation

The results of the sensitivity study on aerosol particle initial size presented in Sec-
tion 7.4 showed that the test data on aerosol removal are matched much better by particles
with an initial AMMD in the 2.5-5.0 um range than by injecting the aerosol particles
with an initial AMMD in the 0.5-1.0 gm range as specified in the experiment report [21].

In reality, the aerosol particles are probably larger at the start of the spray injection
transient, not because larger cesium and uranium particles were injected but because the
hygroscopic cesium aerosols at least would be expected to grow very quickly to about
5.0 pm by condensation of water onto the small particles initially injected; the effect is
probably smaller for the uranium particles but still occurs to some extent {26].

MELCOR does model condensation/evaporation effects on aerosol particle size, but
does not include any model for hygroscopic effects. The lack of such a model has been
noted in previous MELCOR assessments of aerosol behavior in humid atmospheres [3, 27].
However, in our reference calculation, condensation/evaporation was specified to take
place only on water aerosols and not on all aerosols present (as in the code default), to
avoid other modelling problems.

The reference calculation, with condensation/evaporation specified to take place only
on water aerosols, predicts the most aerosol removal by sprays overall. Allowing con-
densation/evaporation to take place on any aerosols present does predict more aerosol
removal during the first spray, which is in better agreement with test data. This would
be expected because the cesium and uranium aerosol particles could grow somewhat
before the start of the first spray owing to condensation in this case although, without
hygroscopicity taken into account, the growth is not great enough to match the test data.
However, allowing MELCOR to treat condensation onto the cesium and uranium aerosols
results in greater discrepancies after the water aerosols evaporate.

With condensation onto all aerosols present, the mass median diameters of the ce-
sium and uranium aerosols drop precipitously when the water aerosols evaporate. When
condensation occurs on all aerosols, MELCOR assumes that all the aerosol particles are
identical. In this case, there is a relatively large amount of water and relatively large
number of water aerosol particles in the humid atmosphere early in the transient, relative
to the cesium and uranium. Therefore, all aerosol particles would be assumed to have
a thick water film over a small cesium/uranium core, rather than a smaller number of
cesium and uranium particles having a thin water film and most of the aerosol particles
being pure fog droplets. Thus, after the water film evaporates, a large number of small
cesium and uranium aerosol particles have been artificially created from a smaller number
of larger cesium and uranium particles. This is a known problem that has been identified
in other MELCOR analyses (e.g., [28]).
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There are thus several problems in MELCOR with representation of condensation/eva-
poration effects on aerosol behavior. Hygroscopic effects should be added to the code
model to correctly account for aerosol growth in humid atmospheres. Also, some cor-
rections and improvements need to be developed to allow reasonable aerosol particle
behavior after evaporation of water in the default MELCOR treatment of condensa-
tion/evaporation onto all aerosols present.
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11 Summary and Conclusions

The MELCOR computer code has been used to analyze several of the CSE con-
tainment spray experiments performed in the Containment Systems Experiment vessel,
in order to evaluate the performance of aqueous sprays as a means of decontaminating
containment atmospheres. This report documents the results of those analyses.

MELCOR results have been compared with test data, and a number of sensitivity
studies on input modelling parameters and options in both the spray package and the
associated aerosol washout and atmosphere decontamination by sprays modelled in the
RN package have been done. The results of these assessment analyses demonstrate that
MELCOR correctly reproduces the qualitative thermal/hydraulic, aerosol washout and
vapor decontamination response to containment spray injection. In particular, MEL-
COR reproduces the relative responses observed when the spray flow rate and droplet
size distribution are varied. Also, the accuracy and reasonableness of the predicted re-
sults generally improve as more MAEROS components and sections are used to model
the aerosol size distributions, as would be expected. These CSE results confirm the pre-
vious MELCOR  assessment guideline [3] that water drops in the atmosphere should be
represented by a separate component in transients with a humid atmosphere.

There are, however, a number of quantitative differences between the MEL.COR re-
sults and the test data. Some of the differences are due to uncertainties or inconsistencies
in the test data. Others are due to code assumptions or inadequacies, some of which have
been or will be addressed.

The quantitative differences in the thermal/hydraulic response are generally attribut-
able to the assumption in MELCOR that the sprays injected into a volume are imme-
diately fully mixed, and that the spray droplets fall through a volume atmosphere at
rest, leading to overestimation of steam condensation by the sprays. This is a basic
assumption in the HECTR spray model [24] implemented in MELCOR.

The quantitative differences in aerosol washout are attributable primarily to known
problems in modelling interaction of aerosol particles with fog (water aerosols) in the
atmosphere through evaporation and condensation. The default modelling in the code,
with evaporation/condensation on all aerosols provides better agreement with test data
during condensation periods but leads to too-small aerosol particles after evaporation
(as noted in other MELCOR assessments [28]); an option in MELCOR to consider only
condensation/evaporation onto existing water aerosols causes opposite errors. The lack
of any model in MELCOR representing hygroscopic effects also affects the ability to
correctly predict cesium aerosol response (as noted in other MELCOR assessments |3,
27]).

The quantitative differences in elemental iodine vapor removal are attributable partly
to the lack of iodine chemistry modelling in MELCOR. MELCOR currently has no built-
in capability to model methyl iodine (a moderately soluble and much less reactive vapor)
or other iodine forms, or to model details of iodine chemistry such as interaction with
sprays containing different additives. Many of these deficiencies will be addressed in
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the iodine chemistry model being added in the next code version after MELCOR 1.8.3.
Among other deficiencies, the first calculations for these CSE assessment analyses pre-
dicted that the iodine vapor would re-evolve from the liquid pools very quickly, returning
to near the initial airborne iodine vapor concentration because the water in the pool had
no capability of continuing to bind the iodine vapor chemically in the current MELCOR
coding. There are also effects of pool transport and surface evaporation not captured
by TRAP-MELT, such as the effect of dilution in the pool which reduces the vapor
pressure. This problem was noted by the code developers and the implementation of
TRAP-MELT modelling for fission product condensation and evaporation was modified
to totally disallow any evaporation of fission products residing in a control volume pool.
This is considered a temporary modification and is expected to be replaced by the iodine
chemistry model currently under development for MELCOR. (Because of this change,
note that MELCOR versions 1.8.2 and 1.8.3 could have very different fission product *
vapor responses calculated in control volumes with pools and sprays. Neither can be
expected to be “correct” because the behavior is probably intermediate between the two
limiting extremes. The current approximation of retaining vapors in pools is probably
a better representation of the real situation, where most of the iodine is expected to be
retained in the pool.)

Also, MELCOR does not account for any fission product aerosol or vapor “loading”
in recirculating sump water. A new feature was added in MELCOR 1.8.3 in the spray
package that allows the user to specify a control volume from which to extract water for
recirculating sprays. (In previous code versions, this had to be done by the user defining
mass and energy sinks via control functions to subtract water from the control volume
pool to balance the external spray injection.) However, any fission product aerosols
and/or vapors already deposited in the pool are left behind in the pool. For example,
any iodine collected by the sprays remains behind, locked in the liquid pool, as the water
from that pool is recirculated by the spray package. Thus, MELCOR does not account
for any pre-existing binding of iodine with reactants such as borax or sodium thiosulpfate
in recirculating sump water, which might degrade further iodine removal capability.

Time step and machine-dependency calculations were done to identify whether any
numeric effects exist in these CSE assessment analyses. A significant time step depen-
dency caused by an error in the spray package coding was identified and eliminated. A
number of other code deficiencies and inconveniences also are noted, some of which have
been addressed.
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A CSE A-9 Reference Calculation Input Deck

*

*eor* melgen

*

sc71361 7136 0.0 2

sc71362 7136 0.0 10

*

tstart -18000.0

*

sk ook sk ok o e ok ok sk sk e sk sk ko o ok sk sk ki ok ok ok ok sk sk sk sk sk k sk ke 3k o ok s o sk o sk ok ok sk ok Kk ok sk ok s s ol sk sk okok Aok ok 3 ok
ok kk k

*okokokok this is a melcor test calculation for the cse containment
*okokok ok spray experiment a-9.

ok ok ok ok

*dttime 0.1

title ’CSE A-9°

outputf cse9.gout

diagf cse9.gdia

restartf cse9.rst

*

Sk o ko ok sk o o o ok o o o e K o ok o 3 ok o o o ok R KR R K o K o o oK R K KSR S o s oK s o Kok o Kok o oK oK o oK
*okokokok noncondensible gases data

sk ok ok ok sk o o ok ks o o ok s o o Ko o o ko e ok ok o e koK sk o ok ok o R ok o o o s o o o R oK ok R ok ok ke o ok ko e o sk sk o KoK ok oK o o
Kook ok

*kokokok noncondensible gases are o2 and n2
koK ok

ncg000 n2 4

ncg001 o2 5

koK ok ok

sk sk o ke 3k oK o ok sk ok ok e sk ke o e s e s e ok sk ok e sk s sk sk ok sk sk sk sk ok ok sk sk ok ok sk ok o ok ok sk sk ok o ok Sk sk sk sk ok sk ok sk sk ook sk ok ok ok ok ok ok
ok ok ok sk control volume data

B ok sk ok 3k ok ok ok ok ok e ok ok ok ok ok ok sk s ok sk ok sk sk sk ok ok ok sk sk sk ok sk ok ok sk ke ok ok sk ok ok ok 3 e s ko ok sk ok o ok ok o sk ok ok ok ok ok ok sk sk o oK
Kook Kok ok

Kokkokok control volume 10 ---- dome above spray header

ook sk ok ok
cv01000 dome 2 2 10
cv010a0 3

cv010al  pvol 3.0336e5 rhum 1.0
cv010a2 tatm 394 .26
cv010a3 mlfr.4 0.79 nmlfr.5 0.21

cv010b1l 8.037 0.0

cv010b2 9.099 48.43

cv010p3  11.025 110.76

koK ok ok

ook ok

dokokokok control volume 1 ---- main room or dome below spray header
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*ok o ok ok
cv00100 dome 2 2 1

cv001al 3

cv00lal pvol 3.0336e5 rhum 1.0
cv00la2 tatm 394.26

cv001a3 mlfr.4 0.79 mlfr.5 0.21

cv001bl -1.676 0.0
cv001b2 8.037 443.05
koK ok

ok 3 3k 3 ok ok 3k ok ok sk 3 ok ok Sk ok b ok ok o 5 k¢ ok ok 3k ke ok ok oK ok ok 3k ok ok sk ok ok 3k ok ok K ok ok ok 3k ok ok ok ok ok ok sk 2k ok 3k 3k ok ok 3k 3k ok ok ok ok ok ok ok ok ok ok ok ok %k

Keokokok ok
Aok dok ok control volume 2 ---- lower part of drywell
Aok %k ok k

cv00200 drywell 2 2 2

cv002a0 3

cv002a1  pvol 3.0336e5 rhum 1.0
cv002a2 tatm 394.26

cv002a3 mlfr.4 0.79 mlfr.5 0.21
cv002bi -6.675 0.0

cv002b2 -5.923 3.568

cv002b3 -1.676 41.06

kokokok ok external steam feed to maintain initial thermal equilibrium
cv002c1 mass.3 15 3 % steam flow, kg/s

cv002c2 ae 16 3 % steam enthalpy rate, j/s
cf01500 steam-m equals 1 0.0 0.0240

cf01511 0.0 0.0 time

cf01600 steam-h equals 1 2.7250e8 0.0

cf01611 1.0 0.0 cfvalu.015

3k e o e o K s s o R K 3K Ko S R KK o R K R Ko o ok 3K o o sk Kok ok sk o o ko o ko o Ko o R K o o o ok o o K ok s ok ks sk o ko
KKk K

*okokokok control volume 3 ---- middle room

Kok ok

cv00300 middle 2 2 3

cv003a0l 3

cv003al pvel 3.0336eb rhum 1.0
cv003a2 tatm 394.26
cv003a3 mlfr.4 0.79 _mlfr.S 0.21

cv003b1l -6.553 0.0
cv003b2 -1.676 59.16
*okokok ok

3K K 3K 3k ok 3k 3k ok ok 3k o 3k ok oK S 3k ok ok dk ok ok 3k 3k 3k 3k oK sk sk ok ok 3k 3k 3k 3K 3 3 ok 3K 3k dk sk S sk ok sk sk ok sk sk ok ok ok ok sk ok ke ok sk e sk ke sk sk Sk sk sk ok ok ok ok sk ok k
* 3k koK k

*okokok ok control volume 4 ---- lower room Or sump
& % % ok Xk

cv00400 lower 2 2 4

cv004a0 3

cv004al pvol 3.0336e5 rhum 1.0
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cv004a2
cv004a3
cv004b1
cv004b2
cv004b3
*okokok ok
cv004cl
cv004c2
*cv004c3
*cv004c4
*
cf70100
cf70111
c£70200
cf70211
%
c£70700
cf70710
cf70711
c£70800
cf70811
%

*ok ok ok k

tatm 394.286
mlfr.4 0.79 mlfr.5 0.21

-9.703 0.0

-7.372 41.49

-6.553 95.84

add some of sprays directly to sump
mass.1 701 3 * spray 1

te 702 9 * spray 1

mass.1 707 3 * spray 4

te 708 9 * spray 4
mi equals 1 1000.0 0.0
1.0 0.0 cfvalu.003

t1 equals 1 0.0 312.00
0.0 0.0 time

six4 multiply 2 1.0 0.0
1.0 0.0 cfvalu.009

1.0 0.0 cvh-rhop.004

t4 equals 1 1.0 0.0
1.0 0.0 cvh-t1iq.004

3 ok 3k sk sk sk sk ok ok s ok ok sk ok ok sk ok ok sk ok 3k ok ok sk sk 3k ok ok 3k ok ok ok ok ok ok ok ok ok ok Sk 3k ok 5k 3k ok ok ok sk ok ok ok ok s 3k sk ok 3k K ok ok ok ok ok ok ok ok ok ok ok Kk k

ko dokok K

*dokok ok

*doksk ok

cv00500
cv00501
cv005a0
cv005al
cv00ba2
cv005a3
cv005b1

cv005b2
skokokok ok

control volume 5 ---- outer environment

outer 2 2 5

0 -1

3
pvol 1.013Beb rhum 1.0
tatm  305.37
mifr.4 0.79 mlfr.5 0.21
-10.0 0.0

20.0 20.0

3k 3k 3k 3k 3k ok ok ok 3K ok ok 3k ok 3k ok ok 3k 3k ok ok 3K 2k K 3k ok ok ok ok 5k ok 2k >k 3K ok 3k ok 3k 3k ok ok ok ok 3k ok ok sk Sk ok ok ok 3k ok ok ok ok 3k 5k ok ok K 3k 3k K ok ok 3k Kk K kok

ok ok ok ok
¥k ok ok

ok ok k ok

cv00600
cv006a0
cv006al
cv006a2
cv006a3
cv006b1l
cv006b2

control volume 6 ---- wetwell (isolated)

wetwell 2 2 6

3

mass.1 0.0 mass.2 0.0

pvol 1.2040e5 rhum 0.0 tatm 375.5349
mlfr.4 0.79 mlfr.5 0.21

-6.553 0.0

-1.676 118.32
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%k %k %k k
3k 3k ok 5k 3k ok 5K ok 3k 3k 3k 3k ok 3k ok ok ok ok ok ok 2k 3k ok 2k 3k ok 3k ok 3k sk sk ok ok sk ok ok ok ke ok 3k ok ok ok ok Sk ok 2k 3k Sk ok ok sk 3k 3k ok 3k 3 ok ok sk ok ok ok ok ok ok ok k ok ok

dokokokok flow path data
Sk ok ok ook ok ok s o ok Sk sk sk sk o Kok sk o R Kok R R sk s R sk ok s ok sk ok ok sk ksl ko sk sk ki sk o stk sk ok kol s kok ok kokok
£101500 v2-v10 2 10 -2.50 9.0

£101601 1.0  10.0 1.0  0.01 0.01
£1015s1 1.0  10.0 7.620 5.0e-5 16.0
Kok kokok
£100500  vi-vi0 1 10 8.037 8.037
£100501  45.60 0.01 1.0  0.01 0.01
£1005s1  45.60 3.0 7.620 5.0e-5 16.0
% ok % %k Xk
£100100  vi-v2
£100101  8.829
£100103 0.5
£1001s1  45.60
£1001s2  8.829
ok koK ok
£100200  vi-v3
£100201  2.335
£100203 0.5
£1002s1  12.258
Kok Kk ok
£100300  v3-v4 3 4 -6.553 -6.6
£100301  1.167 ©0.01 1.0  0.609 0.609
0
6

2 -1.4 -1.676
.01 1.0 0.01 0.01

o OO O =

5
.0 7.620 5.0e-5 16.0
0 3.363 5.0e-5 16.0

3 -1.676 -1.7
.01 1.0 0.862 0.862

;DO O =
[¢4]

.0 4.2867 5.0e-5 16.0

£100303 0.5
£1003s1 12.258
ok ok ok ok

[@ 2

4.267 5.0e-5 16.0

3 5K 3K ok ok 3k sk ok 3k ok sk sk sk sk ok ok ok ok ok ok sk sk sk sk sk ok ok ok ok ok sk ok sk sk sk sk ok ok ok 3k 3k K 3k Ok sk ok ok ok e 2k ok ok ak ok sk sk sk ok sk ok 3K ok ok ok ok ok ok ok ok ok ok

ok ok kK containment sprays

sk ok ok ok ok ok ko o sk ok sk sk sk ok ok ok ok ok ok ok ok ok ok ok ok i ok ok ok ok sk ok sk okl ol ok sk sk s ok ok ok sk kok ok sk ok ok ok ok ok Kok oK KK KoK ok
Fokkok ok spray 1

Kok ok sk

sprsr0100 sprayl 1 8.037
sprsr0101 312.00 0.009324 0 2
*sprsr0111 0.01220 1.0

sprsr0111 0.000420 0.20

sprsr0112 0.000580 0.20

sprsr0113 0.000725 0.20

sprsr0ii4 0.000980 0.20

sprsr0115 0.001250 0.20

*sprsr0111 0.000150 0.01667
*sprsr0112 0.000450 0.45417
*sprsr0113 0.000750 0.32222
*sprsr0114 0.001200 0.18333
*sprsr0115 0.001850 0.02361

sprjun0Oi 1 2 0.1936
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sprjun02 1 3 0.3512
sprjun03 3 4 0.5
*kk

c£00100 tablel tab-fun 1 0.009324 0.0
cf00103 1

cf00111 1.0 0.0 time

t£00100 timel 12 1.0 0.0
t£00111 1800.0 0.0

t£00112 1800.0 1.0

t£00113 1980.0 1.0

t£00114 1980.0 0.0

t£00115 33006.0 0.0

t£00116 3300.0 1.02027

t£00117 3480.0 1.02027

t£00118 3480.0 0.0

t£00119 5400.0 0.0

t£00120 5400.0 1.00676

t£00121 6000.0 1.00676

t£00122 6000.0 0.0

*

cf00200 'spray-frac’ equals 1 0.70 0.0
c£00210 1.0 0.0 cfvalu.001

*

cf00300 ’wall-frac’ add 2 1.0 0.0
¢f00310 1.0 0.0 cfvalu.001

cf00311 -1.0 0.0 cfvalu.002

*k
3k ok 2 3k ok 3k ok ok b ok ok ok ok ok ok sk sk ok sk sk sk ook ok ok ok ok ok sk ok 2k ok %k sk sk ok sk ok sk ok ok ok sk ok sk sk sk sk sk ok ok sk ok ok ok ok ok ok ok o ok sk ok sk kok ok ok ok k

*okkokok spray 2

Kokk kK

sprsr0200 spray2 1 8.037 0 004 0
sprsr0201 322.0 0.00777437 720 8
sprsr0211 0.000420 0.20

sprsr0212 0.000580 0.20

sprsr213 0.000725 0.20

sprsr0214 0.000980 0.20

sprsr0215 0.001250 0.20

*sprsr0211 0.000150 0.01667

*sprsr0212 0.000450 0.45417

*sprsr0213 0.000750 0.32222

*sprsr0214 0.001200 0.18333

*sprsr0215 0.001850 0.02361

okok

cf00700 table2 tab-fun 1 0.008694 0.0
cf00703 - 4

cf00711 1.0 0.0 time

t£00400 time2 4 1.0 0.0
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t£004a2
t£004a3
t£004a4
tf004ab
KKk KK
*ok
c£00800
cf00810
*
c¢£00900
cf£00910
cf00911
*
c£72000
cf72011
sk ok ok ok ok
cf77100
c£77102
cf77103
cf77111
%
c£77200
cf77210
%
c£77300
cf77302
cf77303
cf77311
*
cf77400
cf77410
cf77411
%
cf77500
cf77501
cf77510
cf77511
*
c£77600
cf77601
cf77610
cf77611
*

12600.0 c.0
12600.0 1.0
16200.0 1.0
16200.0 0.0

’spray-frac’ equals 1 0.70 0.0
1.0 0.0 cfvalu.007

‘wall-frac? add 2 1.0 0.0
1.0 0.0 cfvalu.007
-1.0 0.0 cfvalu.008

sptemp abs 1 1.0 0.0
1.0 0.0 cvh-t1iq.004

fresh-on tab-fun 1 1.0 0.0
i 0.0 1.0

1

1.0 0.0 time

fresh-H equals 1 1.0 0.0
1.6284e5 0.0 cfvalu.771

recirc-on tab-fun 1 1.0 0.0
1 0.0 1.0

4

1.0 0.0 time

recirc-H multiply 2 1.0 0.0
1.0 0.0 cfvalu.773
1.0 0.0 cvh-h.1.004

wall-spray add 2 0.0 0.0
0.0

1000.0 0.0 cfvalu.003

0.0 0.0 cfvalu.009

wall-spray-E add 2 0.0 0.0
0.0

1.0 0.0 cfvalu.772

0.0 0.0 cfvalu.774

3k 2k 3 2k ok 2k 3k ok Ak kK 3K ok 3K 3k 2k oK ok ok 3k ok ok 2k ok A >k ok 2k 2k 2k ok Sk 2k 3k >k ok ok ok ok Ak 3k 2k Ok 5K ok ok 2k 2k ok ok s ok ok Ak 3k ok ok sk 3k 3k 3k ok ok 3k ok ok ok ok 3k 5k 5k

& 3k %k 3k K

radionuclide package input

3 3 3K o ok ok 2k Ak 3k sk 3k 3K ok ok ok ok 3k K oK 3K 2k K oK 3K K 3K 3 ok ok 3 ok ok ok 3k 3k ok K 3k ok 3k ok ok ok 2k oK ok k2 5K 3k K ok ok ok 3k ok ok ok ok ok ok ok ok ok ok ok ok %k ok sk ok

*
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rn1000 0 * activate rnl package

rni001 10 3 17 14 13 2 1 * nsec, ncomp, nclas, nclsw, nclsbx, na, nv
rnl1100 0.1e-6 50.e-6 2500. * aerosol sectional parameters

rnacoef 1 * code calculates aerosel cofficients

rnpt000 9.0e4 4.00eb5 250. 400. * p-t conditions for aerosol coefficients

*xrpncc000 2 2 2 3 2 2 2 2 2 4 2 2 2 1 2 2 2
rmcc000 2 3 2 2 2 2 2 2 2 2 2 2 2 1 2 2 2
rnacond 1 '

*

rn2sprC0 4

rn2spr0l 1 5000.0

rn2spr02 2 §5000.0

%

* class 2 is CsOH

E 3

rnas000 002 2 2 0.0 4.96e-6 -101 2

rnas001 0.5e-6 1.5 * gmd, gsd

*

* class 4 is I2

*

rnvs002 002 2 4 0.0 9.17e-5 -101 * 2

*rnvs003 0.5e-6 1.5 * gmd, gsd

*

* class 10 is U

*

rnas004 002 2 10 0.0 4.96e-6 -101 2

rnas005 1.0e~6 1.5 * gmd, gsd

*

c£10100 ’cf101’ tab-fun 1 1.0 0.0

c£10103 101

cf10110 1.0 0.0 time

t£10100 asource 4 1.0 0.0 * tf for aerosol source
tf10111 0.0 0.
t£10112 0.0 1.
t£10113 600.0 1.
t£10114 600.0 0.
*

*rnms000 1.85 2.25 1.37 1.0 0.001 0.05 1.0 1.0e-5
*

rnds000 00100 1hs wall

0
0
0
0

rnds001 00001 1hs wall
rnds002 00002 1hs ceiling
rnds003 00003 1hs floor
rnds004 00003 rhs ceiling
rnds005 00004 1hs floor
rndsC006 00005 1lhs wall
rnds007 00006 1lhs wall
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rnds008 00006 rhs wall
rnds009 00007 1lhs wall
rnds010 00008 1hs floor
rnds011 00008 rhs ceiling
rnds012 00009 1lhs wall
rnds013 00011 1hs wall
rnds014 00012 1lhs floor
rnds01& 00012 rhs ceiling
rnds016 00013 rhs ceiling
rnds017 00014 1hs floor
rnds018 00015 1hs wall

rnds019 00016 1lhs wall
%k

rnset001 10 1 8.037 45.60

rnset002 1 2 -1.676 8.829
rnset003 1 3 -1.676 12.135
rnset004 4 -6.553 1.167

*

cf12000 ’csAa-top-dome’ add 10 1.0 0.0
*¢£12010 1.0 0.0 rnl-vmg-2-1.010

cf12011 1.0 0.0 rni-amg-1-2-1.010
cf12012 1.0 0.0 rni-amg-2-2-1.010
cf12013 1.0 0.0 rnl-amg-3-2-1.010
cf12014 1.0 0.0 rni-amg-4-2-1.010
cf12015 1.0 0.0 rni-amg-5-2-1.010
¢f12016 1.0 0.0 rni-amg-6-2-1.010
cf12017 1.0 0.0 rni-amg-7-2-1.010
¢f12018 1.0 0.0 rnl-amg-8-2-1.010
cf12019 1.0 0.0 rnl-amg-9-2-1.010
cf12020 1.0 0.0 rnil-amg-10-2-1.010

*
cf£12100 ’csAa-dome’ add 10 1.0 0.0
*c£12110 1.0 0.0 1rnl-vmg-2-1.001

cf12111 1.0 0.0 rni-amg-1-2-1.001
cf12112 1.0 0.0 rni-amg-2-2-1.001
cf12113 1.0 0.0 rni-amg-3-2-1.001
cfi2114 1.0 0.0 rnl-amg-4-2-1.001
cf12115 1.0 0.0 rni-amg-5-2-1.001
cf12116 1.0 0.0 rni-amg-6-2-1.001
cf12117 1.0 0.0 rni-amg-7-2-1.001
cf12118 1.0 0.0 rni-amg-8-2-1.001
cf12119 1.0 0.0 rni-amg-9-2-1.001
cf12120 1.0 0.0 rni-amg-10-2-1.001

*

cf12200 ’csAa-low-dw’ add 10 1.0 0.0
*c£12210 1.0 0.0 zrnil-vmg-2-1.002
cf12211 1.0 0.0 rni-amg-1-2-1.002
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cf12212 1.0 0.0 rni-amg-2-2-1.002
cf12213 1.0 0.0 1rnl-amg-3-2-1.002
cf12214 1.0 0.0 rni-amg-4-2-1.002
cf12215 1.0 0.0 rnil-amg-5-2-1.002
cf12216 1.0 0.0 rni-amg-6-2-1.002
cf12217 1.0 0.0 rnl-amg-7-2-1.002
cf12218 1.0 0.0 rnl-amg-8-2-1.002
cf12219 1.0 0.0 rni-amg-9-2-1.002
cf12220 1.0 0.0 rni-amg-10-2-1.002

*
¢f12300 ‘’csAa-mid-room’ add 10 1.0 0.0
*cf12310 1.0 0.0 rnl-vmg-2-1.003

cf12311 1.0 0.0 rni-amg-1-2-1.003
cf12312 1.0 0.0 rnil-amg-2-2-1.003
c£f12313 1.0 0.0 rni-amg-3-2-1.003
cf12314 1.0 0.0 rni-amg-4-2-1.003
cf12315 1.0 0.0 rnil-amg-5-2-1.003
cf12316 1.0 0.0 rnil-amg-6-2-1.003
cf12317 1.0 0.0 rni-amg-7-2-1.003
cf12318 1.0 0.0 rnl-amg-8-2-1.003
cf12319 1.0 0.0 rni-amg-9-2-1.003
cf12320 1.0 0.0 rnil-amg-10-2-1.003

*

cf12400 ’csAa-sump’ add 10 1.0 0.0
*c£12410 1.0 0.0 rni-vmg-2-1.004

cf124i1 1.0 0.0 rnl-amg-1-2-1.004
cf12412 1.0 0.0 rni-amg-2-2-1.004
cfi24i3 1.0 0.0 rni-amg-3-2-1.004
cf12414 1.0 0.0 rnl-amg-4-2-1.004
c£12415 1.0 0.0 rni-amg-5-2-1.004
cfi12416 1.0 0.0 rnl-amg-6-2-1.004
cf12417 1.0 0.0 rni-amg-7-2-1.004
cf12418 1.0 0.0 rni-amg-8-2-1.004
¢f12419 1.0 0.0 rni-amg-9-2-1.004
cf12420 1.0 0.0 rnil-amg-10-2-1.004

*
cf14000 ‘’iAa-top-dome’ add 10 1.0 0.0
*cf14010 1.0 0.0 rni-vmg-4-1.010

cf14011 1.0 0.0 rnil-amg-1-4-1.010
cf14012 1.0 0.0 rnl-amg-2-4-1.010
cf14013 1.0 0.0 rni-amg-3-4-1.010
cf14014 1.0 0.0 rni-amg-4-4-1.010
cf14015 1.0 0.0 rnil-amg-5-4-1.010
cf14016 1.0 0.0 rni-amg-6-4-1.010
cf14017 1.0 0.0 rni-amg-7-4-1.010
cf14018 1.0 0.0 rni-amg-8-4-1.010
c£14019 1.0 0.0 rni-amg-9-4-1.010
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cf14020
*

cf14100

*cf14110

cf14111
cf14112
cf14113
cfi4114
cf14115
cf14116
cf14117
cf14118
cf14119
cf14120
L3

c£14200

*cf£14210

cf14211
cf14212
cf14213
cf14214
cf14215
cf14216
cf14217
cf14218
cf14219
cf14220
%k

c£14300

*cf14310

cf14311
cf£14312
cf14313
cf14314
cf£14315
cf14316
c£14317
cf14318
cf14319
c£14320
*

cf14400

*cf14410

cf14411
cf14412
cf14413
cfi4414

’iAa-dome’

O A e b R R R e e
O O OO O OO OO O
OO OO OO O OO O
QO O OO O OO O OO

[ T T s i S e R Sy WY
O O O O OO O O OO0
OO OO OO OO OO0
QO O O O O O OO oo

e I S N
O O OO O C OO0 OO
O O OO O O OO CC
QO OO O O OO0 OO0

’iAa-sump’

R R
o O O O
OO O O
O O O O

add 10 1.0 0.0
1.0 0.0 rni-vmg-4-1.001
rni-amg-1-4-1.
rni-amg-2-4-1.
rni-amg-3-4-1.
rnl-amg-4-4-1.
rnl-amg-5-4-1.
rnl-amg-6-4-1.
rnl-amg-7-4-1.
rni-amg-8-4-1.
rni-amg-9-4-1.

1.0 0.0 rnl-amg-10-4-1.010

001
001
001
001
001
001
001
001
001

rni-amg-10-4-1.001

’iAa-low-dw’ add 10
1.0 0.0 rni-vmg-4-1.002
rnl-amg~1-4-1.
.002
.002

rni-amg-2-4-

1
rni-amg-3-4-1

rni-amg-4-4-1.
rni-amg-5-4-1.
rnl-amg-6-4-1.
rnl-amg-7-4-1.
.002

rnl-amg-8-4-1

rni-amg-9-4-1.

1.0 0.0

002

002
002
002
002

002

rnl-amg-10-4-1.002

’iAa-mid-room’ add 10
1.0 0.0 rnil-vmg-4-1.003
rnl-amg-1-4-1.
rnl-amg-2-4-1.
rni-amg-3-4-1.
rnl-amg-4-4-1.
rnl-amg-5-4-1.
rni-amg-6-4-1.
.003
.003

rnl-amg-7-4-1
rnl-amg-8-4-1

rnl-amg-9-4-1.

1.0 0.0

003
003
003
003
003
003

003

rni-amg~10-4-1.003

add 10 1.0 0.0
1.0 0.0 rni-vmg-4-1.004
rnl-amg-1-4-1.
rnl-amg-2-4-1.
rnl-amg-3-4-1.
rnl-amg-4-4-1.

004
004
004
004




cf14415 1.0 0.0 rnil-amg-5-4-1.004
cf14416 1.0 0.0 rni-amg-6-4-1.004
cf14417 1.0 0.0 rnil-amg-7-4-1.004
cf14418 1.0 0.0 rnl-amg-8-4-1.004
cf14419 1.0 0.0 rnl-amg-9-4-1.004
cf14420 1.0 0.0 rnl-amg-10-4-1.004

*
c£13000 ’ulda-top-dome’ add 10 1.0 0.0
*c£13010 1.0 0.0 rnl-vmg-10-1.010

c¢f13011 1.0 0.0 rnl-amg-1-10-1.010
cf13012 1.0 0.0 rni-amg-2-10-1.010
c¢£13013 1.0 0.0 rnl-amg-3-10-1.010
cf13014 1.0 0.0 rnl-amg-4-10-1.010
cf13015 1.0 0.0 rnl-amg-5-10-1.010
cf13016 1.0 0.0 rni-amg-6-10-1.010
c£f13017 1.0 0.0 rni-amg-7-10-1.010
cf13018 1.0 0.0 rni-amg-8-10-1.010
cf13019 1.0 0.0 rni-amg-9-10-1.010
c£13020 1.0 0.0 rnil-amg-10-10-1.010

%
¢f13100 ‘’uAa-dome’ add 10 1.0 0.0
¥cf13110 1.0 0.0 rni-vmg-10-1.001

cfi13111 1.0 0.0 rnl-amg-1-10-1.001
cfi3112 1.0 0.0 rnl-amg-2-10-1.001
cf13113 1.0 0.0 rni-amg-3-10-1.001
cfi3114 1.0 0.0 rni-amg-4-10-1.001
cf13116 1.0 0.0 rnl-amg-5-10-1.001
cf13116 1.0 0.0 rnl-amg-6-10-1.001
cf13117 1.0 0.0 rnl-amg-7-10-1.001
cf13118 1.0 0.0 rnil-amg-8-10-1.001
cf13119 1.0 0.0 rnl-amg-9-10-1.001
cf13120 1.0 0.0 rnil-amg-10-10-1.001

%*
cf13200 ‘’ula-low-dw’ add 10 1.0 0.0
*cf13210 1.0 0.0 rnl-vmg-10-1.002

¢f13211 1.0 0.0 rnl-amg-1-10-1.002
cf13212 1.0 0.0 rni-amg-2-10-1.002
cf13213 1.0 0.0 rnl-amg-3-10-1.002
cf13214 1.0 0.0 rni-amg-4-10-1.002
cf13215 1.0 0.0 rni-amg-5-10-1.002
cf13216 1.0 0.0 rnil-amg-6-10-1.002
cf13217 1.0 0.0 rnl-amg-7-10-1.002
cf13218 1.0 0.0 rnl-amg-8-10-1.002
cf13219 1.0 0.0 zrnl-amg-9-10-1.002
c£f13220 1.0 0.0 rnl-amg-10-10-1.002

*
c£13300 ‘’uvAa-mid-room’ add 10 1.0 0.0
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*c£13310 1.0 0.0 rnl-vmg-10-1.003

cf133t11 1.0 0.0 rni-amg-1-10-1.003
cf13312 1.0 0.0 rni-amg-2-10-1.003
cf13313 1.0 0.0 rni-amg-3-10-1.003
cf13314 1.0 0.0 rnl-amg-4-10-1.003
¢f13315 1.0 0.0 rnl-amg-5-10-1.003
cf13316 1.0 0.0 rnl-amg-6-10-1.003
cf13317 1.0 0.0 rnl-amg-7-10-1.003
cf13318 1.0 0.0 rni-amg-8-10-1.003
cf13319 1.0 0.0 rni-amg-9-10-1.003
cf13320 1.0 0.0 rnl-amg-10-10-1.003

*
¢f13400 ’uAa-sump’ add 10 1.0 0.0
*c£13410 1.0 0.0 rnl-vmg-10-1.004

cf13411 1.0 0.0 rni-amg-1-10-1.004
cf13412 1.0 0.0 rnl-amg-2-10-1.004
cf13413 1.0 0.0 rni-amg-3-10-1.004
cf13414 1.0 0.0 rnl-amg-4-10-1.004
cf13415 1.0 0.0 rnl-amg-5-10-1.004
cf13416 1.0 0.0 rni-amg-6-10-1.004
cf13417 1.0 0.0 rni-amg-7-10-1.004
cf13418 1.0 0.0 rnl-amg-8-10-1.004
cf13419 1.0 0.0 rnl-amg-9-10-1.004
cf13420 1.0 0.0 rnil-amg-10-10-1.004

%

%

c£22000 ’csVa-top-dome’ equals 1 1.0 0.0
cf22010 1.0 0.0 rnl-vmg-2-1.010

*

cf22100 ’csVa-dome’ equals 1 1.0 0.0
¢£22110 1.0 0.0 rnil-vmg-2-1.001

%

cf22200 ’csVa-low-dw’ equals 1 1.0 0.0
cf22210 1.0 0.0 rnl-vmg-2-1.002

F

c¢f22300 ’csVa-mid-room’ equals 1 1.0 0.0
¢f22310 1.0 0.0 rni-vmg-2-1.003

*

cf22400 ‘’csVa-sump’ equals 1 1.0 0.0
cf22410 1.0 0.0 rni-vmg-2-1.004

"

cf24000 ‘’iVa-top-dome’ equals 1 1.0 0.0
¢£24010 1.0 0.0 rni-vmg-4-1.010

*

cf24100 ’iVa-dome’ equals 1 1.0 0.0

cf24110 1.0 0.0 rnl-vmg-4-1.001
%
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c£24200
cf24210
*
cf£24300
cf24310
*
cf24400
cf£24410
*
c£23000
cf23010
*
c£23100
c£23110
*
c£23200
cf23210
*
cf23300
cf23310
*
c£23400
cf23410
*
*
c£32000
cf£32010
*
c£32100
cf32110
*
c£32200
c£32210
*
c£32300
c£32310
*
c£32400
cf32410
*
c£34000
cf34010
*
c£34100
cf34110
*
c£34200

’iVa-low-dw’ wequals 1 1.0 0.0
1.0 0.0 rni-vmg-4-1.002

’iVa-mid-room’ equals 1 1.0 0.0
1.0 0.0 rni-vmg-4-1.003

*iVa-sump’ equals 1 1.0 0.0
1.0 0.0 rni-vmg-4-1.004

'uVa-top-dome’ equals 1 1.0 0.0
1.0 0.0 rni-vmg-10-1.010

’uVa-dome’ equals 1 1.0 0.0
1.0 0.0 rni-vmg-10-1.001

'uVa-low-dw’ equals 1 1.0 0.0
1.0 0.0 zrnl-vmg-10-1.002

’uVa-mid-room’ equals 1 1.0 0.0
1.0 0.0 rnl-vmg-10-1.003

’uVa-sump’ equals 1 1.0 0.0
1.0 0.0 rni-vmg-10-1.004
’csAp-top-dome’ equals 1 1.0 0.0

1.0 0.0 rni-aml-2-1.010

'csAp-dome’ equals 1 1.0 0.0
1.0 0.0 rnil-aml-2-1.001

’csAp-low-dw’ equals 1 1.0 0.0
1.0 0.0 rnl-aml-2-1.002

’csAp-mid-room’ equals {1 1.0 0.0
1.0 0.0 rnil-aml-2-1.003

’csAp-sump’ equals 1 1.0 0.0
1.0 0.0 rnl-aml-2-1.004

’iAp-top-dome’ equals 1 1.0 0.0
1.0 0.0 rnl-aml-4-1.010

’iAp-dome’ equals 1 1.0 0.0
1.0 0.0 rni-aml-4-1.001

’iAp-low-dw’ wequals 1 1.0 0.0
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cf£34210
*
cf34300
c£34310
*
cf34400
cf£34410
*
c£33000
c£33010
*
c£33100
cf33110
*
¢£33200
c£33210
*
c£33300
c£33310
*
¢cf£33400
c£33410
*
*
c£42000
c£42010
*
cf42100
cf42110
*
cf£42200
cf£42210
%
c£42300
cf42310
*
cf42400
cf42410
*
c£44000
c£44010
*
cf£44100
cf44110
*
c£44200
cf44210

1.0 0.0 rni-aml-4-1.002

’iAp-mid-room’ equals 1 1.0 0.0
1.0 0.0 rnl-aml-4-1.003

’iAp-sump’ equals 1 1.0 0.0
1.0 0.0 rni-aml-4-1.004

’ulp-top-dome’ equals 1 1.0 0.0
1.0 0.0 rnl-aml-10-1.010

’uAp-dome’ equals 1 1.0 0.0
1.0 0.0 rni-aml-10-1.001

’udp-low-dw’ equals 1 1.0 0.0
1.0 0.0 rnl-aml-10-1.002

’uAp-mid-room’ equals 1 1.0 0.0
1.0 0.0 rni-aml-10-1.003

’udp-sump’ equals 1 1.0 0.0
1.0 0.0 rni-aml-10-1.004
*csVp-top-dome’ equals 1 1.0 0.0

1.0 0.0 rnil-vml-2-1.010

’c¢csVp-dome’ equals 1 1.0 0.0
1.0 0.0 rni-vml-2-1.001

’csVp-low-dw’ equals 1 1.0 0.0
1.0 0.0 rni-wvml-2-1.002

’csVp-mid-room’ equals 1 1.0 0.0
1.0 0.0 rni-vml-2-1.003

csVp-sump’ equals 1 1.0 0.0
1.0 0.0 rnl-vml-2-1.004

’iVp-top-dome’ equals 1 1.0 0.0
1.0 0.0 rni-vml-4-1.010

’iVp-dome’ equals 1 1.0 0.0
1.0 0.0 rni-vml-4-1.001

’iVp-low-dw’ wequals 1 1.0 0.0
1.0 0.0 rni-vml-4-1.002
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*

c£44300
cf44310
*

cf44400
cf44410
*

c£43000
cf43010
*

cf43100
cf43110
*

c£43200
cf43210
*

cf43300
cf43310
*

¢£43400
cf43410
*

c£52000
c£52010
cf52011
*

c£52100
cf52110
cf52111
%

c£562200
c£52210
cf52211
*

c£52300
c£52310
cf52311
*

c£52400
c£52410
cf52411
*

c£54000
cf£54010
cf54011
*

cf54100

’iVp-mid-room’ equals 1 1.0 0.0
1.0 0.0 rni-vml-4-1.003

’iVp-sump’ equals 1 1.0 0.0
1.0 0.0 rni-vml-4-1.004

'uVp-top-dome’ equals 1 1.0 0.0
1.0 0.0 rnil-vml-10-1.010

'uVp-dome’ equals 1 1.0 0.0
1.0 0.0 rnl-vml-10-1.001

’uVp-low-dw’ equals 1 1.0 0.0
1.0 0.0 rni-vml-10-1.002

’uVp-mid-room’ equals 1 1.0 0.0
1.6 0.0 rni-vml-10-1.003

'uVp-sump’ equals 1 1.0 0.0
1.0 0.0 rnl-vml-10-1.004

’cs-atms-top-dome’ add 2 1.0 0.0
1.0 0.0 cfvalu.120
1.0 0.0 cfvalu.220

‘cs-atms-dome’ add 2 1.0 0.0
1.0 0.0 cfvalu.121
1.0 0.0 cfvalu.221

’cs-atms-low-dw’ add 2 1.0 0.0
1.0 0.0 cfvalu.122
1.0 0.0 cfvalu.222

‘cs-atms-mid-room’ add 2 1.0 0.0
1.0 0.0 cfvalu.123
1.0 0.0 cfvalu.223

’cs-atms-sump’ add 2 1.0 0.0
1.0 0.0 cfvalu.124

1.0 0.0 cfvalu.224
’i-atms-top-dome’ add 2 1.0 0.0
1.0 0.0 cfvalu.140

1.0 0.0 cfvalu.240

’i-atms-dome’ add 2 1.0 0.0
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cf£54110
cfb4111
*

c£54200
cf54210
cf54211
*

cf54300
c£54310
cfb4311
*

c£54400
cf54410
cfb4411
*

c£53000
cf53010
cf53011
*

c£53100
cf53110
cfb3111
*

c£53200
cf53210
cfb3211
*

c£53300
cfb3310
cf53311
*

c£53400
cf53410
cf53411
*

*

c£62000
cf£62010
cf£62011
*

c£62100
cf62110
cf62111
*

c£62200
cf62210
cf62211

1.0 0.0 cfvalu.141
1.0 0.0 cfvalu.241
’j-atms-low-dw’ add 2 1.0 0.0
1.0 0.0 cfvalu.142
1.0 0.0 cfvalu.242

'j-atms-mid-room’ add 2 1.0 0.0
1.0 0.0 cfvalu.143
1.0 0.0 cfvalu.243

’i-atms-sump’ add 2 1.0 0.0
1.0 0.0 cfvalu.144
1.0 0.0 cfvalu.244

’u-atms-top-dome’ add 2 1.0 0.0
1.0 0.0 cfvalu.130
1.0 0.0 cfvalu.230

‘u-atms-dome’ add 2 1.0 0.0
1.0 0.0 c¢fvalu.131
1.0 0.0 c¢fvalu.231

'u-atms-low-dw’ add 2 1.0 0.0
1.0 0.0 cfvalu.132
1.0 0.0 cfvalu.232

’u-atms-mid-room’ add 2 1.0 0.0
1.0 0.0 cfvalu.133
1.0 0.0 c¢fvalu.233

’u-atms-sump’ add 2 1.0 0.0
1.0 0.0 cfvalu.1i34
1.0 0.0 cfvalu.234

’cs-pool-top~dome’ add 2 1.0 0.0
1.0 0.0 cfvalu.320
1.0 0.0 cfvalu.420

‘cs-pool-dome’ add 2 1.0 0.0
1.0 0.0 cfvalu.321
1.0 0.0 cfvalu.421

’cs-pool-low-dw’ add 2 1.0 0.0

1.0 0.0 cfvalu.322
1.0 0.0 <cfvalu.422
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*

c£62300
cf62310
cf62311
*

c£62400
c£62410
cf62411
*

cf64000
c£64010
cf64011
*

cf64100
cf64110
cf64111
*

c£64200
c£64210
cf64211
%

c£64300
cf64310
cf64311
*

cf64400
cf64410
cf64411
*

c£63000
cf63010
cf63011
*

c£63100
c£63110
cf63111
*

c£63200
cf63210
cf63211
*

c£63300
c£63310
cf63311
*

c£63400
cf63410

’cs-pool-mid-room’
1.0 0.0 cfvalu.323
1.0 0.0 cfvalu.423

*cs-pool-sump’
1.0 0.0 cfvalu.324
1.0 0.0 cfvalu.424

’i-pool-top-dome’
1.0 0.0 cfvalu.340
1.0 0.0 cfvalu.440

’i-pool-dome’
1.0 0.0 cfvalu.341
1.0 0.0 cfvalu.441i

'i-pool-low-dw’ add
1.0 0.0 cfvalu.342
1.0 0.0 cfvalu.442

’i-pool-mid-room’
1.0 0.0 cfvalu.343
1.0 0.0 cfvalu.443

’i-pool-sump’
1.0 0.0 cfvalu.344
1.0 0.0 cfvalu.444

’u-pool-top-dome’
1.0 0.0 cfvalu.330
1.0 0.0 cfvalu.430

'u-pool-dome’
1.0 0.0 cfvalu.331
1.0 0.0 cfvalu.431

’u-pool-low~-dw’ add
1.0 0.0 cfvalu.332
1.0 0.0 cfvalu.432

’u-pool-mid-room’
1.0 0.0 cfvalu.333
1.0 0.0 cfvalu.433

’u-pool-sump’
1.0 0.0

cfvalu.334

add 2

add 2

add 2

add 2

add 2

add 2

add 2

add 2

add 2

1.0 0.0

1.6 0.0

1.0 0.0

1.0 0.0

2 1.0 0.0

1.0 0.0

1.6 0.0

1.0 0.0

add 2 1.0 0.0

2 1.0 0.0

1.6 0.0

1.0 0.0
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cf63411
*

*

sk ke ok ok ok ok kKKK K KoK oK R R R R R kK Kk KKK K KK ok ok o o s o o s ok o R ok ok R KoK R oK sk sk ok SRk ok ok ok ok
kKoK k heat structures

sk 3k Sk ok e 3k 3K 3 sk sk sk 2k o s ok 2 e ok ok sk ok ok ok ok 2k ok ok ok ok 2k sk ok sk sk sk sk kol e e ke s ok sk ok ok ok sk sk ok sk ok sk Sk sk gk sk ok ok sk ok ok sk ok ok ok ok sk sk ok
%

1.0 0.0 <cfvalu.434

* £ilm tracking input
*
hsft00000 &

hsft00100 00002 1 0.0 O 0.0 O

hsft00101 00100 1.0 1.0

hsft00200 00100 1 0.0 0 0.0 O

hsf£00201 00001 1.0 1.0

hsft00300 00001 1 0.0 O 0.0 O -775 -776 0 O
hsf£t00301 00002 1.0 1.0

hsft00400 00002 1 0.0 0 0.0 O

hsft00401 00014 1.0 1.0

hsft00500 00014 0 0.0 0 0.0 O

%

kok sk ok structure 100 - cyl outer vessel - main room above spray header
koK koK

hs00100000 12 2 0

hs00100001 vi-si

hs00100002 8.037 1.0

hs00100100 -1 1 3.810
hs00100102 3.8101 2

hs00100103 3.8102519 3

hs00100104 3.810635 4

hs00100105 3.816102 5

hs00100106 3.821568 6

hs00100107 3.827035 7

hs00100108 3.842435 8

hs00100109 3.846125 9

hs00100110 3.849916 10

hs00100111 3.851435 11

hs00100112 3.852435 12

hs00100200 -1

hs00100201 paint 3

hs00100202 steel 6

hs00100203 insul 11

hs00100300 -1

hs00100400 1 10 ext 0.0 1.0
hs00100401 0.80 gray-gas-a 1.0

hs00100500 268.0 5.0 1.0

hs00100600 1 5 ext 0.0 1.0
hs00100700 268.0 5.0 1.0
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3k ok ok ok ok ok 3k ok ok %k
K K K ok sk e o ok ok sk ok sk oK ok ok ok ok ok ok ok ok ok ok oK oK ok oK ok ok ok 3K ok oK ok ok sk ok sk ok ok ok sk sk sk sk sk sk sk sk ok ok ok sk ok sk sk ok sk ok ok sk ok ok ok ok ok ok

*okkokok structure 1 - cyl outer vessel - main room
Kok kokok

hs00001000 12 2 0
hs00001001 vi-si

hs00001002 -1.676 1.0

hs00001100 -1 1 3.810
hs00001102 3.8101 2

hs00001103 3.8102519 3

hs00001104 3.810635 4

hs00001105 3.816102 5

hs00001106 3.821568 6

hs00001107 3.827035 7

hs00001108 3.842435 8

hs00001109 3.846125 9

hs00001110 3.849916 10

hs00001111 3.851435 11

hs00001112 3.852435 12

hs00001200 -1

hs00001201 paint 3

hs00001202 steel 6

hs00001203 insul 11

hs00001300 -1

hs00001400 1 1 ext 0.0 1.0
hs00001401 0.80 gray-gas-a 1.00
hs00001500 268.0 5.0 9.7
hs00001600 1 5 ext 0.0 1.0
hs00001700 268.0 5.0 9.7
ook koK ko ok

*okok ok k structure 2 - sph outer vessel - top - main room
Kook ok

hs00002000 12 1 0
hs00002001 vi-s2

hs00002002 9.10 0.0

hs00002100 -1 1 0.0
hs00002102 0.0001 2

hs00002103 0.0002519 3

hs00002104 0.000635 4

hs00002105 0.006568 5

hs00002106 0.012502 6

hs00002107 0.018435 7

hs00002108 0.033835 8

hs00002109 0.037525 9

hs00002110 0.041316 10

hs00002111 0.042835 11

hs00002112 0.043835 12
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hs00002200 -1

hs00002201 paint 3

hs00002202 steel 6

hs00002203 insul 11

hs00002300 0

hs00002400 1 10 ext 0.0 1.0
hs00002401 0.80 gray-gas-a 1.00

hs00002500 81.8 5.0 9.0

hs00002600 1 5 ext 0.0 1.0
hs00002700 81.8 5.0 9.0

sk ke o ok ok oK koK Kok

sokokok ok structure 3 - 1/3 main floor - above middle room
*okokokok

hs00003000 9 1 0

hs00003001 vi-s3 )

hs00003002 -1.683 -0.0001

hs00003100 -1 1 0.0

hs00003102 0.0003175 2

hs00003103 0.000635 3

hs00003104 0.003018 4

hs00003105 0.005400 5

hs00003106 0.007783 6

hs00003107 0.010165 7

hs00003108 0.010483 8

hs00003109 0.010800 9

hs00003200 -1

hs00003201 paint 2

hs00003202 steel 6

hs00003203 paint 8

hs00003300 0

hs00003400 1 1 ext 0.0 1.0
hs00003401 0.80 gray-gas-a 1.00

hs00003500 12.3 2.0 3.5

hs00003600 1 3 ext 0.0 1.0
hs00003601 0.80 gray-gas-a 1.00

hs00003700 12.3 2.0 3.5

kook ok ok ok ok ok ok

* ok Kk structure 4 - 2/3 main floor - above wetwell
Fokkok K

hs00004000 9 1 0

hs00004001 vi-s4

hs00004002 -1.683 -0.0001

hs00004100 -1 0.0

1
hs00004102 0.0003175 2
hs00004103 0.000635 3
hs00004104 0.003018 4
hs00004105 0.005400 5
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hs00004106
hs00004107
hs00004108
hs00004109
hs00004200
hs00004201
hs00004202
hs00004203
hs00004300
hs00004400
hs00004401
hs00004500
hs00004600
hs00004700
okok ok ko Rk
Kk ok ok

kokokokok

hs00005000
hs00006001
hs00005002
hs00005100
hs00005102
hs00005103
hs00005104
hs00005105
hs00005106
hs00005107
hs00005200
hs00005201
hs00005202
hs00005300
hs00005400
hs00005401
hs00005500
hs00005600
ok ok ok ok ok ok ok
KKK KK

Hookok ok k

hs00006000
hs00006001
hs00006002
hs00006100
hs00006102
hs00006103
hs00006104
hs00006105
hs00006106

0.007783 6
0.010165 7
0.010483 8
0.010800 9
-1
paint 2
steel 6
paint 8
0
1 1 ext 0.0 1.0
0.80 gray-gas-a 1.00
24.5 2.0 4.9
1 6 ext 0.0 1.0
24.5 2.0 4.9

structure 5 - misc. main room

7 1 0
vl-sb
-1.676 1.0
-1 1 0.0
0.0001 2
0.0002519 3
0.000635 4
0.001 5
0.002519 6
0.004867 7
-1
paint 3
steel 6
0
1 1 ext 0.0 1.0
0.80 gray-gas-a 1.00
162.2 2.0 2.0
0

structure 6 - 1/3 drywell vessel - dry/middle rooms

9 1 0
v2-s6
-5.92 1.
-1
.0003175
.000635
.004885
.009135
.013385

O O OO O
DD WN= O




hs00006107
hs00006108
hs00006109
hs00006200
hs00006201
hs00006202
hs00006203
hs00006300
hs00006400
hs00006401
hs00006500
hs00006600
hs00006601
hs00006700
ok ok Kok
*okkokok

ok ok ok

hs00007000
hs00007001
hs00007002
hs00007100
hs00007102
hs00007103
hs00007104
hs00007105
hs00007106
hs00007107
hs00007108
hs00007109
hs00007200
hs00007201
hs00007202
hs00007203
hs00007300
hs00007400
hs00007401
hs00007500
hs00007600
hs00007700
KoKk ok oK koK K
Kook koK

Fok koK

hs00008000
hs00008001
hs00008002
hs00008100
hs00008102

0.017635 7

0.017953 8

0.018270 9
-1

paint 2
steel 6
paint 8

0

1 2 ext 0.0 1.0
0.80 gray-gas-a 1.00

14.9 3.0 4.2

1 3 ext 0.0 1.0
0.80 gray-gas-a 1.00

14.9 3.0 4.2

structure 7 - 2/3 drywell vessel - dry/wetwell rooms

9 1 0

v2-s87
-5.92 1.0

-1 1 0.0
0.0003175 2
0.000635 3
0.004885 4
0.009135 5
0.013385 6
0.017635 7
0.017983 8
0.018270 9

-1
paint 2
steel 6
paint 8

0

1 2 ext 0.0 1.0

0.80 gray-gas-a 1.00

29.8 3.0 4.2

1 6 ext 0.0 1.0
29.8 3.0 4.2

structure 8 - drywell lower head

9 1 0]
v2-s8
-6.56 -0.0001
-1 1 0.0

0.0003175 2
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hs00008103 0.000635 3

hs00008104 0.005010 4

hs00008105 0.009385 5

hs00008106 0.01376 6

hs00008107 0.018135 7

hs00008108 0.018453 8

hs00008109 0.018770 9

hs00008200 -1

hs00008201 paint 2

hs00008202 steel 6

hs00008203 paint 8

hs00008300 0

hs00008400 1 2 ext 0.0 1.0
hs00008401 0.80 gray-gas-a 1.00

hs00008500 11.5 1.5 3.4

hs00008600 1 4 ext 0.0 1.0
hs00008601 0.80 gray-gas-a 1.00

hs00008700 11.5 1.5 3.4

s keok sk ok sk ok ok sk

*okokokok structure 9 - outer vessel - cyl - middle room
kK ok

hs00009000 12 1 0

hs00009001 v3-89

hs000092002 -6.553 1.0

hs000092100 -1 1 0.0

hs00009102 0.0001 2

hs00009103 0.0002519 3

hs00009104 0.000635 4

hs00009105 0.006235 5

hs00009106 0.011835 6

hs00009107 0.017435 7

hs00009108 0.032435 8

hs00009109 0.036525 9

hs00009110 0.040316 10

hs00009111 0.041835 11

hs00009112 0.042835 12

hs00009200 -1

hs00009201 paint 3

hs00009202 steel 6

hs00009203 insul 11

hs00009300 0

hs00009400 1 3 ext 0.0 1.0
hs00002401 0.80 gray-gas-a 1.00

hs00009500 38.9 3.0 4.8

hs00009600 1 5 ext 0.0 1.0
hs00009700 38.9 3.0 4.8

kK sk skl ok o
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* ok koK structure 10 - outer vessel - cyl - wetwell room

Kok KKk
hs00010000 12 1 0

hs00010001 v3-s10

hs00010002 -6.553 1.0

hs00010100 -1 1 0.0

hs00010102 0.0001 2

hs00010103 0.0002518 3

hs00010104 0.000635 4

hs00010105 0.006235 5

hs00010106 0.011835 6

hs00010107 0.017435 7

hs00010108 0.032435 8

hs0001010¢ 0.036525 9

hs00010110 0.040316 10

hs00010111 0.041835 11

hs00010112 0.042835 12

hs00010200 -1

hs00010201 paint 3

hs00010202 steel 6

hs00010203 insul 11

hs00010300 0

hs00010400 1 6 ext 0.0 1.0
hs00010500 77.8 3.0 4.8

hs00010600 1 5 ext 0.0 1.0
hs00010700 77.8 3.0 4.8

Kook ok ok ok Kok ok :

Rk ok structure 11 - middle/wetwell room dividers
Kokodok ok

hs00011000 9 1 0

hs00011001 v2-s1i

hs00011002 ~-6.553 1.0

hs00011100 -1 1 0.0

hs00011102 0.0003175 2

hs00011103 0.0008635 3

hs00011104 0.004885 4

hs00011105 0.009135 5

hs00011106 0.013385 6

hs00011107 0.017635 7

hs00011108 0.017953 8

hs00011109 0.018270 9

hs00011200 -1

hs00011201 paint 2

hs00011202 steel 6

hs00011203 paint 8

hs00011300 0

hs00011400 1 3 ext 0.0 1.0
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hs00011401 0.80 gray-gas-a 1.00

hs00011500 20.8 3.0 4.8
hs00011600 1 6 ext 0.0 1.0
hs00011700 20.8 3.0 4.8
okok ok ok ok ok Kok

*ok ok kK structure 12 - middle room floor
ok ok kok

hs00012000 ° 1 0
hs00012001 v4-s12

hs00012002 -6.56 -0.0001

hs00012100 -1 1 0.0
hs00012102 0.0003175 2

hs00012103 0.000635 3

hs00012104 0.003018 4

hs00012105 0.005400 5

hs00012106 0.007783 6

hs00012107 0.010165 7

hs00012108 0.010483 8

hs00012109 0.010800 ]

hs00012200 -1

hs00012201 paint 2

hs00012202 steel 6

hs00012203 paint 8

hs00012300 0]

hs00012400 1 3 ext 0.0 1.0
hs00012401 0.80 gray-gas-a 1.00
hs00012500 12.3 2.0 3.5
hs00012600 1 4 ext 0.0 1.0
hs00012601 0.80 gray-gas-a 1.00
hs00012700 12.3 2.0 3.5
Akok ok o ok ok k ok

koK ok structure 13 -~ wetwell room floor
ok ok K

hs00013000 9 1 0
hs00013001 v4-s13

hs00013002 -6.56 -0.0001

hs00013100 -1 1 0.0
hs00013102 0.0003175 2

hs00013103 0.000635 3

hs00013104 0.003018 4

hs00013105 0.005400 5

hs00013106 0.007783 6

hs00013107 0.010165 7

hs00013108 0.010483 8

hs00013108 0.010800 9

hs00013200 -1

hs00013201 paint 2
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hs00013202 steel 6

hs00013203 paint 8

hs00013300 0

hs00013400 1 6 ext 0.0 1.0
hs00013500 24.5 2.0 4.9

hs00013600 1 4 ext 0.0 1.0
hs00013601 0.80 gray-gas-a 1.00

hs00013700 24.5 2.0 4.9

sookokok ok kK KKK

*okkok ok structure 14 - outer vessel lower head
%ok ok ok ok

hs00014000 12 1 0

hs00014001 v4-s14

hs00014002 -9.69 -0.01

hs00014100 -1 1 0.0

hs00014102 0.0001 2

hs00014103 0.0002519 3

hs00014104 0.000635 4

hs00014105 0.006568 5

hs00014106 0.012502 6

hs00014107 0.018435 7

hs00014108 0.033835 8

hs00014109 0.037525 9

hs00014110 0.041316 10

hs00014111 0.042835 11

hs00014112 0.043835 12

hs00014200 -1

hs00014201 paint 3

hs00014202 steel 6

hs00014203 insul 11

hs00014300 0

hs00014400 1 4 ext 6.0 1.0
hs00014401 0.80 gray-gas-a 1.00

hs00014500 101.4 3.0 9.0
hs00014600 1 5 oxt 0.0 1.0
hs00014700 i01.4 3.0 9.0

sk ok sk ok o ok ok ok sk ok

*okokok Kk structure 15 - misc. middle room
*dokok ok

hs00015000 7 1 0

hs00015001 vi-s15

hs00015002 -6.553 1.0

hs00015100 -1 1 0.0

hs00015102 0.0001 2

hs00015103 0.0002519 3

hs00015104 0.000635 4

hs00015105 0.001 5
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hs00015106
hs00015107
hs00015200
hs00015201
hs00015202
hs00015300
hs00015400
hs00015401
hs00015500
hs00015600
ok ok ok sk ook o o o
Fokokok ok ok kokok
* KK KK

*okokok ok

hs00016000
hs00016001
hs00016002
hs00016100
hs00016102
hs00016103
hs00016104
hs00016105
hs00016106
hs00016107
hs00016200
hs00016201
hs00016202
hs00016300
hs00016400
hs00016401
hs00016500
hs00016600
Aok Kok ok k
kK okok ok ok
Aok okok

Aokokok ok

hs00017000
hs00017001
hs00017002
hs00017100
hs00017102
hs00017103
hs00017104
hs000171058
hs00017106
hs00017107
hs00017200

ext 0.0

0.80 gray-gas-a 1.00

0.002519 6
0.004867 7
-1
paint 3
steel 6
0
1 3
27.8 2.0
o

structure 16 - misc.

2.0

lower room

0.0

ext 0.0

0.80 gray-gas-a 1.00

7 1
vi-s16

-9.69 1.0
-1 1
0.0001 2
0.0002519 3
0.000635 4
0.001 5
0.002519 6
0.004867 7

-1
paint 3
steel 6

0
1 4
41.3 2.0

0

7
vi-s817

-6.563 1.

-1
.0001
.0002519
.000635
.001
.002519
.004867

-1

O O O OO0 O

~NO T b WN O

2.0

structure 17 - misc. wetwell room

0.0

221

1.0

1.0




hs00017201
hs00017202
hs00017300
hs00017400
hs00017500

hs00017600
Kokkokok ok ok kKoK

6 ext

0.0
2.0

1.0

sk ok sk s ok ok ok ok ok ok ok ok ok e ok ok ok sk ok ok sk ok ok s ok sk sk ok ok ok sk ok ok sk e ok ok sk ok e ok ok ok ok ok ok ok sk ok sk ke ok ok ke sk sk ke sk ok ok sk ok ok ok o sk ok ok ok ok ok

* ok kokok

material properties

ok ok 2k ok ok ok ok ok ok ok 2k 2k ok sk vk sk ok ok ok 3k ok 3k 3k K ok s sk 3k ok ok ok 2k 3k ok 3k ok ok k ok 3k 3 ok ok ok 2k 3k ok ok ok ok ok ok ok sk ok ok ok ok 3k 3k ok sk % 3k ok ok ok ok ok k

kKoK
ook kok
mpmat00100
mpmat00101
mpmat00102
mpmat00103
*okokokok
t£00500
t£00511
t£00512
t£00600
t£00611
t£00612
t£00700
t£00711
t£00712

ok >k %k ok Xk

sk kokok
oKk ok
mpmat00200
mpmat00201
mpmat00202
mpmat00203
skokok ok
t£00800
t£00811
t£00812
t£00900
t£00911
t£00912
t£01000
t£01011
t£01012

* ok ok

e 3k ok ok
%k K %k k

mpmat00300

steel

steel
rho
cps
the

rho-steel
200.0
5000.0
cps-steel
200.0
5000.0
thc-steel
200.0
5000.0

paint

paint
rho
cps
the

rho-paint
200.0
5000.0
cps-paint
200.0
5000.0
thc-paint
200.0
5000.0

insulation

insul

(o]

7850.0
7850.0

500.0
500.0

47.0
47.0

10

1190.0

1190.0

1880.0
1880.0

0.170
0.170

1.0

1.0

1.0

0.0

0.0

0.0

0.0

0.0

0.0




mpmat00301  rho 11

mpmat00302 c¢ps 12

mpmat00303  thc 13

®okokokok

t£01100 rho-insul 2 1.0 0.0
tf01111 200.0 64.0

t£01112 5000.0 64.0

t£01200 cps-insul 2 1.0 0.0
t£01211 200.0 840.0 '
t£01212 5000.0 840.0

t£01300 thc-insul 2 1.0 0.0
t£01311 200.0 0.047

t£01312 5000.0 0.047

kKoK ok

sk sk sk 3k 3 sk ok ok o ok ke ok 3k 3 ok ok 3k ok 3k ok oK 3k k¢ ok Dk sk sk ok 3k ok sk e sk ok s ok sk ok s Sk sk sk sk Sk s sk sk ok sk ok Sk ok ok ok ok 3K %k 3K oK ok ok 3k ok ok ok ok ok ok ok ok ok ok

sk

*eor* melcor

*

stk sttt ko ok ok ook ook sk ok ok ok sk ok sk sk ok sk sk s sk ok s sk s s s ke ke ok ok ok kK 3K 3k ok sk sk s o s sk o ok sk sk ok ok ok sk ok sk sk ok oo ok sk s ok ok ok ok
*okkok ok

sk ok ok this is a melcor test calculation for the cse containment
KKKk spray experiment a9.
sk ok ok

sk sokok ook sk ook sk ksl sk ook st sk olsk kol kol ok sk kol ko stk ook sk sk ok ok ok o KoKk o Kok o ok kKo ok ok
Fkkok ok

*

rnedtflg 0 1 O

sc70001 7000 1.0e-15 1

*
outputf  cse9.out
diagf cse9.dia

messagef csef.mes
restartf c¢se9.rst
plotf cse9.ptf
%

cpuleft 20.0
cpulim 99999.0

tend 18000.0
restart -1

*

exacttimel 0.0
exacttime2 1800.0
exacttime3 1980.0
exacttime4 3300.0
exacttimeb 3480.0
exacttime6 5400.0
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exacttime7 6000.0
exacttime8 12600.0
exacttime9 16200.0
*

*dttime 1.0

*

time0 0.0 60.0 0.00001 600.0 60.0 5000.0
timel 620.0 20.0 0.00001 600.0 60.0 5000.0
time2 1800.0 2.0 0.00001 100.0 10.0 5000.0
time3 1980.0 20.0 0.00001 1000.0 60.0 5000.0
time4 3330.0 2.0 0.00001 100.0 10.0 5000.0
timeb 3480.0 20.0 0.00001 1000.0 60.0 5000.0
time6 5400.0 10.0 0.00001 300.0 10.0  5000.0
time7 6000.0 20.0 0.00001 3000.0 300.0 5000.0
time8 12600.0 20.0 0.00001  1000.0 20.0 5000.0
time9 16200.0 20.0 0.00001 1000.0  200.0 5000.0

*
title ’CSE A-9°
3k 3 3k e vk 3 3k 3k 3k 3k 3k sk o sk sk oK ok 3k sk ke ok e ok e 3k e ok sk sk sk 3k ke sk sk st ok Sk 3K sk sk ok ok sk ok ok ok ok 3k Sk sk ok sk sk sk 3k sk sk dk sk ok sl ok sk ok sk ok ok ok dk ok sk ok sk ok

*
*gor* hisplt
*
*catalog
*
file=cse9.ptf
sk
startuf
*
uf.1 equals s5=0.0 a=1.0
+ time
*
uf.11 equals
+ cfvalu.121
*
uf.12 equals
+ time
%
uf .13 divide
+ uf.il
+ uf.17
*
uf.14 log
+ uf.13
*
° uf.15 add
+ uf.12 s=-1.0
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+ uf.18

*

uf.16 divide
+ uf.14

+ uf.16

%*

uf .17 equals
+ uf.11

*

uf.18 equals
+ uf.12

*k

uf .19 divide
+ uf.1

+ uf.16

*

uf .21 equals
+ cfvalu.241
*

uf .22 equals
+ time

b 3

uf .23 divide
+ uf.21

+ uf .27

*

uf.24 log

+ uf.23

*

uf .25 add

+ uf.22 s=-1.

+ uf .28

*

uf .26 divide
+ uf.24

+ uf.25

%

uf .27 equals
+ uf.21

*k

uf .28 equals
+ uf.22

%

uf.29 divide
+ uf.1

+ uf.26
*

8=60.0

init=1.0

init=1.0

5=0.69315

s=60.0

init=1.0

init=1.0

5=0.69315
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uf.31 equals
+ cfvalu.131

*

uf.32 equals

+ time

%

uf.33 divide

+ uf.31

+ uf.37

*

uf.34 log

+ uf.33

*

uf.35 add

+ uf.32 s=-1.0

+ uf.38

*

uf.36 divide s=60.0
+ uf.34

+ uf.35

*

uf.37 equals init=1.0
+ uf.31

sk

uf .38 equals init=1.0
+ uf.32

*

uf.39 divide s=0.69315
+ uf.1

+ uf.36

*

enduf

*

vlabel,CPU Time (()s)

ulabel,Time (()s)

plot time cpu line=solid legend=’Total’

plot time cvh-cput nf line=mdash legend=’CVH’
plot time hs~cpuc nf line=dotdash legend=’HS’
plot time rnl-cput nf line=ldash legend=’RN1’
plot time rn2-cput nf line=dot legend=’RN2’
legend,ul

*

vlabel,Time Step (()s)

ulabel,Time (()s)

plot time dt line=solid legend=’0Overall’

legend,bottom
*
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vlabel,Pressure (()Pa)

ulabel,Time (()s)

plot time cvh-p.001 line=solid symbol=! legend=’Dome’

cplot time cvh-p.002 line=solid symbol=? legend=’Lower Drywell’
cplot time cvh-p.003 line=solid symbol=> legend=’Middle Room’
cplot time cvh-p.004 line=solid symbol=" legend=’Lower Room (Sump)’
cplot time cvh-p.010 line=solid symbol=; legend=’Upper Dome’

data line=dot legend=’Data’

*readfile cse.dat p9

legend,ur

%

vlabel,Dome Vapor Temperature (()K)

ulabel,Time (()s)

plot time cvh-tvap.001 line=solid symbol=! legend=’Dome’

cplot time cvh-tvap.010 line=solid symbol=; legend=’Upper Dome’
data line=dot legend=’Data’

xreadfile cse.dat t9

legend,lr

*

vlabel,Vapor Temperature (()K)

ulabel,Time (()s)

plot time cvh-tvap.001 line=solid symbol=! legend=’Dome’

cplot time cvh-tvap.002 line=solid symbol=? legend=’Lower Drywell’
cplot time cvh-tvap.003 line=solid symbol=> legend=’Middle Room’
cplot time cvh-tvap.004 line=solid symbol=" legend=’Lower Room (Sump)’
cplot time cvh-tvap.010 line=solid symbol=) legend=’Upper Dome’
data line=dot legend=’Data’

xreadfile cse.dat t9

legend,1lr

%

vlabel,Temperature (()K)

ulabel,Time (()s)

plot time cvh-tvap.001 line=sdash symbol=! legend=’Dome’

cplot time cvh-tvap.010 line=sdash symbol=& legend=’Upper Dome’
cplot time cvh-tvap.002 line=sdash symbol=< legend=’Drywell (Atms)’
cplot time cvh-t1iq.002 line=solid symbol=7? legend=’Drywell (Pool)’
cplot time cvh-tvap.003 line=sdash symbol=@ legend=’Middle Room’
cplot time cvh-tvap.004 line=sdash symbol=\ legend=’Sump (Atms)’
cplot time cvh-tliq.004 line=solid symbol=" legend=’Sump (Pool)’
data line=dot legend=’Data’

xreadfile cse.dat t9

legend,next

*

vlabel,Dome Temperatures ((3K)

ulabel,Time (()s)

limits 1.0,-1.0 355.0,395.0

plot time cvh-tvap.001 line=solid symbol=! legend=’Atms’
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time
time
time

cplot
cplot
cplot
cplot
cplot
cplot

time
time
time

cvh-t1iq.001 line=ldash symbol=< legend=’Pool’

cvh-tsat(a).001 line=sdash symbol=Q@ legend=’T(sat)@A’
hs-temp.0000101 line=mdash symbol=" legend=’0Outer Wall’
hs-temp.0000301 line=mdash symbol=_A legend=’Floor-to-MiddleRoom’
hs-temp.0000401 line=mdash symbol=_B legend=’Floor-to-Wetwell’
hs-temp.0000501 line=mdash symbol=_C legend=’Inside Structure’

data line=dot legend=’Data’
*readfile cse.dat t9
legend,next

*

vlabel,Lower Drywell Temperatures (()K)
ulabel,Time (()s)

limits 1.0,

-1.0 355.0,395.0

plot time cvh-tvap.002 line=solid symbol=! legend=’Atms’

cplot time cvh-t1iq.002 line=ldash symbol=< legend=’Pool’

cplot time cvh-tsat(a).002 line=sdash symbol=@ legend=’T(sat)QA’

cplot time hs-temp.0000601 line=mdash symbol=" legend=’Wall-to-MiddleRoom’
cplot time hs-temp.Q000701 line=mdash symbol=_A legend=’Wall-to-Wetwell’
cplot time hs-temp.0000801 line=mdash symbol=_B legend=’Floor’

legend,next

*

vlabel,Middle Room Temperatures ({)X)

ulabel,Time (()s)

limits 1.0,-1.0 355.0,395.0

plot time cvh-tvap.003 line=solid symbol=! legend=’Atms’

cplot time cvh-t1iq.003 line=ldash symbol=< legend=’Pool’

cplot time cvh-tsat(a).003 line=sdash symbol=@ legend=’T(sat)@A’

cplot time hs-temp.0000901 line=mdash symbol=" legend=’Quter Wall’

cplot time hs-temp.0000309 line=mdash symbol=_A legend=’Roof’

cplot time hs-temp.0000609 line=mdash symbol=_B legend=’Inner Wall’

cplot time hs-temp.0001101 line=mdash symbol=_C legend=’Wall-to-Wetwell’
cplot time hs-temp.0001201 line=mdash symbol=_D legend=’Floor’

cplot time hs-temp.0001501 line=mdash symbol=_E legend=’Inside Structure’
legend,next

L3

vlabel,Sump Temperatures (()K)

ulabel,Time (()s)

limits 1.0,-1.0 355.0,395.0

plot time cvh-tvap.004 line=solid symbol=! legend=’Atms’

cplot time cvh-tliq.004 line=ldash symbol=< legend=’Pool’

cplot time cvh-tsat(a).004 line=sdash symbol=@ legend=’T(sat)QA’

cplot time hs-temp.0001401 line=mdash symbol=" legend=’Floor’

cplot time hs-temp.0000809 line=mdash symbol=_A legend=’Roof-to-LowerDrywell’
cplot time hs-temp.0001209 line=mdash symbol=_B legend=’Roof-to-MiddleRoom’
cplot time hs-temp.0001309 line=mdash symbol=_C legend=’Roof-to-Wetwell’
cplot time hs-temp.0001601 line=mdash symbol=_E legend=’Inside Structure’
legend,next
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*

vlabel,Dome Pressures (()Pa)

ulabel,Time (()s)

plot time cvh-p.001 line=solid symbol=! legend=’Total’

cplot time cvh-ppart.3.001 line=sdash symbol=< legend=’Steam’
cplot time cvh-ppart.4.001 line=dot symbol=Q legend=’N@2’
cplot time cvh-ppart.5.001 line=dot symbol=\ legend=’0@2’
-legend,ur

*

vlabel,Lower Drywell Pressures (()Pa)

ulabel,Time (()s)

plot time cvh-p.002 line=solid symbol=! legend=’Total’

cplot time cvh-ppart.3.002 line=sdash symbol=< legend=’Steam’
cplot time cvh-ppart.4.002 line=dot symbol=Q@ legend=’N02’
cplot time cvh-ppart.5.002 line=dot symbol=\ legend=’002’
legend,ur

P

vlabel,Middle Room Pressures (()Pa)

ulabel,Time (()s)

plot time cvh-p.003 line=solid symbol=! legend=’Total’

cplot time cvh-ppart.3.003 line=sdash symbol=< legend=’Steam’
cplot time cvh-ppart.4.003 line=dot symbol=@ legend=’N@2°’
cplot time cvh-ppart.5.003 line=dot symbol=\ legend=’0@2’
legend,ur

*

vlabel,Sump Pressures (()Pa)

ulabel,Time (()s)

plot time cvh-p.004 line=solid symbol=! legend=’Total’

cplot time cvh-ppart.3.004 line=sdash symbol=< legend=’Steam’
cplot time cvh-ppart.4.004 line=dot symbol=@ legend=’N@2’
cplot time cvh-ppart.5.004 line=dot symbol=\ legend=’0€2’
legend,ur

*

vlabel,Dome Liquid Levels (()m)

ulabel,Time (()s)

plot time cvh-liqlev.001 line=sdash symbol=& legend=’Swollen’

cplot time cvh-cliglev.001 line=solid symbol=! legend=’Collapsed’

hline -1.676 line=dot

legend,bottom

*

vlabel,Lower Drywell Liquid Levels ((Om)

ulabel,Time (()s)

plot time cvh-1liqlev.002 line=sdash symbol=& legend=’Swollen’

¢cplot time cvh-cliqlev.002 line=solid symbol=! legend=’Collapsed’

hline -6.675 line=dot
legend,bottom
*
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vlabel,Middle Room Liquid Levels ({()m)

ulabel,Time (()s)

plot time cvh-liqlev.003 line=sdash symbol=& legend=’Swollen’
cplot time cvh-cliglev.003 line=solid symbol=! legend=’Collapsed’
hline -6.553 line=dot

legend,bottom

*

vlabel,Sump Liquid Levels ((Om)

ulabel,Time (()s)

plot time cvh-liqlev.004 line=sdash symbol=& legend=’Swollen’
cplot time cvh-cliqlev.004 line=solid symbol=! legend=’Collapsed’
hline -9.703 line=dot

legend,bottom

*

vlabel,Dome Pool Mass ({)kg)

ulabel,Time (()s)

plot time cvh-mass.1.001 line=solid symbol=& legend=’Liquid’
legend,bottom

*

vlabel,Lower Drywell Pool Mass (()kg)

ulabel,Time (()s)

plot time cvh-mass.1.002 line=solid symbol=& legend=’Liquid’
legend,bottom

*

vlabel,Middle Room Pool Mass (()kg)

ulabel,Time (()s)

plot time cvh-mass.1.003 line=solid symbol=& legend=’Liquid’
legend,bottom

*

vlabel,Sump Pool Mass (()kg)

ulabel,Time (()s)

plot time cvh-mass.1.004 line=solid symbol=& legend=’Liquid’
legend,bottom

%

vlabel,Pool Masses (()kg)

ulabel,Time (()s)

limits 1.0,-1.0 0.0,10.0e3

plot time cvh-mass.1.002 line=solid symbol=? legend=’Lower Drywell’
cplot time cvh-mass.1.004 line=solid symbol=" legend=’Lower Room (Sump)’
vscale,1.0e3,0.0

data line=dot symbol=_ legend=’Data (Lower Drywell)’
xreadfile cse-rn.dat pvdw9

vscale,1.0e3,0.0

data line=dot symbol=; legend=’Data (Sump)’

*readfile cse-rn.dat pvcv$

legend,next
*
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vlabel,Spray Flow (()m#3/s)

ulabel,Time (()s)

plot time spr-£f1.001 line=solid symbol=! legend=’Fresh’
cplot time spr-f1.002 line=sdash symbol=" legend=’Recirc’
legend,bottom

*

vlabel,Spray Temperature (()K)

ulabel,Time (()s)

plot time spr-tp.001 line=solid symbol=! legend=’Fresh’
cplot time spr-tp.002 line=sdash symbol=" legend=’Recirc’
legend,ur

%k

vlabel,CsOH Airborne Density (()kg/m#3)

ulabel,Time (()s)

limits 1.0,-1.0 1.0e-10,1.0e-5

vscale,0.00226,0.0

plot time cfvalu.121 list logv line=solid symbol=! legend=’Dome’
vscale,0.01690,0.0

cplot time cfvalu.123 logv line=solid symbol=> legend=’'Middle Room’
vscale,0.01043,0.0

cplot time cfvalu.124 logv line=solid symbol=" legend=’Lower Room/Sump’
vscale,1.0e-92,0.0

data logv line=NONE symbol=& legend=’Data (Dome}’

*readfile cse-rn.dat cd9p

vscale,1.0e-9,0.0

data logv line=sdash

*readfile cse-rn.dat cdoc

vscale,1.0e-9,0.0

data logv line=NONE symbol=@ legend=’Data (Middle Room)’

*readfile cse-rn.dat cmOp

vscale,1.0e-9,0.0

data logv line=sdash

*readfile cse-rn.dat cmSc

vscale,1.0e-9,0.0 ‘

data logv line=NONE symbol=\ legend=’Data (Lower Room)’

*readfile cse-rn.dat c¢s9p

vscale,1.0e-9,0.0

data logv line=sdash

*readfile cse-rn.dat cs9c

legend,next

*

vlabel,CsOH Airborne Density (()kg/m#3)

ulabel,Time (()s)

limits 1.0,-1.0 1.0e-10,1.0e-4

vscale,0.00226,0.0

plot time cfvalu.i21 list logv line=solid symbol=! legend=’Dome’
vscale,0.02435,0.0
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cplot time cfvalu.122 logv line=solid symbol=7 legend=’Lower Drywell’
vscale,0.01690,0.0

cplot time cfvalu.123 logv line=solid symbol=> legend=’Middle Room’
vscale,0.01043,0.0

cplot time cfvalu.124 logv line=solid symbol=" legend=’Lower Room/Sump’
vscale,0.00903,0.0

cplot time cfvalu.120 logv line=solid symbol=} legend=’Upper Dome’
vscale,1.0e-9,0.0

data logv line=NONE symbol=& legend=’Data (Dome)’

*readfile cse-rn.dat cdSp

vscale,1.0e-9,0.0

data logv line=sdash

*readfile cse-rn.dat cdSc¢

vscale,1.0e-9,0.0

data logv line=NONE symbol=@ legend=’Data (Middle Room)’
xreadfile cse-rn.dat cm9p

vscale,1.0e-9,0.0

data logv line=sdash

*readfile cse-rn.dat cm9c

vscale,1.0e-9,0.0

data logv line=NONE symbol=\ legend=’Data (Lower Room)’

*readfile cse-rn.dat cs9p

vscale,1.0e-9,0.0

data logv line=sdash

xreadfile cse-rn.dat csSc

legend,next

*

vlabel,CsOH Airborne Density (()kg/m#3)

ulabel,Time (()s)

limits 1.0,-1.0 1.0e-10,1.0e-4

vscale,0.00226,0.0

plot time cfvalu.1i21 logv line=solid symbol=! legend=’Dome’
vscale,0.02435,0.0

cplot time cfvalu.122 logv line=solid symbol=? legend=’Lower Drywell’
vscale,0.00903,0.0

cplot time cfvalu.120 logv line=solid symbol=), legend=’Upper Dome’
vscale,1.0e-9,0.0

data logv line=NONE symbol=& legend=’Data (Dome)’

*readfile cse-rn.dat cd9

vscale,1.0e-9,0.0

data logv line=sdash

*readfile cse-rn.dat c¢dSc

legend,ur

*

vlabel,CsOH Airborne Density (()kg/m#3)

ulabel,Time (()s)

limits 1.0,-1.0 1.0e-12,1.0e-6
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vscale,0.01690,0.0
plot time cfvalu.123 logv line=solid symbol=> legend=’Middle Room’
vscale,0.01043,0.0 '

cplot time cfvalu.124 logv line=solid symbol=" legend=’Lower Room/Sump’
vscale,1.0e-9,0.0

data logv 1ine=NONE symbol=@ legend=’Data (Middle Room)’
*readfile cse-rn.dat cm9p

vscale,1.0e-9,0.0

data logv line=sdash

*readfile cse-rn.dat cm9c

vscale,1.0e~9,0.0

data logv line=NONE symbol=\ legend=’Data (Lower Room)’

*readfile cse-rn.dat cs9p

vscale,1.0e-9,0.0

data logv line=sdash

*readfile cse-rn.dat cs9c

legend,lr

*

vlabel,I@2 Vapor Airborne Density (()kg/m#3)

ulabel,Time (()s)

limits 1.0,-1.0 1.0e-10,1.0e-4

vscale,0.00226,0.0

plot time cfvalu.241 list logv line=solid symbol=& legend=’Dome’
vscale,0.01690,0.0

cplot time cfvalu.243 logv line=solid symbol=@ legend=’Middle Room’
vscale,0.01043,0.0

cplot time cfvalu.244 logv line=solid symbol=\ legend=’Lower Room/Sump’
vscale,1.0e-9,0.0

data logv 1line=NONE symbol=& legend=’Data (Dome)’

xreadfile cse-rn.dat id9p

vscale,1.0e-9,0.0

data logv line=sdash

*readfile cse-rn.dat id9c

vscale,1.0e-9,0.0

data logv 1line=NONE symbol=@ legend=’Data (Middle Room)’
*readfile cse-rn.dat im9p

vscale,1.0e-9,0.0

data logv line=sdash

*readfile cse-rn.dat im9c¢

vscale,1.0e-9,0.0

data logv line=NONE symbol=\ legend=’Data (Lower Room)’

*readfile cse-rn.dat is9p

vscale,1.0e-9,0.0

data logv line=sdash

*readfile cse-rn.dat is9c

legend,ur

*

233




vlabel,I@2 Vapor Airborne Density (()kg/m#3)

ulabel,Time (()s)

limits 1.0,-1.0 1.0e-12,1.0e-4

vscale,0.00226,0.0

plot time cfvalu.241 list logv line=solid symbol=& legend=’Dome’
vscale,0.02435,0.0

cplot time cfvalu.242 logv line=solid symbol=< legend=’Lower Drywell’
vscale,0.01690,0.0

cplot time cfvalu.243 logv line=solid symbol=@ legend=’Middle Room’
vscale,0.01043,0.0

cplot time cfvalu.244 logv line=solid symbol=\ legend=’Lower Room/Sump’
vscale,0.00903,0.0

cplot time cfvalu.240 logv line=solid symbol=" legend=’Upper Dome’
vscale,1.0e-9,0.0

data logv line=NONE symbol=& legend=’Data (Dome)’

*readfile cse-rn.dat id9p

vscale,1.0e-9,0.0

data logv line=sdash

*readfile cse-rn.dat id9c

vscale,1.0e-9,0.0

data logv line=NONE symbol=@ legend=’Data (Middle Room)’

*readfile cse-rn.dat im9p

vscale,1.0e-9,0.0

data logv line=sdash

*readfile cse-rn.dat imSc

vscale,1.0e-9,0.0

data logv 1line=NONE symbol=\ legend=’Data (Lower Room)’

*readfile cse-rn.dat is9p

vscale,1.0e-9,0.0

data logv line=sdash

*readfile cse-rn.dat isSc

legend,ur

%

vlabel,I@2 Vapor Airborne Density (()kg/n#3)

ulabel,Time (()s)

limits 1.0,-1.0 1.0e-11,1.0e-4

vscale,0.00226,0.0

plot time cfvalu.241 logv line=solid symbol=& legend=’Dome’
vscale,0.02435,0.0

cplot time cfvalu.242 logv line=solid symbol=< legend=’Lower Drywell’
vscale,0.00903,0.0

cplot time cfvalu.240 logv line=solid symbol=" legend=’Upper Dome’
vscale,1.0e-9,0.0

data logv line=NONE symbol=& legend=’Data (Dome)’

*readfile cse-rn.dat id9p

vscale,1.0e-9,0.0

data logv line=sdash
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xreadfile cse-rn.dat id9c

legend,ur

*

vlabel,IQ@2 Vapor Airborne Demsity (()kg/m#3)
ulabel,Time (()s)

limits 1.0,-1.0 1.0e-10,1.0e-4
vscale,0.01690,0.0

plot time cfvalu.243 logv line=solid symbol=@ legend=’Middle Room’
vscale,0.01043,0.0

cplot time cfvalu.244 logv line=solid symbol=\ legend=’Lower Room/Sump’
vscale,1.0e-9,0.0

data logv 1line=NONE symbol=Q@ legend=’Data (Middle Room)’
*readfile cse-rn.dat im9p

vscale,1.0e-9,0.0

data logv line=sdash

*readfile cse-rn.dat im9c

vscale,1.0e-9,0.0

data logv line=NONE symbol=\ legend=’Data (Lower Room)’

*readfile cse-rn.dat is9p

vscale,1.0e-9,0.0

data logv line=sdash

*readfile cse-rn.dat isSc

legend,ur

%

vlabel,U Airborne Density (()kg/m#3)

ulabel,Time (()s)

limits 1.0,-1.0 1.0e~10,1.0e-5

vscale,0.00226,0.0

plot time cfvalu.131 list logv line=solid symbol=! legend=’Dome’
vscale,0.01690,0.0

cplot time cfvalu.133 logv line=solid symbol=> legend=’Middle Room’
vscale,0.01043,0.0

cplot time cfvalu.134 logv line=solid symbol=" legend=’Lower Room/Sump’
vscale,1.0e-9,0.0

data logv line=NONE symbol=& legend=’Data’

*readfile cse-rn.dat u9p

vscale,1.0e-9,0.0

data logv line=sdash

*readfile cse-rn.dat u9c¢

legend,lr

*

vlabel,U Airborne Density (()kg/m#3)

ulabel,Time (()s)

limits 1.0,-1.0 1.0e-10,1.0e-5

vscale,0.00226,0.0

plot time cfvalu.131 list logv line=solid symbol=! legend=’Dome’
vscale,0.02435,0.0
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cplot time cfvalu.132 logv line=solid symbol=? legend=’Lower Drywell’
vscale,0.01690,0.0

cplot time cfvalu.133 logv line=solid symbol=> legend=’Middle Room’
vscale,0.01043,0.0

cplot time cfvalu.134 logv line=solid symbol=" legend=’Lower Room/Sump’
vscale,0.00903,0.0

cplot time cfvalu.130 logv line=solid symbol=}, legend=’Upper Dome’
vscale,1.0e-9,0.0

data logv line=NONE symbol=& legend=’Data’

*readfile cse-rn.dat up

vscale,1.0e-9,0.0

data logv line=sdash

*readfile cse-rn.dat u9c

legend,lr

*

vlabel,H020 Aerosol Particle AMMD (()m)

ulabel,Time (()s)

limits 1.0,-1.0 0.0,4.0e-6

plot time rnl-mmdc-1.001 line=solid symbol=! legend=’Dome’

cplot time rnl-mmdc-1.002 line=solid symbol=? legend=’Lower Drywell’
cplot time rni-mmdc-1.003 line=solid symbol=> legend=’Middle Room’
cplot time rnl-mmdc-1.004 line=solid symbol=" legend=’Lower Room’
*cplot time rnl-mmdc-1.010 line=solid symbol=; legend=’Upper Dome’
legend,ur

%

vlabel,H@20 Aerosol Particle GSD

ulabel,Time (()s)

plot time rnl-gsdc-1.001 line=solid symbol=! legend=’Doms’

cplot time rni-gsdc~1.002 line=solid symbol=? legend=’Lower Drywell’
cplot time rni-gsdc-1.003 line=solid symbol=> legend=’Middle Room’
cplot time rni-gsdc-1.004 line=solid symbol=" legend=’Lower Room’
*cplot time rnl-gsdc-1.010 line=solid symbol=; legend=’Upper Dome’
legend,ur

%

vlabel,U Aerosol Particle AMMD (()m)

ulabel,Time (()s)

plot time rnl-mmdc-2.001 line=solid symbol=! legend=’Dome’

cplot time rni-mmdc-2.002 line=solid symbol=7? legend=’Lower Drywell’
cplot time rnl-mmdc-2.003 line=solid symbol=> legend=’Middle Room’
cplot time rnl-mmdc-2.004 line=solid symbol=" legend=’Lower Room’
*cplot time rnl-mmdc-2.010 line=solid symbol=; legend=’Upper Dome’
legend,lr

*

vlabel,U Aerosol Particle GSD

ulabel,Time (()s)

plot time rnl-gsdc-2.001 line=solid symbol=! legend=’Dome’

cplot time rnl-gsdc-2.002 line=solid symbol=? legend=’Lower Drywell’
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cplot time rnil-gsdc-2.003 line=solid symbol=> legend=’'Middle Room’
cplot time rnl-gsdc-2.004 line=solid symbol=" legend=’Lower Room’
*cplot time rnl-gsdc-2.010 line=solid symbol=; legend=’Upper Dome’
legend,ur

*

vlabel,CsOH Aerosol Particle AMMD (()m)

ulabel,Time (()s)

plot time rnl-mmdc-3.001 line=solid symbol=! legend=’Dome’

cplot time rnl-mmdc-3.002 line=solid symbol=? legend=’Lower Drywell’
cplot time rni-mmdc-3.003 line=scolid symbol=> legend=’'Middle Room’
cplot time rni-mmdc-3.004 line=solid symbol=" legend=’Lower Room’
*cplot time rni-mmdc-3.010 line=solid symbol=; legend=’Upper Dome’
legend,lr

*

vlabel,CsOH Aerosol Particle GSD

ulabel,Time (()s)

plot time rnl-gsdc-3.001 line=solid symbol=! legend=’Dome’

cplot time rni-gsdc-3.002 line=solid symbol=? legend=’Lower Drywell’
cplot time rnl-gsdc-3.003 line=solid symbol=> legend=’Middle Room’
cplot time rni-gsdc-3.004 line=solid symbol=" legend=’Lower Room’
*cplot time rni-gsdc-3.010 line=soclid symbol=; legend=’Upper Dome’
legend,ur

*

vlabel,Aerosol Particle AMMD in Dome (()m)

ulabel,Time (()s)

plot time rnl-mmdc-1.001 line=sdash symbol=! legend=’H@20°

cplot time rni-mmdc-3.001 line=solid symbol=? legend=’Cesium’
cplot time rni-mmdc-2.001 line=ldash symbol=> legend=’Uranium’
legend,1lr

%

vlabel,Aerosol Particle GSD in Dome

ulabel,Time (()s)

plot time rnl-gsdc-1.001 line=sdash symbol=! legend=’H@20’

cplot time rnl-gsdc-3.001 line=so0lid symbol=? legend=’Cesium’
cplot time rnl-gsdc-2.001 line=ldash symbol=> legend=’Uranium’
legend,ur

*

vlabel,Aerosol Particle AMMD in Lower Drywell ((Om) -

ulabel,Time (()s)

plot time rni-mmdc-1.002 line=sdash symbol=! legend=’H@20’

cplot time rnl-mmdc-3.002 line=solid symbol=? legend=’Cesium’
cplot time rnl-mmdc-2.002 line=ldash symbol=> legend=’Uranium’
legend,lr

*

vlabel,Aerosol Particle GSD in Lower Drywell

ulabel,Time (()s)

plot time rni-gsdc-1.002 line=sdash symbol=! legend=’He20’
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cplot time rni-gsdc-3.002 line=solid symbol=? legend=’Cesium’

cplot time rni-gsdc-2.002 line=ldash symbol=> legend=’Uranium’
legend,ur

*

vlabel,Aerosol Particle AMMD in Middle Room (()m)

ulabel,Time (()s)

plot time rni-mmdc-1.003 line=sdash symbol=! legend=’H@20’

cplot time rni-mmdc-3.003 line=solid symbol=7 legend=’Cesium’

cplot time rnil-mmdc-2.003 line=ldash symbol=> legend=’Uranium’
legend,lr

*

vlabel,Aerosol Particle GSD in Middle Room

ulabel,Time (()s)

plot time rnl-gsdc-1.003 line=sdash symbol=! legend=’H@20’

cplot time rnil-gsdc-3.003 line=solid symbol=7 legend=’Cesium’

cplot time rnl-gsdc-2.003 line=ldash symbol=> legend=’Uranium’
legend,ur

*

vliabel,Aerosol Particle AMMD in Lower Room (()m)

ulabel,Time (()s)

plot time rni-mmdc-1.004 line=sdash symbol=! legend=’HE20’

cplot time rnl-mmdc-3.004 line=solid symbol=? legend=’Cesium’

cplot time rni-mmdc-2.004 line=ldash symbol=> legend=’Uranium’
legend,ur

*

vlabel,Aerosol Particle GSD in Lower Room

ulabel,Time (()s)

plot time rnl-gsdc-1.004 line=sdash symbol=! legend=’H@20’

cplot time rni-gsdc-3.004 line=solid symbol=? legend=’Cesium’

cplot time rnl-gsdc-2.004 line=ldash symbol=> legend=’Uranium’
legend,ur

*

vlabel,U Aerosol Particle AMMD ((Om)

ulabel,Time (()s)

plot time rni-mmdc-2.001 line=solid symbol=! legend=’Dome (U)’

cplot time rni-mmdc~2.002 line=solid symbol=? legend=’Lower Drywell (U)’
cplot time rni-mmdc-2.003 line=solid symbol=> legend=’Middle Room (U)’
cplot time rnl-mmdc-2.004 line=solid symbol=" legend=’Lower Room (U)°’
*cplot time rnl-mmdc-2.010 line=solid symbol=. legend=’'Upper Dome (U)’
cplot time rni-mmdc-3.001 line=mdash symbol=& legend=’Dome (Cs)’

cplot time rni-mmdc-3.002 line=mdash symbol=< legend=’Lower Drywell (Cs)’
cplot time rni-mmdc-3.003 line=mdash symbol=@ legend=’Middle Room (Cs)’
cplot time rnl-mmdc-3.004 line=mdash symbol=\ legend=’Lower Room (Cs)’
*cplot time rnl-mmdc-3.010 line=mdash symbol=’,’ legend=’Upper Dome (Cs)’
legend,lr

*

vliabel,U Aerosol Particle GSD
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ulabel,Time (()s)
limits 1.0,-1.0 1.0,2.0
plot time rni-gsdc-2.001 line=solid symbol=! legend=’Dome (U)’

cplot time rni-gsdc-2.002 line=solid symbol=? legend=’Lower Drywell (U)’
cplot time rnl-gsdc-2.003 line=solid symbol=> legend=’Middle Room (U)’
cplot time rni-gsdc~2.004 line=solid symbol=" legend=’Lower Room (U)’
*cplot time rnil-gsdc-2.010 line=solid symbol=. legend=’Upper Dome (U)’
cplot time rnl-gsdc-3.001 line=mdash symbol=% legend=’Dome (Cs)’

cplot time rnl-gsdc-3.002 line=mdash symbol=< legend=’Lower Drywell (Cs)’
cplot time rni-gsdc-3.003 line=mdash symbol=@ legend=’Middle Room (Cs)’
cplot time rnl-gsdc-3.004 line=mdash symbol=\ legend=’Lower Room (Cs)’
*cplot time rni-gsdc-3.010 line=mdash symbol=’,’ legend=’Upper Dome (Cs)’
legend,ur

%

vlabel,Spray Flow (()m#3/s)

ulabel,Time (()s)

vscale,1.42857,0.0

plot time spr-f1.001 line=solid symbol=! legend=’Total (Fresh)’
vscale,1.42857,0.0

cplot time spr-f1.002 line=solid symbol=" legend=’Total (Recirc)’

cplot time spr-f1.001 line=ldash symbol=! legend=’into Atms (Fresh)’
cplot time spr-f1.002 line=ldash symbol=" legend=’into Atms (Recirc)’
vscale,0.42857,0.0

cplot time spr-f1.001 line=sdash symbol=! legend=’omto Walls (Fresh)’
vscale,0.42857,0.0

cplot time spr-f1.002 line=sdash symbol=" legend=’omto Walls (Recirc)’
legend,next

*

vlabel,Spray Temperature ({()K)

ulabel,Time (()s)

plot time spr-tp.001 line=solid symbol=! legend=’Fresh’

cplot time spr-tp.002 line=sdash symbol=" legend=’Recirc’

legend,bottom

*

vlabel,Fog Airborne Density (()kg/m#3)

ulabel,Time (()s)

limits 1.0,-1.0 1.0e-6,1.0e-1

vscale,0.00226,0.0

plot time cvh-mass.2.001 logv line=solid symbol=! legend=’Dome’
vscale,0.02435,0.0

cplot time cvh-mass.2.002 logv line=solid symbol=? legend=’Lower Drywell’
vscale,0.01690,0.0 '

cplot time cvh-mass.2.003 logv line=solid symbol=> legend=’Middle Room’
vscale,0.01043,0.0

cplot time cvh-mass.2.004 logv line=solid symbol=" legend=’Lower Room (Sump)’
vecale,0.00903,0.0

cplot time cvh-mass.2.010 logv line=solid symbol=; legend=’Upper Dome’
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legend,ur

%

vlabel,Fog Airborne Density (()kg/m#3)

ulabel,Time (()s)

limits 1.0,-1.0 0.0,20.0e-3

vscale,0.00226,0.0

plot time cvh-mass.2.001 line=solid symbol=! legend=’Dome’
vscale,0.02435,0.0

cplot time cvh-mass.2,002 line=solid symbol=? legend=’Lower Drywell’
vscale,0.01690,0.0

cplot time cvh-mass.2.003 line=solid symbol=> legend=’Middle Room’
vscale,0.01043,0.0

cplot time cvh-mass.2.004 line=solid symbol=" legend=’Lower Room (Sump)’
vscale,0.00903,0.0

cplot time cvh-mass.2.010 line=solid symbol=; legend=’Upper Dome’
legend,ur

*

vlabel,Fog Masses ((kg)

ulabel,Time (()s)

limits 0.0,10.0e3 0.0,20.0e-3

vscale,(0.00226,0.0

plot time cvh-mass.2.001 line=solid symbol=! legend=’Dome’
vscale,0.02435,0.0

cplot time cvh-mass.2.002 line=solid symbol=? legend=’Lower Drywell’
vscale,0.01690,0.0

cplot time cvh-mass.2.003 line=solid symbol=> legend=’Middle Room’
vscale,0.01043,0.0

cplot time cvh-mass.2.004 line=solid symbol=" legend=’Lower Room (Sump)’
vscale,0.00903,0.0

cplot time cvh-mass.2.010 line=solid symbol=; legend=’Upper Dome’
legend,ur

*

title,Cesium

limits 0.0,18000.0 0.0,0.20

*plot time uf.16 list smooth=120.0 symbol=? legend=’120.0’

plot time uf.16 list smooth=180.0 symbol=> legend=’180.0’

vline 1800.0 line=dot
vline 1980.0 line=dot
vline 3300.0 line=dot
vline 3480.0 line=dot
vline 5400.0 line=dot
vline 6000.0 line=dot

vliine 12600.0 line=dot
vline 16200.0 line=dot
legend,bottom

*

title,Cesium

240




limits 0.0,18000.0 0.0,1000.0
*plot time uf.19 list smooth=300.0 symbol=?7 legend=’300.0’
plot time uf.19 list smooth=600.0 symbol=> legend=’600.0’

vline 1800.0 line=dot

vline 1980.0 line=dot

vline 3300.0 line=dot

vline 3480.0 line=dot

vline 5400.0 line=dot

vline 6000.0 line=dot

vline 12600.0 line=dot

vline 16200.0 line=dot

legend,bottom

*

title,Uranium

limits 0.0,18000.0 0.0,0.20

*plot time uf.36 list smooth=120.0 symbol=? legend=’120.0’
plot time uf.36 list smooth=180.0 symbol=> legend=’180.0’

vline 1800.0 line=dot

vline 1980.0 line=dot

vline 3300.0 line=dot

vline 3480.0 line=dot

vline 5400.0 line=dot

vline 6000.0 line=dot

vline 12600.0 line=dot

vline 16200.0 line=dot

legend,bottom
*

title,Uranium

limits 0.0,18000.0 0.0,1000.0

*plot time uf.39 list smooth=300.0 symbol=? legend=’300.0’
plot time uf.39 list smooth=600.0 symbol=> legend=’600.0’

vline 1800.0 line=dot
vline 1980.0 line=dot
vline 3300.0 line=dot
vline 3480.0 line=dot
vline 5400.0 line=dot
vline 6000.0 line=dot

vline 12600.0 line=dot
vline 16200.0 line=dot

legend,bottom
*

title,lodine

limits 0.0,18000.0 0.0,1.00

*plot time uf.26 list smooth=120.0 symbol=? legend=’120.0’
plot time uf.26 list smooth=180.0 symbol=> legend=’180.0’
vline 1800.0 line=dot

vline 1980.0 line=dot

241




vline
vline
vline
vline
vline
vline

3300.0 line=dot
3480.0 line=dot
5400.0 line=dot
6000.0 line=dot
12600.0 line=dot
16200.0 line=dot

legend,bottom

*

title,

Iodine

limits 0.0,18000.0 0.0,2000.0

*plot time uf.29 list smooth=300.0 symbol=? legend=’300.0’
plot time uf.29 list smooth=600.0 symbol=> legend=’600.0’
vline 1800.0 line=dot

vline 1980.0 line=dot

vline 3300.0 line=dot

vline 3480.0 line=dot

vline 5400.0 line=dot

vline 6000.0 line=dot

vline 12600.0 line=dot

vline 16200.0 line=dot

legend,bottom

*

*eor* quit

*

vlabel,Dome Film Thickness (()m)
ulabel,Time (()s)
plot time hs-film-thick-1.00001 line=solid symbol=" legend=’QOuter Wall’

cplot
cplot
cplot

time hs-film-thick-1.00003 line=solid symbol=_A legend=’Floor-to-MiddleRoom’
time hs-film-thick-1.00004 line=solid symbol=_B legend=’Floor-to-Wetwell’
time hs-film-thick-1.00005 line=solid symbol=_C legend=’Inside Structure’

legend,ur

*

vlabel,Lower Drywell Film Thickness ((Om)
ulabel,Time (()s)
plot time hs-film-thick-1.00006 line=solid symbol=" legend=’0Outer Wall-to-MiddleRoom’

cplot
cplot

time hs-film-thick-1.00007 line=solid symbol=_A legend=’0Outer Wall-to-Wetwell’
time hs-film-thick-1.00008 line=solid symbol=_B legend=’Floor’

legend,ur

*

vlabel,Middle Room Film Thickness ({)m)
ulabel,Time (()s)
plot time hs-film-thick-1.00009 line=solid symbol=" legend=’0Outer Wall’

cplot
cplot
cplot
cplot
cplot

time hs-film-thick-r.00003 line=sclid symbol=_A legend=’Roof’

time hs-film-thick-r.00006 line=solid symbol=_B legend=’Inner Wall’

time hs-film-thick-1.00011 line=solid symbol=_C legend=’Wall-to-Wetwell’
time hs-film-thick-1.00012 line=solid symbol=_D legend=’Floor’

time hs-film-thick-1.00015 line=solid symbol=_E legend=’Inside Structure’
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legend,ur

*

vlabel,Sump Film Thickness (()m)
ulabel,Time (()s)

plot time hs-film-thick-1.00014 line=solid symbol=" legend=’Floor’

cplot time hs-film-thick-r.00008 line=solid symbol=_A legend=’Roof-to-LowerDrywell’
cplot time hs-film-thick-r.00012 line=solid symbol=_B legend=’Roof-to-MiddleRoom’
cplot time hs-film-thick-r.00013 line=solid symbol=_C legend=’Roof-to-Wetwell’
cplot time hs-film-thick-1.00016 line=solid symbol=_E legend=’Inside Structure’
legend,ur

%

title,Vessel Cylinder on Upper Dome

vlabel ,HS00100 Temperatures (()K)

ulabel,Time (()s)

plot time cvh-tvap.010 line=sdash symbol=! legend=’Inside Atms’

cplot time cvh-tliq.010 line=solid symbol=& legend=’Inside Pool’

cplot time hs-temp.0010001 line=mdash symbol=> legend=’Inside Surface’
cplot time hs-temp.0010012 line=mdash symbol=}, legend=’COutside Surface’
cplot time cvh-tvap.005 line=sdash symbol=7 legend=’0Outside Atms’
cplot time cvh-t1liq.005 line=solid symbol=< legend=’COutside Pool’
legend,ur

*

title,Vessel Cylinder on Dome (Main Room)

vlabel,HS00001 Temperatures (()K)

ulabel,Time (()s)

plot time cvh-tvap.001 line=sdash symbol=! legend=’Inside Atms’

cplot time cvh-tliq.001 line=solid symbol=& legend=’Inside Pool’

cplot time hs-temp.0000101 line=mdash symbol=> legend=’Inside Surface’
cplot time hs-temp.0000112 line=mdash symbol=} legend=’0Outside Surface’
cplot time cvh-tvap.005 line=sdash symbol=? legend=’0Outside Atms’
cplot time cvh-tliq.005 line=solid symbol=< legend=’0Outside Pool’
legend,ur

*

title,Vessel Top on Upper Dome

vlabel,HS00002 Temperatures (()K)

ulabel,Time (()s)

plot time cvh-tvap.010 line=sdash symbol=! legend=’Inside Atms’

cplot time cvh-t1iq.010 line=solid symbol=& legend=’Inside Pool’

cplot time hs-temp.0000201 line=mdash symbol=> legend=’Inside Surface’
cplot time hs-temp.0000212 line=mdash symbol=) legend=’Outside Surface’
cplot time cvh-tvap.005 line=sdash symbol=7 legend=’0Outside Atms’
cplot time cvh-tliq.005 line=solid symbol=< legend=’0Outside Pool’
legend,ur

*

title,Deck between Dome and Middle Room

vlabel ,HS00003 Temperatures {{)K)

ulabel,Time (()s)
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plot time cvh-tvap.001 line=sdash symbol=! legend=’Inside Atms’

cplot time cvh-t1iq.001 line=solid symbol=& legend=’Inside Pool’

cplot time hs-temp.0000301 line=mdash symbol=> legend=’Inside Surface’
cplot time hs-temp.0000309 line=mdash symbol=), legend=’0utside Surface’
cplot time cvh-tvap.003 line=sdash symbol=? legend=’Outside Atms’

cplot time cvh-t1liq.003 line=solid symbol=< legend=’Outside Pool’
legend,ur ’

%

title,Deck between Dome and Wetwell

vlabel,HS00004 Temperatures (()K)

ulabel,Time (()s)

plot time cvh-tvap.001 line=sdash symbol=! legend=’Inside Atms’

cplot time cvh-t1liq.001 line=solid symbol=& legend=’Inside Pool’

cplot time hs-temp.0000401 line=mdash symbol=> legend=’Inside Surface’
cplot time hs-temp.0000409 line=mdash symbol=} legend=’Outside Surface’
cplot time cvh-tvap.006 line=sdash symbol=? legend=’Outside Atms’

cplot time cvh-tliq.006 line=solid symbol=< legend=’Qutside Pool’
legend,ur

*

title,Structure Inside Dome

vlabel ,HS00005 Temperatures (()K)

ulabel,Time (()s)

plot time cvh-tvap.001 line=sdash symbol=! legend=’Inside Atms’

cplot time cvh-t1iq.001 line=solid symbol=& legend=’Inside Pool’

cplot time hs-temp.0000501 line=mdash symbol=> legend=’Inside Surface’
cplot time hs-temp.0000507 line=mdash symbol=), legend=’0Outside Surface’
legend,ur

*

title,Cylinder between Drywell and Middle Room

vlabel,HS00006 Temperatures (()K)

ulabel,Time (()s)

plot time cvh-tvap.002 line=sdash symbol=! legend=’Inside Atms’

cplot time cvh-t1iq.002 line=solid symbol=& legend=’Inside Pool’

cplot time hs-temp.0000601 line=mdash symbol=> legend=’Inside Surface’
cplot time hs-temp.0000609 line=mdash symbol=} legend=’Outside Surface’
cplot time cvh-tvap.003 line=sdash symbol=7? legend=’0Outside Atms’
cplot time cvh-t1iq.003 line=solid symbol=< legend=’Qutside Pool’
legend,ur

sk

title,Cylinder between Drywell and Wetwell

vlabel ,HS00007 Temperatures ({()K)

ulabel,Time (()s)

plot time cvh-tvap.002 line=sdash symbol=! legend=’Inside Atms’

cplot time cvh-t1iq.002 line=solid symbol=& legend=’Inside Pool’

cplot time hs-temp.0000701 line=mdash symbol=> legend=’Inside Surface’
cplot time hs-temp.0000709 line=mdash symbol=), legend=’0Outside Surface’
cplot time cvh-tvap.006 line=sdash symbol=7 legend=’0Outside Atms’
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cplot time cvh-tliq.006 line=solid symbol=< legend=’Outside Pool’
legend,ur

*

title,Floor between Drywell and Lower Room Sump

vlabel,HS00008 Temperatures (()K)

ulabel,Time (()s)

plot time cvh-tvap.002 line=sdash symbol=! legend=’Inside Atms’

cplot time cvh-t11q.002 line=solid symbol=& legend=’Inside Pool’

cplot time hs-temp.0000801 line=mdash symbol=> legend=’Inside Surface’
cplot time hs-temp.0000809 line=mdash symbol=), legend=’Outside Surface’
cplot time cvh-tvap.004 line=sdash symbol=7? legend=’0Outside Atms’
cplot time cvh-t1iq.004 line=solid symbol=< legend=’Outside Pool’
legend,ur

*

title,0uter Cylinder on Middle Room

vlabel,HS00009 Temperatures ({)K)

ulabel,Time (()s)

plot time cvh-tvap.003 line=sdash symbol=! legend=’Inside Atms’

cplot time cvh-tliq.003 line=solid symbol=& legend=’Inside Pool’

cplot time hs-temp.0000901 line=mdash symbol=> legend=’Inside Surface’
cplot time hs-temp.0000912 line=mdash symbol=) legend=’0Outside Surface’
cplot time cvh-tvap.005 line=sdash symbol=? legend=’0Outside Atms’
cplot time cvh-t1liq.005 line=solid symbol=< legend=’Uutside Pool’
legend,ur

*

title,0Outer Cylinder on Wetwell

vlabel ,HS00010 Temperatures (()K)

ulabel,Time (()s)

plot time cvh-tvap.006 line=sdash symbol=! legend=’Inside Atms’

cplot time cvh-t11q.006 line=solid symbol=& legend=’Inside Pool’

cplot time hs-temp.0001001 line=mdash symbol=> legend=’Inside Surface’
cplot time hs-temp.0001012 line=mdash symbol=), legend=’0Outside Surface’
cplot time cvh-tvap.005 line=sdash symbol=? legend=’QOutside Atms’
cplot time cvh-t1iq.005 line=solid symbol=< legend=’Outside Pool’
legend,ur

*

title,Divider between Middle Room and Wetwell

vlabel,HS00011 Temperatures (()K)

ulabel,Time (()s)

plot time cvh-tvap.003 line=sdash symbol=! legend=’Inside Atms’

cplot time cvh-tliq.003 line=solid symbol=& legend=’Inside Pool’

cplot time hs-temp.0001101 line=mdash symbol=> legend=’Inside Surface’
cplot time hs-temp.0001109 line=mdash symbol=% legend=’Outside Surface’
cplot time cvh-tvap.006 line=sdash symbol=7 legend=’0Outside Atms’
cplot time cvh-t1liq.006 line=solid symbol=< legend=’QOutside Pool’
legend,ur

*
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title,Floor between Middle Room and Lower Room Sump

vlabel ,HS00012 Temperatures (()X)

ulabel,Time (()s)

plot time cvh-tvap.003 line=sdash symbol=! legend=’Inside Atms’

cplot time cvh-t1iq.003 line=solid symbol=& legend=’Inside Pool’

cplot time hs-temp.0001201 line=mdash symbol=> legend=’Inside Surface’
cplot time hs-temp.0001209 line=mdash symbol=), legend=’Outside Surface’
cplot time cvh-tvap.004 line=sdash symbol=? legend=’Outside Atms’
cplot time cvh-tliq.004 line=solid symbol=< legend=’0Outside Pool’
legend,ur

%

title,Floor between Wetwell and Lower Room Sump

vlabel ,HS00013 Temperatures (()K)

ulabel,Time (()s)

plot time cvh-tvap.006 line=sdash symbol=! legend=’Inside Atms’

cplot time cvh-tliq.006 line=solid symbol=& legend=’Inside Pool’

cplot time hs-temp.0001301 line=mdash symbol=> legend=’Inside Surface’
cplot time hs-temp.0001309 line=mdash symbol=), legend=’UOutside Surface’
cplot time cvh-tvap.004 line=sdash symbol=? legend=’0Outside Atms’
cplot time cvh-t1iq.004 line=solid symbol=< legend=’Outside Pool’
legend,ur

%

title,Outer Floor on Lower Room

vlabel ,HS00014 Temperatures (()K)

ulabel,Time (()s)

plot time cvh-tvap.004 line=sdash symbol=! legend=’Inside Atms’

cplot time cvh-t1iq.004 line=solid symbol=%& legend=’Inside Pool’

cplot time hs-temp.0001401 line=mdash symbol=> legend=’Inside Surface’
cplot time hs-temp.0001412 line=mdash symbol=}, legend=’COutside Surface’
cplot time cvh-tvap.005 line=sdash symbol=7? legend=’Outside Atms’
cplot time cvh-t1iq.005 line=solid symbol=< legend=’0Outside Pool’
legend,ur

%

title,Structure Inside Middle Room

vlabel ,HS00015 Temperatures ({)K)

ulabel,Time (()s)

plot time cvh-tvap.003 line=sdash symbol=! legend=’Inside Atms’

cplot time cvh-t1liq.003 line=solid symbol=%& legend=’Inside Pool’

cplot time hs-temp.0001501 line=mdash symbol=> legend=’Inside Surface’
cplot time hs-temp.0001507 line=mdash symbol=} legend=’Outside Surface’
legend,ur

*

title,Structure Inside Lower Room

vlabel ,HS00016 Temperatures (()K)

ulabel,Time (()s)

plot time cvh-tvap.004 line=sdash symbol=! legend=’Inside Atms’

cplot time cvh-t1iq.004 line=solid symbol=& legend=’Inside Pool’
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cplot time hs-temp.0001601 line=mdash symbol=> legend=’Inside Surface’
cplot time hs-temp.0001607 line=mdash symbol=), legend=’0Outside Surface’
legend,ur

*

title,Structure Inside Wetwell

vliabel,HS00017 Temperatures (()K)

ulabel,Time (()s)

plot time cvh-tvap.006 line=sdash symbol=! legend=’Inside Atms’
cplot time cvh-tliq.006 line=so0lid symbol=& legend=’Inside Pool’
cplot time hs-temp.0001701 line=mdash symbol=> legend=’Inside Surface’
cplot time hs-temp.0001707 line=mdash symbol=) legend=’0Outside Surface’
legend,ur

%

*eor* quit

*

vlabel,CsOH Airborne Mass (()kg)

ulabel,Time (()s)

plot time cfvalu.121 line=solid symbol=! legend=’Dome’

cplot time cfvalu.122 line=solid symbol=? legend=’Lower Drywell’
cplot time cfvalu.123 line=solid symbol=> legend=’Middle Room’
cplot time cfvalu.124 line=solid symbol=" legend=’Lower Room/Sump’
cplot time cfvalu.120 line=solid symbol=Y, legend=’Upper Dome’
cplot time cfvalu.221 line=mdash symbol=& legend=’Dome’

cplot time cfvalu.222 line=mdash symbol=< legend=’Lower Drywell’
cplot time cfvalu.223 line=mdash symbol=€ legend=’Middle Room’
cplot time cfvalu.224 line=mdash symbol=\ legend=’Lower Room/Sump’
cplot time cfvalu.220 line=mdash symbol=" legend=’Upper Dome’
legend,next

X

vlabel,Dome CsOH Airborne Mass (()kg)

ulabel,Time (()s)

plot time cfvalu.121 line=solid symbol=! legend=’ (Aerosol)’

cplot time cfvalu.221 line=mdash symbol=& legend=’(Vapor)’
legend,bottom

*

vlabel,Lower Drywell CsOH Airborne Mass (()kg)

ulabel,Time (()s)

plot time cfvalu.122 line=solid symbol=! legend=’(Aerosol)’

cplot time cfvalu.222 line=mdash symbol=& legend=’(Vapor)’
legend,bottom

*

vlabel,Middle Room CsOH Airborne Mass ({()kg)

ulabel,Time (()s)

plot time cfvalu.123 line=solid symbol=! legend=’(Aerosol)’
cplot time cfvalu.223 line=mdash symbol=& legend=’(Vapor)’
legend,bottom

*

247




vlabel,Lower Room CsOH Airborne Mass (()kg)

ulabel,Time (()s)

plot time cfvalu.124 line=solid symbol=! legend=’(Aerosol)’
cplot time cfvalu.224 line=mdash symbol=g& legend=’(Vapor)’
legend,bottom

%

vlabel,Upper Dome CsOH Airborne Mass (()kg)

ulabel,Time (()s)

plot time cfvalu.120 line=solid symbol=! legend=’(Aerosol)’
cplot time cfvalu.220 line=mdash symbol=& legend=’(Vapor)’
legend,bottom

*

vlabel,I@2 Airborne Mass (()kg)

ulabel,Time (()s)

plot time cfvalu.141 line=sclid symbol=! legend=’Dome’

cplot time cfvalu.142 line=solid symbol=? legend=’Lower Drywell’
cplot time cfvalu.143 line=solid symbol=> legend=’Middle Room’
cplot time cfvalu.144 line=solid symbol=" legend=’Lower Room/Sump’
cplot time cfvalu.140 line=solid symbol=), legend=’Upper Dome’
cplot time cfvalu.241 line=mdash symbol=& legend=’Donme’

cplot time cfvalu.242 line=mdash symbol=< legend=’Lower Drywell’
cplot time cfvalu.243 line=mdash symbol=@ legend=’Middle Room’
cplot time cfvalu.244 line=mdash symbol=\ legend=’Lower Room/Sump’
cplot time cfvalu.240 line=mdash symbol=" legend=’Upper Dome’
legend,next

*

vlabel,Dome I02 Airborne Mass (()kg)

ulabel,Time (()s)

plot time cfvalu.141 line=solid symbol=! legend=’ (Aerosol)’
cplot time cfvalu.241 line=mdash symbol=& legend=’(Vapor)’
legend,bottom

*

vlabel,Lower Drywell I@2 Airborne Mass (()kg)

ulabel,Time (()s)

plot time cfvalu.142 line=solid symbol=! legend=’(Aerosol)’
cplot time cfvalu.242 line=mdash symbol=& legend=’(Vapor)’
legend,bottom

*

vlabel,Middle Room I@2 Airborne Mass (()kg)

ulabel,Time (()s)

plot time cfvalu.143 line=solid symbol=! legend=’(Aerosol)’
cplot time cfvalu.243 line=mdash symbol=& legend=’{(Vapor)’
legend,bottom

*

vlabel,Lower Room IQ2 Airborne Mass (()kg)

ulabel,Time (()s)

plot time cfvalu.144 line=solid symbol=! legend=’(Aerosol)’

248




cplot time cfvalu.244 line=mdash symbol=%& legend=’(Vapor)’
legend,bottom

*

vlabel,Upper Dome 1@2 Airborne Mass (()kg)

ulabel,Time (()s)

plot time cfvalu.140 line=solid symbol=! legend=’(Aerosol)’
cplot time cfvalu.240 line=mdash symbol=& legend=’{Vapor)’
legend,bottom

*

vlabel,U Airborne Mass (()kg)

ulabel,Time (()s)

plot time cfvalu.131 line=solid symbol=! legend=’Dome’

cplot time cfvalu.132 line=solid symbol=? legend=’Lower Drywell’
cplot time cfvalu.133 line=solid symbol=> legend=’Middle Room’
cplot time cfvalu.134 line=solid symbol=" legend=’Lower Room/Sump’
cplot time cfvalu.130 line=solid symbol=), legend=’Upper Dome’
cplot time cfvalu.231 line=mdash symbol=& legend=’Dome’

cplot time cfvalu.232 line=mdash symbol=< legend=’Lower Drywell’
cplot time cfvalu.233 line=mdash symbol=@ legend=’Middle Room’
cplot time cfvalu.234 line=mdash symbol=\ legend=’Lower Room/Sump’
cplot time cfvalu.230 line=mdash symbol=" legend=’Upper Dome’
legend,next

%

vlabel,Dome U Airborne Mass (()kg)

ulabel,Time (()s)

plot time cfvalu.131 line=solid symbol=! legend=’(Aerosol)’
cplot time cfvalu.231 line=mdash symbol=& legend=’(Vapor)’
legend,bottom

*

vlabel,Lower Drywell U Airborne Mass (()kg)

ulabel,Time (()s)

plot time cfvalu.132 line=solid symbol=! legend=’{Aerosol)’
cplot time cfvalu.232 line=mdash symbol=& legend=’(Vapor)’
legend,bottom

*

vlabel,Middle Room U Airborne Mass (()kg)

ulabel,Time (()s)

plot time cfvalu.133 line=solid symbol=! legend=’(Aerosol)’
cplot time cfvalu.233 line=mdash symbol=& legend=’(Vapor)’
legend,bottom

*

vlabel,Lower Room U Airborne Mass (()kg)

ulabel,Time (()s)

plot time cfvalu.134 line=solid symbol=! legend=’(Aerosol)’
cplot time cfvalu.234 line=mdash symbol=& legend=’{(Vapor)’
legend,bottom

*
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vlabel,Upper Dome U Airborne Mass (()kg)

ulabel,Time (()s)

plot time cfvalu.130 line=solid symbol=! legend=’(Aerosol)’
cplot time cfvalu.230 line=mdash symbol=& legend=’(Vapor)’
legend,bottom

*

vlabel,CsOH Pool Mass (()kg)

ulabel,Time (()s)

plot time cfvalu.321 line=solid symbol=! legend=’Dome’

cplot time cfvalu.322 line=solid symbol=? legend=’Lower Drywell’
cplot time cfvalu.323 line=solid symbol=> legend=’Middle Room’
cplot time cfvalu.324 line=solid symbol=" legend=’Lower Room/Sump’
cplot time cfvalu.320 line=solid symbol=}, legend=’Upper Dome’
cplot time cfvalu.421 line=mdash symbol=& legend=’Dome’

cplot time cfvalu.422 line=mdash symbol=< legend=’Lower Drywell’
cplot time cfvalu.423 line=mdash symbol=@ legend=’Middle Room’
cplot time cfvalu.424 line=mdash symbol=\ legend=’Lower Room/Sump’
cplot time cfvalu.420 line=mdash symbol=" legend=’Upper Dome’
legend,next

*

vlabel,Dome CsOH Pool Mass (()kg)

ulabel,Time (()s)

plot time cfvalu.321 line=solid symbol=! legend=’(Aerosol)’
cplot time cfvalu.421 line=mdash symbol=& legend=’(Vapor)’
legend,bottom

*

vlabel,Lower Drywell CsOH Pool Mass (()kg)

ulabel,Time (()s)

plot time cfvalu.322 line=solid symbol=! legend=’{(Aerosol)’
cplot time cfvalu.422 line=mdash symbol=& legend=’(Vapor)’
legend,bottom

*

vlabel,Middle Room CsOH Pool Mass ({()kg)

ulabel,Time (()s)

plot time cfvalu.323 line=solid symbol=! legend=’(Aerosol)’
cplot time cfvalu.423 line=mdash symbol=& legend=’(Vapor)’
legend,bottom

*

vlabel,Lower Room CsOH Pool Mass (()kg)

ulabel,Time (()s)

plot time cfvalu.324 line=solid symbol=! legend=’{Aerosol)’
cplot time cfvalu.424 line=mdash symbol=& legend=’(Vapor)’
legend,bottom

*

vlabel,Upper Dome CsOH Pool Mass (()kg)

ulabel,Time (()s)

plot time cfvalu.320 line=solid symbol=! legend=’(Aerosol)’
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cplot time cfvalu.420 line=mdash symbol=& legend=’(Vapor)’
legend,bottom

*

vlabel,I@2 Pool Mass (()kg)

ulabel,Time (()s)

plot time cfvalu.341 line=solid symbol=! legend=’Dome’

cplot time cfvalu.342 line=solid symbol=? legend=’Lower Drywell’
cplot time cfvalu.343 line=solid symbol=> legend=’Middle Room’
cplot time cfvalu.344 line=solid symbol=" legend=’Lower Room/Sump’
cplot time cfvalu.340 line=solid symbol=}, legend=’Upper Dome’
cplot time cfvalu.441 line=mdash symbol=& legend=’Dome’

cplot time cfvalu.442 line=mdash symbol=< legend=’Lower Drywell’
cplot time cfvalu.443 line=mdash symbol=@ legend=’Middle Room’
cplot time cfvalu.444 line=mdash symbol=\ legend=’Lower Room/Sump’
cplot time cfvalu.440 line=mdash symbol=" legend=’Upper Dome’
legend,next

3

vlabel ,Dome 1@2 Pool Mass (()kg)

ulabel,Time (()s)

plot time cfvalu.341 line=solid symbol=! legend=’(Aerosol)’
cplot time cfvalu.441 line=mdash symbol=& legend=’{(Vapor)’
legend,bottom

*

vlabel,Lower Drywell I@2 Pool Mass (()kg)

ulabel,Time ((Os)

plot time cfvalu.342 line=solid symbol=! legend=’(Aerosol)’
cplot time cfvalu.442 line=mdash symbol=& legend=’(Vapor)’
legend,bottom

%

vlabel,Middle Room I@2 Pool Mass (()kg)

ulabel,Time (()s)

plot time cfvalu.343 line=solid symbol=! legend=’{(Aerosol)’
cplot time cfvalu.443 line=mdash symbol=& legend=’(Vapor)’
legend,bottom

%

vlabel,Lower Room I@2 Pool Mass (()kg)

ulabel,Time (()s)

plot time cfvalu.344 line=solid symbol=! legend=’{Aerosol)’
cplot time cfvalu.444 line=mdash symbol=& legend=’(Vapor)’
legend,bottom

*

vlabel,Upper Dome I@2 Pool Mass (()kg)

ulabel,Time (()s) .

plot time cfvalu.340 line=solid symbol=! legend=’(Aerosol)’
cplot time cfvalu.440 line=mdash symbol=& legend=’(Vapor)’

legend,bottom
%
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vlabel,U Pool Mass (()kg)

ulabel,Time (()s)

plot time cfvalu.331 line=solid symbol=! legend=’Dome’

cplot time cfvalu.332 line=solid symbol=? legend=’Lower Drywell’
cplot time cfvalu.333 line=solid symbol=> legend=’Middle Room’
cplot time cfvalu.334 line=solid symbol=" legend=’Lower Room/Sump’
cplot time cfvalu.330 line=solid symbol=}), legend=’Upper Dome’
cplot time cfvalu.431 line=mdash symbol=4 legend=’Dome’

cplot time cfvalu.432 line=mdash symbol=< legend=’Lower Drywell’
cplot time cfvalu.433 line=mdash symbol=@ legend=’Middle Room’
cplot time cfvalu.434 line=mdash symbol=\ legend=’Lower Room/Sump’
cplot time cfvalu.430 line=mdash symbol=" legend=’Upper Dome’
legend,next

%

vlabel,Dome U Pool Mass (()kg)

ulabel,Time (()s)

plot time cfvalu.331 line=solid symbol=! legend=’(Aerosol)’
cplot time cfvalu.431 line=mdash symbol=& legend=’(Vapor)’
legend,bottom

*

vlabel,Lower Drywell U Pool Mass (()kg)

ulabel,Time (()s)

plot time cfvalu.332 line=solid symbol=! legend=’(Aerosol)’
cplot time cfvalu.432 line=mdash symbol=& legend=’{(Vapor)'’
legend,bottom

*

vlabel,Middle Room U Pool Mass (()kg)

ulabel,Time (()s)

plot time cfvalu.333 line=solid symbol=! legend=’(Aerosol)’
cplot time cfvalu.433 line=mdash symbol=& legend=’(Vapor)’
legend,bottom

*

vlabel,Lower Room U Pool Mass (()kg)

ulabel,Time (()s)

plot time cfvalu.334 line=solid symbol=! legend=’(Aerosol)’
cplot time cfvalu.434 line=mdash symbol=& legend=’(Vapor)’
legend,bottom

*

vlabel,Upper Dome U Pool Mass (()kg)

ulabel,Time (()s)

plot time cfvalu.330 line=solid symbol=! legend=’(Aerosol)’
cplot time cfvalu.430 line=mdash symbol=& legend=’(Vapor)’
legend,bottom

*

vlabel,CsOH Airborne Mass (()kg)

ulabel,Time (()s)

limits 1.0,-1.0 1.0e-8,1.0e-2
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plot time cfvalu.121 logv line=solid symbol=! legend=’Dome’

cplot time cfvalu.122 logv line=solid symbol=7 legend=’Lower Drywell’
cplot time cfvalu.123 logv line=solid symbol=> legend=’Middle Room’
cplot time cfvalu.124 logv line=solid symbol=" legend=’Lower Room/Sump’
cplot time cfvalu.120 logv line=solid symbol=} legend=’Upper Dome’
legend,lr

*

vlabel,I@2 Airborne Mass (()kg)

ulabel,Time (()s)

limits 1.0,-1.0 1.0e-8,1.0e-1

plot time cfvalu.241 logv line=mdash symbol=% legend=’Dome’

cplot time cfvalu.242 logv line=mdash symbol=< legend=’Lower Drywell’
cplot time cfvalu.243 logv line=mdash symbol=@ legend=’Middle Room’
cplot time cfvalu.244 logv line=mdash symbol=\ legend=’Lower Room/Sump’
cplof time cfvalu.240 logv line=mdash symbol=" legend=’Upper Dome’
legend,lr

%

vlabel ,U Airborne Mass ({)kg)

ulabel,Time (()s)

limits 1.0,-1.0 1.0e-8,1.0e-2

plot time cfvalu.131 logv line=solid symbol=! legend=’Dome’

cplot time cfvalu.132 logv line=solid symbol=7 legend=’Lower Drywell’
cplot time cfvalu.133 logv line=solid symbol=> legend=’Middle Room’
cplot time cfvalu.134 logv line=solid symbol=" legend=’Lower Room/Sump'’
cplot time cfvalu.130 logv line=solid symbol=}), legend=’Upper Dome’
legend,lr

*

keor* quit

*

vlabel,Dome to Lower Drywell Flow Rate (()kg/s)

ulabel,Time (()s)

plot time fl-mflow.1.001 line=solid symbol=! legend=’Pool’

cplot time fl-mflow.2.001 line=dotdash symbol=< legend=’Fog’

cplot time fl-mflow.3.001 line=sdash symbol=@ legend=’Steam’
legend,bottom

*

vlabel,Dome to Lower Drywell Total Flow (()kg)

ulabel,Time (()s)

plot time fl-i-mflow.1.001 line=solid symbol=! legend=’Pool’

cplot time fl-i-mflow.2.001 line=dotdash symbol=< legend=’Fog’

cplot time fl-i-mflow.3.001 line=sdash symbol=@ legend=’Steam’
legend,bottom

%

vlabel,Dome to Middle Room Flow Rate ((Dkg/s)

ulabel,Time (()s)

plot time fl-mflow.1.002 line=solid symbol=! legend=’Pool’

cplot time fl-mflow.2.002 line=dotdash symbol=< legend=’Fog’
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cplot time fl-mflow.3.002 line=sdash symbol=Q legend=’Steam’
legend,bottom

*

vlabel,Dome to Middle Room Total Flow (()kg)

ulabel,Time (()s)

plot time fl-i-mflow.1.002 line=solid symbol=! legend=’Pool’
cplot time fl-i-mflow.2.002 line=dotdash symbol=< legend=’Fog’
cplot time fl-i-mflow.3.002 line=sdash symbol=Q@ legend=’Steam’
legend,bottom '

*

vlabel,Middle Room to Sump Flow Rate (()kg/s)

ulabel,Time (()s)

plot time fl-mflow.1.003 line=solid symbol=! legend=’Pool’
cplot time fl-mflow.2.003 line=dotdash symbol=< legend=’Fog’
cplot time fl-mflow.3.003 line=sdash symbol=@ legend=’Steam’
legend,bottom

%

vlabel,Middle Room to Sump Total Flow (()kg)

ulabel,Time (()s)

plot time fl-i-mflow.1.003 line=solid symbol=! legend=’Pool’
cplot time fl-i-mflow.2.003 line=dotdash symbol=< legend=’Fog’
cplot time fl-i-mflow.3.003 line=sdash symbol=Q legend=’Steam’
legend,bottom

%
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