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MECHANISTIC DRY-PRESSURE-CONTAINMENT LOCA ANALYSIS

by

Lamkin, and A. Koestel

ABSTRACT

Procedures for performing mechanistic dry-pressure-con-
tainment LOCA analyses are presented, evaluated, applied, and
compared with other approaches. The procedures are based on

(1) the blowdown-introduced small drops (10 to 100 um) being

homogeneously mixed into the atmosphere, (2) drop (particle)
turbulent deposition on vertical surfaces, and (3) terminal
velocity gravity deposition on the floor. Variation of drop
size and mass transfer deposition velocity was found to have
a small effect on calculated results, except for the atmos-
phere water mass retention. The primary effect of the mech-
anistic approach was a saturated containment atmosphere,

with significant atmosphere water retention. The <calculated
containment pressure of the mechanistic approach was lower,

D
before the spray initiation, than that calculated by other

current procedures.




The purpose of this report is to introduce and evaluate the effect of a
mechanistic approach to the containment analysis of a loss-of-coolant accident
The physical processes involved in the transfer of LOCA blowdown water
to cont. - ment sump are central to this study. Because approximately 60% of
the Dlowdowr. 1s saturated water, different assumptions regarding the
introduction of the phases into the containment have been made. For example,
Ref. 1 considers the possibility that the break flow is partitioned into

B

separate 1i d and vapor phases. The liquid is assumed to go directly to the
sump whereas the vapor phase is introduced into the containment vapor-air
volume for the determination of pressure and temperature. On the other hand,
Ref. 2 introduces the full break flow into the containment, calculates the
corresponding equilibrium conditions, and then assumes that any liquid water
falls immediately to the sump, In both references, condensed water caused by
heat transfer to internal surfaces 1is also added to the sump. Clearly,
different values for the containment pressure, temperature, and atmosphere
water content and sump mass and temperature will result from these very

{ifferent ways of handling the blowdown.

es by which the blowdown makes its way to the sump

2

ourse, very complicated.”™ However, several interdependent mechanisms

identified.

n heat transfer.

interaction between the condensate film and the
liquid drop boundary layer.

ontainment convection currents.

“ 1 4

deposition resulting from turbulence and gravity.

mic liquid fragmentation.

We have investigate« ese phenomena in some detail over the past several
A
-~

/ears S a resi e believe that a mechanistic representation of the
yea . L f

-2
’

containmen ig. 1. Approximate values of pertinent quantities
\ b
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s1ze range. Because their small

readily maintained in the mosphere a a uniform “]‘f\){‘py-c;ﬁ(‘;p

bulence introduced by the blowdown momenta and the gravity-




The physical picture depicted in Fig. 1, which torms the basis of our
analysis, indicates a containment control volume of a homogeneous mixture of
air, steam, and small liquid water drops. The assumption that a homogeneous
mixture exists requires qualification because the mixing of the blowdown, with
its small drops, may be restricted by the local geometry near the blowdown and
the time required for mixing to occur. Accounting for the distribution of
the blowdown into the containment would be difficult and is not treated in this
report. However, Ref. 3 has qualitatively investigated possible mixing mechan-

isms and their response times to evaluate the degree of mixing that might be

expected. That <tudy also concludes that the containment atmosphere will be

predominantly a homogeneous mixture. Another way of viewing our assumption is

to consider the inclusion of the small drops to be an extrapolation of the
o £

current containment analysis procedures. The current approaches make the
homogeneous control volume assumption but do not consider the blowdown water

to be suspended as small drops.

is section, the bases for the calculated results presented in Sec. III
be established. In particular, Sec. II.A summarizes the basis for the
blowdown being in the form of a saturated vapor and small drops. Sections
and C develop the procedures for calculating the drop-mass transfer to the

a

containment surfaces by assuming that the controlling mechanisms are turbulent
deposition (Sec. 11.B) and gravity deposition (Sec. II.C). Section II.D dis-
cusses other models for the introduction of the blowdown into containment in
preparation for the comparisons of calculated containment parameters for all
models presented in Sec. III.

Wals
I

OCA-Generated
o
Drop sizes of 10-100 um e estimated to be produced by a LOCA blowdown.’
The estimates resulted the consideration of thermal and aerodynamic frag-
mentation of the liquid bu as well as coaaqulation, a process of the opposite
character. Thermal fragm on was determined to be controlling for the

temperature levels of a LOCA. Thermal fragmentation results fr.. the vapor




bubbles in the liquid bulk extending the liquid into thin films, which upon
rupture leads to the formation of many smail drops. Drop sizes were estimated
by developing a theoretical thermal fragmentation model that was validated by

several sources of experimental measurements for liquid water temperatures up
to 422 K (300°F). Theory allowed extrapolation to LOCA temperatures. The

theoretical treatment required (1) density of potential nucleation sites in
the bulk liquid, (2) surface energy formed by bubble growth, (3) the critical

condition for "bubble burst," which is an empirical quantity based on several
independent test measurements, and (4, conservation of liquid mass and surface
enerqgy after bubble burst to compute the drop size.

This discussion describes the basis for the sizes of the LOCA-generated
drops that are introduced into the bulk containment. However, within the bulk
containment the sizes of Lhe suspended drops might change because of coagula-
tion. The following analyses do not account directly for coagulation be:.use

experiments have shown that coagulation is prevented by vapor repulsion

v 2)

while the drops are suparheated (Ref. 7, pg. 3), (2) at thermal equilibrium
the effect of thermal (Brownian) coagulation can be neglected for the sizes
of drops estimated to exist, > 10 um (Ref. 3, pg. 42), (3) velocity gradient
cvagulation is neglected because the gradients are predominantly at the con-

tainment walls and not in the bulk (Fig. 1), (4) forced coagulation caused

b

by other influences, such as electrical and gravitational, are unknown and
therefore neglected, and (5) any drop size variation caused by coagulation
than accounted for by the drop size variation scnsitivity <tudy

1 in the analysis.

or computing drop deposition is
pplicahle, after which limitations can
tations is crucial because one must extrapolate
1at one can gather from small-scale experiments conducted
containment conditions, where the hydrodynamics may be
earch into the subiec nas shown that the momentum
sition but with many dev

*n -~
the dy op. wWher

Dre vents then




the turbulent eddies of the vehicle fluid. This causes the eddy kinematic

viscosity of the drops to be different from that of the fluid, namely, ~d¢*.
When drops are diffused in the laminar reaime, such as in a laminar sublayer
adjacent to a wall, it is by Brownian motion where the enormous size of the

drops, in contrast to that of the molecules, makes the diffusivity of the drops
D4)
scaie (namely, Dy - D). The diffusivity of droplets by Brownian motion can be

much less than the diffusivity (D) of a diffusing species on a molecular

computed by means of Einstein's equation [Eq. (A-2)], which indicates that Dd
decreases with drop size and gas viscosity. Einstein's equatici accounts for
the drop inertia as it diffuses in laminar flow. No such formulation is avail-

able for the eduy kinematic viscosity of drops although several analyses have

9.1

been presented in the literature with varying success in their applications.”

However, there appcears to be one common parameter, the meaning of which can be

-

: i 12 ¢ . :
interpreted by means of the relaxation phenomena. he relaxation time, based

on Stokes Law, is

’

(1)

where p, is the liquid drop density, d is the drop diameter, and u is the sur-
rounding medium viscosity. The relaxation time is a measure of the drop in-
ertia in a turbulent eddy. A normalized nondimensional expression for the re-
laxation time is presented in the following discussion.

When the deposition ma.s-transfer coefficient is plotted vs the drop size
for a given fiow condition, a curve such as depicted in Fig. 2 is obtained.
Two distinct regimes are formed. One is diffusion controlled by Brownian
motion and the other, by turbulent eddy. Both regimes show a decrease
in the mass-transfer coefficient with an increase in drop size caused
by inertia. For extremely small particles (d 0.1 um) the deposition is

)y Brownian motion in the laminary sublayer as computed by Einstein's

equation. For particle <izes grea.er than about 0.1 um, the turbulence outside
the laminar sublayer imparts sufficient momentum to the particles so as to ef-
fect their transport through the layer. This describes the transition to the
reqion wherein the laminar sublayer can no longer attenuate the effects of

turbulence. In this region of large particle size, the response of the particles
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Fig. 2. Mass-transfer coefficient vs drop diameter for a given flow condition
in a smooth tube.

to the turbulent fluctuation controls the transfer rate at the wall. Drops of
1lameters greater than about 50 um show effects of inertia in that their eddy
11 ffusivity begins to deviate from that of the fluid. The laminar sublayer
appears to be irrelevant in the transfer of drops in the turbulence-controlled
regime because the turbulence imparted to the drops is readily transmitted to
the wall as observed in Ref. 13.

Two effects must be considered when evaiuating the role of the laminar
sublayer in the transfer of droplets through it. One is the "Stokes' stopping

Q 1 15 .
),11,14-16 The former is a

stance” and the other the Staffman 1ift force.
measure of the inertial coas*ing effect as a means of transporting drops across
the laminar sublayer. The initial inertia is imparted tc the drop by the turbu-
lence. The latter i35 concerned with a force acting on the drop in a direction
normal to the wall because of the presence of a steep velocity gradient as
in Lhe laminar sublayer. This force can propel the drop either toward the wall
or away from the wall, depending on whether the velocity of the drop is greater
or less than the local fluid velocity. Again, the inertia of the drop on
entering the laminar sublayer determines the direction of the 1ift force. If
the drop velocity is greater than the local fluid velocity, the drop will be
deflected toward the wall; otherwise, it will be deflected away from the wall
Both effects mentioned indicate that, if there is sufficient turbulence-
induced inertia, the drop can coast or be propelled toward the wall.

M

any experimental analvsts have correlated their results within a factor

of about three with measurement reproducibility of about 50%. However, each




theory presented is applicatle within a certain regime as depicted in Fig. 2.

If researchers are to extend their work to containment conditions, the rey..ne
limits should be evaluated. After searching the literature, we found one
outstanding source that provided sufficient generalization for identifying the
location of the transition reaime. This is important because the dropiet mass-
transfer coefficient can decrease by several magnitudes when it is 1imited by
Bruwnian movement. The source iz Ref. 12 and Fig. 3 is reproduced from it.

his figure correlates the dimensionless particle (drop) deposition velocity

mass -transfer coefficient (also called the deposition veloci.y)

S

Y

shear stress velccity is the surface shear stress, p is the

snsity near the surface, T is given by Eq. (1), and

correlation is that a monodispersion of drops

control of variables. Drop sizes ranged from

other independent sources of data were included

as pointed out in Appendix A, the falling liouid

’

i11 be turbulent with a "rough" interface, thereby
boundary laver to be in the turbulent regime. Without

impede the transfer of droplets, the transition regime to

Brownian movement needs no further consideration.

.

ig. 3 the quantity V_ relates, by analogy, the deposition-

the shear stress velocity V, a< determined by the

The quantity T, accounts for the
deposition rates can be calcu-
Fig. 3, a supporting deposition analysis was formu-
lated ior a typical mechanistic model. Appendix A contains the analysis,
pport to th pper values of V,. In addition, the estimated

Ll

lues of the dimensionless
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Expeirimental relationship between tne dimensionless particle deposition
velocity and the dimensionless particle relaxation time.12 (Reprinted
with permission from the Journal of Aerosol Science, Volume 5, Benja-

min Y. H. Liu and Jugal K. Agarwal, "Experimental Observation of Aero-
ol Deposition in Turbulent Flow," Copyright 1974, Pergamon Press, Ltd.

+» Which indicate the applicability of dimensionless particle

near the upper reagions of the curve.

hear Stress Velocity

ey parameter required to apply Fig. 3 is the shear stress velocity V,
$n \/ -

define V, for a falling liquid film is developed in Appendix




. - L
\ . . x
‘.
' 4 \
V% ip ° (4)
where u. is the mean velocity of the falling film. The development is based on
it

detailed film measurements presented in Ref. 17 and confirmed by the application

of classical hvdrodynamic theory.

The use of Eq. (4) requires a value for the mean liquid velocity u,. This
was obtained by writing a simple balance between the gravitational and shear

forces on the falling liquid, which results in the expressions (e.g., see Ref. 18)

I 1.04(qg l ( ) laminar) ,
(5)
\9)
1 p) o !
i ( ) turbu 1r ent ’
vhere g is t qravitational acceleration and T is the mean mass rate of liquid
flow per unit width of wetted wall. The mass represented by I' includes that
by YT ! the ( l'i'f("' T107 AT 1SS trar fer
The fi liquid caused by ndensation heat transfer is determined from
h T H{DMDEF (6)
where h_ is the heat-transfer coefficient, is the temperature difference used

1 4

11culate the heat transfer., H is a mean vertical height, and DMDE is the

ndensed mass to be associated with the heat transfer. The coefficients used
r 3 % * . i ] “Q 0 T i
In £Q. (¢ yre based on the well-known Tagami/Uchida data. These coef-

jents must account for the energy transfer resul

-

-+

ing from condensation and

the energy transfer from the bulk atmosphere to the vapor-air-liquid drop bound-

srv laver. Therefore, the DMDE term is not the inverse of the latent heat of
vaporization/condensation (1/h. ) as one might guess. Instead, an expression
4
houid be used, 1.¢
M ] + 4 - v_- + - 1 n ; + n - ¥ | i 4
) 3 r he ’
» t
wherse the rath f steam ma entering the boundary layer to that condensed;




10 of atmosphere (bulk) air to s n mass (a known quantity); h“a
"¢ the bulk atmosphere air and steam enthalpies, respectively; h. and
a
the average boundary layer enthalpies for the air and steam, respectively;
the enthalpy of the condensed liquid assumed to be at the wall temperature.

shows that 1.0 and recommends the use of a value of o« = 1.0 to

conservative calculated containment pressure. Conservative in this
maximize the atmosphere specific internal energy, which pro
zing the calculated pressure and temperature.

irated condition only the quality would chanae.

Eq. (5) must also include the contribution to the liquid

transfer. The drop mass-transfer rate per unit area is

er coefficient and C_ is the bulk atmosphere mass
!
ncentration mass/volume Note that the deposition surface concentration is
assumed to be zero, i.e., there are no particles or drops, only liquid. The 8

term is obtained from the V_ term of Fig. 3 by

sphere results in an associated
water at the atmosphere
the deposited mass and its
Actually, the depos
irfaces.

.‘kr“

Drops introduced into the containment may fall because of gravity. A con-

+ 3 r ntina for t+thi nrecinitatior 1 +n




Note that this precipitation would only occur in the lower portions of the
containment where the mixing phenomena depicted in Fig. 1 are minimal. However,
large heights are not required to achieve terminal velocity for small drops as
discussed in Ref. 3. In addition, the assumption of terminal velocity will max-
imize the calculated deposition caused by gravity. Several equations are avail-
able for the calculation of terminal velccitv."1 Using a force balance between

gravity and a modified Stokes Law drag (see Ref. 16), the equation we used is

(10)

the drop diameter, p, is the drop density, Mg is the bulk atmosphere
viscosity, S > avitational acceleration force, Uy is the term-
ity, and v_ is ) atmosphere steam-air mixture kinematic viscos-
This equation was checked by similar equations in Ref. 21 and terminal
information given in Ref. 22. Representative values of terminal veloc-
that result from ¢ ‘ ressure of 3 bar and temperature of 400 K

are:

t
(m/s) (ft/s)

0.29x10" 0.94x10"
0.00073 0.0023
0.0029 0.0094
0.044 0.14

lote that we have used the terminal velocity as the deposition velocity on

horizontal surfaces.

Other Blowdown Models

sical situation depicted in Fig. 1 and calculated by

{ C 1

requires comparison with current

Secs

are described in this section to provide

in understanding the results presented




The blowdown model of Ref. 2 is based on the assumption that all of the

break flow goes into and mixes uniformly with the containment atmosphere.

ne mixing process results in an air-steam and, possibly, liquid water mixture

in thermodynami

¢ equilibrium. After the equilibrium state is reached, a check
de for the existence of 1iquid water. Any water found is assumed to in-
stantaneously rain to the floor sump. Note that this approach will result in a

saturated condition if the blowdown contains a sianificant quantity of water.

wever, the rain assumption removes the possibility of previously introduced
water acting as a heat sink and thereby prolongs a previous saturated state.

Reference 1 discusses several different models for the partitioning of
the bl

biowdown into a vapor part added to the containment atmosphere and a liquid

that 1s added to the floor sump. The partitioning is based on

por Traction, h;, s the blowdown enthalpy, h. is the liquid
N, 1s the vapor part enthalpy. The thermodynamic containment
17

.he determination of h. and h_ in Eq. (11) are varied in Ref. 2.

"tition variations are described in Table I. This table provides simple

ations for the partition, the instantaneous mixing and the Sec.- II1.A-D

8
istic models. Note that the Eq. (11) partitioning of the blowdowr will

In a

superneated atmosphere because only vapor is introduced into the

different methods addressed in Sec. II for performing a containment

are evaluated. The evaluation is based on the calculation of contain-
"ature, atmosphere water retention, sump water mass, and

vater temperature for a representative dry containment LOCA problem. The

entative problem is described in Appendix C, which also discusses the

manner of using the COMPARE-Mod 123 code for the calculations.

A1l calculations were performed to the time of spray initiation, which is
b s for the representative problem. After the time of Spray W.!“l’f,;'!t’;(uﬂ, the

(

mechanistic approach method becomes academic in the sense that the spray water




TABLE 1
CONTAINMENT ANALYSIS METHODS

_— " . a
_Partitioning Basis

h_ Based on he Rased on

Designation q Comments

P-p Total Pressure Total Pressure

S-P Steam Partial Total Pressure
Pressure

Steam Partial Steam Partial
Pressure Pressure
Temperature Temperature See Eq. (

NA NA Instantaneous Mixing
with Rain

NA Meclhanistic

irops dominate ine containment thermodynamics and the addition of water and

energy to the sump. This is due to the relatively large spray drop sizes (100-
um, Ref. 3) and the large mass introduced. To facilitate the discussion

of the calculated results, the designations for the different methods presented

in Table II will be used.

Representative calculated results for the different approaches are
presented in Table II and in Figs. 4-6. The Table Il calculated results are at
20 and 60 s. Results &t 20 s are significant because blowdown is essentially
complete at this time (see Appendix C) and is therefore the end of the intro-
juction of water into the atmosphere. Also, after 20 s, many of the parameters,

and temperature, do not change much (see Figs. 4-6).
Representative results for the different approaches are given in Table II
for convenience. Variations around these representative results have been

studied, and the effects of the following variations are presented.




Instantaneous Mix-
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Fig. 5c.
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1. Source temperature and mass renova18 to be used in conjunction
with condensation heat transfer.

2. Different partition models, see Table I.

3. Mechanistic model assumption variations, such as drop size and
dimensionless drop deposition velocity (see Fig. 3),

A. Heat-Transfer Variations

Heat transfer to heat sinks within the containment is based on the Tagam119

data, which are used to the end of blowdown, and Uchi~a?? data, whic) are used
after blowdown.* This approach is recommended by Refs. 24 and 25. These recom-
mendations do not include consideration of the source temperature to be used
and the resulting condensed mass. Reference 8 addressed these considerations
and showed them to be importaat for a steam-line break analysis. This study
resulted in the following recommendations for a main-steam-line-break contain-
ment analysis:

1. the difference between the bulk temperature and the wall tempera-
ture should be used to determine energy transfer to heat sinks and

2. the condensed mass to be associated with the energy transfer should
be as given by Eq. (7).

In comparison, analyses have been previously performed with the steam satura-
tion temperature used as the source temperature and the condensed mass associ-
ated with the heat transfer totally based on the latent heat of vaporization/
condensation.2
Table III presents the results of this variation in performing the heat-
transfer analysis. This comparison shows that the Ref. 8 recommendations re-
sulted in small changes for the instanta.. 'ixing approach. However, the
partition approach (S-P) is shown to be more sens:tive. The difference of
sensitivity is due to the differences in thermodynamic states. The I-R tran-
sient is mostly saturated whereas the S-P transient is mostly superheated. As
discussed in Ref. 8, superhcated steam temperature (and pressure) is qu'te

sensitive to the steam specific internal energy, which is affected by the energy

and mass removal caused by the heat transfer.

*
See Appendix C.
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TABLE III
SENSITIVITY (%) OF NEW HEAT-TRANSFER ASSUMPTION

Note: Sensitivity of parameter P = (Pnew - pold) X 100/Pold where old refers
to the Ref. 2 assumptions (Tsource = Tsat' mass removal based on "fg
only) and new refers to the Ref. 8 assumptions [T
mass removal based on Eq. (8)].

source - Tbulk®

Sensitivity (%)

Atmosphere Sump

Time,
Approach S Pressure Temp Mass Temp
Instintaneous Mix ‘ng 20 0.4 0.4 - 0.4 -1.4
with Rain
(I-R) 60 0.2 0.4 - 0.3 - 3.2
Representative 20 -1.8 -0.4 1.0 - 1.6
Partition (S-P)

60 - 3.3 - 2.7 2.2 -1.9

B. Partition Approach Variations

Only a representative partition approach (S-P) was used for some of the
previous comparisons. However, several partition approaches are prcposed in
Ref. 1 and summarized in Table I. Table IV summarizes the calculated results
for the different partition approaches. These resulis are characterized by
the early superheat temperature peak, which is due to the partition approaches
introducing only vapor into the rontainment atmosphere. The results of Table
IV are readily explained by considering the enthalpies of the vapor and liquid
as they affect

1. the vapor temperature, and therefore pressure,
2. the sump temperature, and

) the distribution of blowdown mass.
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TABLE IV

X = Min = N
hg - hf
Atmosphere
Partition App;°a°h Tine  Pressure TemEsr
Designation q f (s) MPa  psia g £
Total Total 10 0.389 56.4 456 360
p-p 20 0.413 59.9 457 362
Pressure Pressure 60 0.403 58.5 451 352
2 Steam Total ( 10 0.361 52.3 433 319
S-P Partial 20 0.386 56.0 436 325
Pressure Pressure 60 0.383 55.4 433 319
Steam Steam 10 0.378 54.8 436 325
S-S Partial Partial 20 0.405 58.8 440 332
Pressure Pressure 60 0.400 58.0 436 325
Atmosphere Atmosphere {10 0.369 53.5 448 347
T-T 20 0.388 56.3 452 354
Temeriture Tempera- 60 0.381 55.2 447 345
ture

aRepresentative Partition Approach used for other comparisons.

bSump water temperature higher than atmosphere saturation temperature.

DIFFERENT PARTITION APPROACH RESULTS

Sump
Mass Temp
Mg 10°16, K oF
108  2.37 370 206
135  2.98 376 216
144  3.18 377 218
m 2.44 394 250
138 3.04 397 254
146  3.2] 396 253
106 2.33 370 206
132 2.92 375 215
141  3.10 376 216
112 2.48 397 254
142 3.14 405  269°
151 3.33 4048  268b




Note that we believe the blowdown is introduced into the ccntainment as

a dispersion of small drops. The partition approach is presented in recoani-
tion of its current use by others.

C. Mechanistic Approach Variations

The representative mechanistic model used in previous comparisons is
based on a drop diameter (d) of 100 um and a Jimensionless deposition velo.ity
(V,) of 0.2. However, there are large uncertainties in the analyses leading
to the drop-size estimates (Sec. II.A) and the deposition coefficients (Sec.
I11.B-D). It is important, therefore, to determine the effects of various
values of d and V.

Tables V-VIII show the effects of various values of V_ and d on
caiculaced containment paremeters. Tables V and VI show the effects on
containment atmosphere pressure, temperature, and water mass. Table VII shows
the effects on sump mass and temperature. Table VIII shows the effects on the
fractions of the sump water that come from condencation, deposition,and rain.

Review of Tables V-VIII shows the following effects of the mechanistic

approach drop diameters (d) and dimensionless deposition velocity (V,)
variation.

1. Atmosphere pressure is affected by 0.2% or less for the drop sizes
(10-100 um) estimated to be introduced by the blowdown (Ref. 7) and
reasonable 1imits on V4 of 0.1 to 0.4 (Tahles V and VI).

2. Atmosphere temperature is not affected (Tables V and VI).

3. Water holdup in the atmosphere, and therefore sump mass, varies
significantly, especially for the drop-size variation because of
the increased rain for the large-size drops (Tables V through VIII).

4. Sump water temperature varies by only about + 7 K (+ 13°F),Tab1e
VII. Note that the variation is directly dependent on the sump mass
fraction. This is due to the condensate mass being at a different
temperature (heat sink) than the rain mass, which is at the atmos-
phere temperature, and the deposition mass, which we have assumed
to be at the atmosphere temperature (see Sec. II1.C).

It should be noted that the lack of change in the calculated atmosphere
temperature (and pressure because the atmosphere is saturated) is due to use of
the same heat-transfer data for the determination of heat-sink energy removal.
Actually, a variation in the deposited mass changes the heat transfer because
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TABLE V
EFFECT OF MECHANISTIC APPROACH DROP DIAMETER (d) ON
CALCULATED CONTAINMENT ATMOS-HERE CONDITIONS FOR
FIXED DIMENSIONLESS DEPOSITION VELOCITY (v,) OF 0.2

Notes: (1) Sensitivity (%) of pressure and temperature based on their values
for different values of d relative to their values for d = 100 um
given in (2) below.

(2) Pressure and temperature for d = 100 um and V4+ = 0.2 (See Fig. 3):
At 20 s - Pressure = 0.368 MPa (5363 psia)
Temperature = 400 K (260°F)
At 60 s - Pressure = 0.37€ MPa (5%65 psia)
Temperature = 401 K (262"F)
Sensitivity (%)
Absolute Absolute Water Mass

Drop Diameter v Pressure Temperature Fraction

(um ) b 20 s 60 s 20 s 60 s 20 s 60 s
1 0.2 -0.2 -0.2 0.0 0.0 0.401 0.305
10 0.2 -0.2 -0.2 0.0 0.0 0.401 0.304
100 0.2 0 0 0.0 0.0 0.386 0.261
500 0.2 0.4 0.4 0.0 0.0 0.301 0.082
1000 0.2 0.8 0.7 0.1 0.0 0.227 0.917

the liquid film thickness, velocity, and other parameters vary. This
sophistication was not included in our analysis because the use of the Tagami/
Uchida data is the current accepted practice, e.qg., see Ref. 8. However, a

more complete analysis of the heat transfer is a logical extension of the liquid

film analyses that we have performei for the determination of mass deposition.
This is recommended for future work.
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TABLE VI
EFFECT OF MECHANISTIC APPROACH DIMENSIONLESS DEPOSITION VFLOCITY (v,)
ON CALCULATED CONTALAMENT ATMOSPHERE CONDITIONS FOR
FIXED DROP DIAMETER (d) of 100 um

Notes: (1) Sensitivity (%) of pressure and temperature based on their values
:or(g;ffe;ent values of V4 relative to their values for V4 = C.2 given
n below.

(2) Pressure and temperature for d = 100 um and V, = 0.2 (se« Fig. 3):
At 20 s - Pressure = 0.368 MPa (5353 psia)

Temperature = 400 K (260°F)
At 60 s - Pressure = 0.376 MPa (5405 psia)

Temperature = 401 K (262°F)

Sensitivity (%)

seposition velocity e 2. -

A e Ts W A oW mso o
0.4 100 0.2 0.2 0.0 0.0 0.333 0.138
0.2 100 - - - - 0.386 0.261
0.1 100 - 0.2 - 0.2 0.0 0.0 0.405 0.326
0.02 100 - 0.2 - 0.2 0.0 0.0 0.416 0.369
0.002 100 - 0.2 - 0.2 0.0 0.0 0.416 0.369

TABLE VII

EFFECT OF MECHANISTIC APPROACH DROP DIAMETER (d) AND
DIMENSIONLESS DEPOSITION VELOCITY (V,) ON CALCULATED CONTAINMENT SUMP
MASS AND TEMPERATURE

Dimension] —3

mansioniess

vy Deposition e N o

D'mj" v, M, 10°1b . 10°18 r

ug 10 koo omg 0 ko

100 0.4 49 1.070 390 242 111 2.480 394 250
100 0.2 27 0.588 387236 78 1.709 393 248
100 0.1 18 0.397 382228 55 1.210 391 244
100 0.02 12 0.275 376 217 8 0.827 387 237
100 0.002 12 0.275 376217 38 0.827 387 297
1 0.2 20 0.435 384 231 63 1.38 392 246
10 0.2 20 0.437 384 231 63 1.391 392 246
100 0.2 27 0.588 387236 78 1.709 393 248
500 0.2 60 1.320 390 242 123 2.709 394 249

1000 0.2 83 1.827 391 243 135 2.976 393 247



TABLE VIII
EFFECT OF MECHANISTIC APPROACH DROP DIAMETER (d) AND
DIMENSIONLESS DEPOSITION VELOCITY (Vv.) ON
CALCULATED SUMP MASS SOURCE FRACTIONS

Sump Mass Source Fractions

Dimensionless
Deposition
Drop .

Diameter Ve50c1ty Condensation
d(um) + 20 s 60 s
100 0.4 0.02 0.09
100 0.2 0.16 0.13
100 0.1 0.24 0.18
100 0.02 0.3 0.27
100 0.002 0.34 0.26
1 0.2 0.22 0.16
10 0.2 0.22 0.16
100 0.2 0.16 0.13
500 0.2 0.07 0.08
1000 0.2 0.05 0.07
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Deposition
Vs ©OBUS

0.77
0.55

0.32
0.0

0.0

0.78

0.78
0.55

0.18
0.10

0.77
0.59

0.36
0.0

0.0

0.84

0.84
0.59

0.19
0.10

Rain
v s

0.14
0.29

0.44
0.66

0.66

0.0

0.0
0.29

0.75
0.85

0.14
0.28

0.46
0.73

0.74

0.0

0.0
0.28

c.73
0.83




IV.

CONCLUSIONS

10.

The effects of blowdown-introduced drops on a dry-pressure-containment
LOCA analysis can be estimated by a mechanistic approach.

The mechanistic approach depends on an accounting for the drop (par-
ticle) turbulent deposition and the drop deposition caused by gravity
(rain), the latter based on terminal velocity.

To complete the mechanistic approach analysis, the effects of heat
transfer (based on Tagami/Uchida data) and the associated condensed
mass removal were included.

As a result of the drops. the atmosphere thermodynamic conditions were
completely saturated.

Variation of the mechanistic approach assumptions results in small
changes in the calculated atmosphere pressure and temperature. This
is due to the use of the Tagami/Uchida heat-transfer data which have
limited variations in, for example, film mass.

The film mechanics analyses developed for the estimation of mass
transfer shculd be extended to the determination of heat transfer
so that a more flexible heat-transfer model is avaiiable.

The mechanistic approach assumption variations had their primary
effect on the atmosphere water retention and therefore the sump
water mass.

Because of the large uncertainty in the estimated drop sizes and mass
deposition velocity, these parameters were varied over a wide range
in a sensitivity study of the mechanistic approach.

In contrast to the approach of Ref. 2, whicn assumes instantaneous
introduction of the blowdown and the raining of atmospheric liquid, the
mechanistic approach results in significantly (5%) lower atmospheric
pressure and slightly lower atmospheric temperature.

In comparison with the partition approaches of Ref. 1, the mechanistic
approach results in slightly (2%) lower atmospheric pressure and
significantly lower atmospheric temperature.

29



APPENDIX A

DROP DEPOSITION ON A FALLING LIQUID FILM BY ANALOGY

The purpose of this appendix is to evaluate the drop mass deposition corre-
lation depicted in Fig. 2 by the derivation of a drop mass deposition relation-
ship based on ‘he analogy between drop mass and momentum transfer. The ad-
vantage of using the analoay (Ref. 26) is that the better understood mechanics
of momentum transfer can be modified by a simple factor to obtain the not so
readily measured drop mass transfer. The factor used is the ratio of drop mass
eddy diffusivity (ed) to momentum eddy diffusivity (e), which becomes the con-
nectino 1ink between drop mass and momentum transfer.

The drop mass-transfer rate can be expressed by

" dc g

where Dd is the Brownian drop mass diffusivity, €, is the drop mass eddy dif-
fusivity, C is the drop mass concentration, y is the normal-to-the-wall coordin-
ate, and u, is the drop equilibrium (terminal) velocity resulting from a drop
body force; such as gravity, whick for a vertical containment surface is zero.
The Brownian drop mass diffusivity is given by (Ref. 27)

'Y (A-Z)

where K' is Boltzmann's constant, T is absolute temperature, p is the gas
viscosity, and d is drop diemeter.

Equation (A-1) will now be applied to a containment vertical wall with a
failing liquid film as shown in "ig. A.1. The liquid is a result of
condensation and drop mass deposition and is assumed to form a wavy interface
because of the Targe heights involved in containments. The figure shows the
film wave height B, the mean film velocity Uss and a wave crest velocity of
U Between the liquid f11m and the buik atmosphere a boundary layer of
thickness A is shown. In this boundary layer, the drop mass concentration

diminishes from the bulk value Cb to zero at the liquid film. In
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Fig. A.1. Schematic representation of the fallina liquid film and steam-air-
1iquid drop boundary layer that is between the containmment atmos-
phere and a vertical heat sink.

addition, we have assumed that the boundary layer velocity has a free-turbulent
and a wall zone separated where the downward velocity is a maximum (U). Because
of the wavy surface, a turbulent film can be assumed resulting in €q > Dd’
Cquation (A-1) becomes, with uy = 0,

Mg = €4 dy
Introducing the diffusivity ratio into this equation results in

“d dc
md -E— € a‘y . (A-3)

We will now develop an approximate expression for ¢ for substitution into
Eq. (A-3) based on Prandtl's mixing length and Karman's similarity theories
(Ref. 28). Assuming isotropic turbulence,

€= u't s (A'a)
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where u' is the mean turbulent velocity fluctuation and the mixing length £ is
given Dy

L= K.y ’ (A-S)

which appiies to either a smooth or rough interface (Note, Rcf. 28, pg. 510,
shows that K = 0.4). In addition, we can use

u' = g -~ . (A-6)
Substitution of Eqs. (A-5) and (A-6) into Eq. (A-4) gives

e = (ky)? %3’7 : (A-7)

To obtain the du/dy term in Eq. (A-7), we will use the logarithmic
velocity distribution law for a rough csurface from Ref, 28.

=]K'|n%+s, (A'a)

<|:

*

where V, is the interfacial shear stress or friction velocity, B is the rough-
ness height (in this case the wave height), and S is a constant. The shear
stress velocity is related to the interface shear stress T and density p by

v, = /% . (A-9)

when the interface is "hydraulically rough," the shear stress at the interface
depends on the local velocity and ot on the peak velocity u. This can be de-
duced from Eq. (A-8) by substituting u = u. aty =8, which results in

UC
S = —B-— . (A‘10)

Substitution of Eq. (A-10) into Eq. (A-8) results in
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u__ | k L
v:-K]nﬁ-‘kv“ . (Al])

Differentiation of Eq. (A-11) gives

which can be substituted into Eq. (A-7) to produce
e=KyV, . (A-12)

Comparison of Eq. (A-12) with Eqs. (A-4) and (A-5) reveals that V, = u', which
approximately agrees with measurements (Ref. 29). Substituting Eq. (A-12) into
Eq. (A-3) results in

€
-4 dc 3
my == Ky ¥e &y - . (A-13)

To complete the development sought, we wili use

B4 md/Cb, where Bd is the drop mass-transfer coefficient,
2.V, = B4/Va» where V, is the dimensionless particle (drop) deposition
velocity used in Fig, 3.

3. (Ky) Z Ky/2, see Fig. A.1,

avg.

A A

4. dC/dy = C/y fcr the wall zone shown in Fig. A.1, and

5. (Crcy) = ()"’

based on a 1/7 concentration profile.
Substitution of the above into Eq. (A-13) results in

B 3
_d _ d K 1/7 -
v, " 2@ =14

I
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The value of K = 0.4 can be used based on the classic mixina analysis approach
(Ref. 28, pg. 510). Also, our application of the same approach to the bound-
ary layer shown in Fig. A.1 gave §/A = 0.061. Substitution of these values
gives

. €d

Ve = 0.134 e (A-15)

To complete the analysis of this appendix, values of Ed/c are needed. A
literature search of deposition and diffusion measurements for fuel sprays re-
vealed that “d/e values ranged between 1 and 2. Substitution of these eddy
diffusivity ratios into Eq. (A-15) gives V, values between 0.134 and 0.268.
These values bracket the maximum value of V_ in Fig. 2 and therefore give us

confidence in using Fig. 3.
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APPENDIX B

INTERFACIAL SHEAR STRESS

The deposition section in the main text of this report suggests the use of the
deposition correlation presented in Fig. 3 for the determination of drop mass
deposition. However, the use of this correlation requires the interfacial
shear stress (friction, velocity term V,. In this appendix we will develop
and verify that an appropriate exnression is

V* = ud/lo , (B-])

where u. is the mean velocity of the falling liquid film, V, = /?75;'. 1 is the
interfacial shear, and pg is the gas density near the interface,

We will now cdevelop a re ationship for the interfacial shear stress. This
is for a liquid film that is falling on a vertical wall, see Fig. 1. According
to experimenters "falling films" rarely have smcoth interfaces. In laminar flow
a rippled interface persists to Reynolds number as low as 6. When turbulence
sets in,the wave structure become increasingly complex as the Reynolds number is
increased. It becomes obvious that the "roughness" of the interface is a
significant factor in determining the flow stresses. For example, Schiichting
(Ref. 28) 1in his early work measured the shear stress over various types of
roughness elements in terms of uc/v*,where Ue is the fluid velocity immediately
over *the crests of the roughness elements. A similar relationship can be de-
veloped for roughness associated with & following liquid film.

ChieJ7carefu11y measured the 1iquid film structure for a "falling film"
and for films in annular two-phase flow. Measurements of pressure arop, wave
crest height, mean film thickness, and continuous sublayer thickness were made.
Cnien's two-phase low data are successfully correlated by relating the super-
ficial friction factor (fé) to the disturbed liquid film thickness (ém - GB) by

6, - b )0.485 ,
fg = 1.2 (—- T , (B-2)

is the mean film thickness, and
35
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58 is the minimum film thickness (Fig. B.1). Shear stress can be introduced
into Eq. (B-2) by means of

-

8!’

9 'g

where T is the shear stress, fg is the gas density near the interface, and Vé

is the superficial gas velocity. Equations (B-2) and (B-3) can be used to 2b-

tain the shear stress, needed in Eq. (B-1), in terms of the superficial ve ocity.
To obtain the Eq. (B-1) expression, u, must be related to the superficial

velocity. This can be done via the velocity profile for a rough wall with Ug®

the velocity on the profile at the me:n film thickness distance from the wall.

Notz that we have assumed that the mean film velocity is approximately equal

to the gas velocity ue at the interface. This is shown to be a good assumption

" (B-3)

v

in the following verification aiscussion.
Application of the above procedures(to Chien's datal)resuits in the ué/V,

vs liquid film Reynolds correlation given in Table B-1. The resulting correla-
tion shows that u6/V* is relatively constant (at a value of about 10) .over a
wide range of liquid film Reynolds numbers. This is not surprising considering
that the turbulent friction factor for a rough surface is relatively independent

VERTICAL WALL

S S S

Fig. B.1. Schematic representation of falling 1iquid film.
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RFMICTION OF CHIEN'S (Ref. 17) FALLING LIQ"'ID FILM MEASUREMENTS
TO A CORRELATION BETWEEN THE RATIO OF MEAN LIQUID FILM VELOCITY (u
AND INTERFACE SHEAR STRESS VELOCITY \ Vg
Film Geometry
'4~"1- 15T R ]
lld . EC '3 ' . 4
Test Flow Liquid Fili mi ‘
Rur kag I Reynolds No. R m/ ¢ \"‘
. o 120 1€ 1 N AF [ A:" 9.6
Y. 1 1.06 0.94 6 1.17 10.2
3 /¢ 61 5.0 1.07 0.5¢ 1.89 10.4
A . 1177 6.1 1.27 0.66 2.4 10.2
‘ 181 14¢ 11 1 65 £ 2.63 10.1
f Reynolds numbey nilar results are reported in Ref To verify the
xperimentally ind d u /V, value of about 10, two theoretically based
estimates of this ratio are now given. The first uses Prandtl's mixina lenath
hvpothes) for an idealized wave str IcCture , and the econa use the Blasius
near equation for t bulent flow between the wave crests.
] Prandt] Mixing Lenc Hypothesis. Figure B.2 depicts an idealized
- ~— el - - PR " 2
. v 1iquid film with a wave amp1 itude b) equal to its mean thickness &, Note
that the liquid film and aqa velocity profiles are assumed to be approximately
identical. This defines the gas velocity at several points to be used with the
Prandt1's mixing length hypothesis (Ref

! B-4

where is the wall or interfacial shear stress., appr ximately), 1s the gas
lensity rear the interface. is the mixing lenath, and (du ] 1s a represent-
w
\tive vel ity gradient near the wall. From Ref. : . = Ky, where K = 0.4, a
iniversal constant for turbulent flow. Equation (B-4) then become
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Fig. B.2. Schematic representation of an idealized 1iquid film for Prandtl's mix-
ing length hypothesis application (note identical liquid and gas
velocity profiles).

2 2,du,?
T=p Ky (3)
dy N
or
v, = ky(34) (B-5)
* " .Ya'y .
w

Let us assume that the velocity gradient in Eq. (B-5) at y = b is

As a result, Eq. (B-5) becomes
Ve = 2K(u, - ug) = 2K cp , (B-6)

where Cp = Uy - Ug is the velocity of propagation of a wave relative to its
undist urbed fluid, which is flowing at the velocity us as shown in Fig. B.3.

We now need suitable values for substitution into Eq. (B-6). References 31
and 32 indicate that a suitable value for Co/u; is 0.12 (for a water film in
contact with air). Also, K = 0.4. Substitution results in
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Fig. B.3. ?is?urbance wave propagation velocity is Cp greater than film velocity
Ug).
8

<lc
O

-10.4 ,

*

which is close to that obtained from Chien's data as shown in Table B-I. Note
that the assumption that Ug - U, is confirmed by the small value of Cps+ Which
is for a small amplitude wave and therefore of questionable applicability to

the present situation. In fact,

C u
B e 002 = £ o
s 5

results in uc/u6 = 1.12.

2. Blasius Shear Stress. The Balsius shear stress equation is

t = 0.0228 p uz(‘l";)‘/“ .

Based on Figs. B.1 and B.2, we will assume the equation can be applied at
y=y' =6 - db, at which the gas velocity is assumed to be equal to the liquid
velocity Ug- As a result,

V2 = 1/p = 0.0228 (=)'t (8-7)

é
Substituting the uc/u6 = 1.12 value developed in Sec. 1 above, the kinematic
viscosity for air, and the (& - 6B) values from Table B-I into Eq. (B-7), re-

sults in uc/V, values ranging from 9.5 to 14.1 for Runs 1 through 5, respectively,
39



of Chien's data. These values are reasonably close to those in Table B-I, al-
though somewhat higher, which may be due to real wave structure being rougher
than that assumed in the idealized model.
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APPENDIX C
CONTAINMENT PROBLEM

The dry pressure containment calculations performed for LOCA analysis are
based on the representative problem described by the (1) basic parameters of
Table C-1, (2) LOCA biowdown of Table C-I1I, and (3) passive heat sinks
described by Tables C-III and C-1V. Note that the heat-sink description uses
(1) a liner-to-concrete contact resistance of 57 W/m2/K (10 Btu/h/ft2/°F) and
(2) a concrete thickness of only ~0.15 m (6 in.), which are recommended in
Ref. 33.

Heat transf<~ to heat sinks within the containment, except for the
containment floor/sump region, is based on the Tagami19 and Uchic!az0
condensation heat-transfer data. The Tagami data are used to the end of
blowdowr after which the Uchioa data are used. Heat transfer from the
containment atmosphere to the containment floor/sump region is based on a
coefficient of 1.1 W/me/k (0.2 Btu/h/ft2/9F). Heat transfer to the sump 1iquid
is assumed to be negligible.

Calculations were performed with the COMPARE-Mod 1 code?3 modified to
include (1) a sump, (2) drop deposition, (3) terminal-velocity precipitation,
and (4) various partition approaches, etc. The acceptability of the COMPARE (a
containment subcompartment analysis) code to perform containment
pressure-temperature analysis was verified by comparing results for identical
calculations with the COMPARE and CONTEMPT (Ref. 2, codes.

TABLE C-1
CONTAINMENT PROBLEM BASIC PARAMETERS

Net Free Internal Volume, m3 (ft3) - 7.02x10% (2.48x106)
Initial Absolute Total Pressure, MPa (lbf/mz) - 0.101 (14.7)
Initial Temperature, K (°F) - 319. (115.)

Initial Relative Humidity, percent - 30

End of Blowdown Time, s - 20.5

Spray Initiation Time, s - 60,

a1



CONTAINMENT

Mass-Flow Rate

Time,s  Mg/s 103”:’m/s
0. 0. n.
0.025 34.81 76.75
0.075 34,24 75.51
n.2 36.16 79.73
0.25 43,45 95.82
0.5 40.24 88.74
1.0 36.30 80.04
1.2 30.34 66.91
2.0 24.58 54.19
4.0 19.94 43.97
6.0 14,51 31.99

10.0 8.961 19.76

13.5 4,150 9.151

15.0 2.408 5.309

15.2 2.276 5.018

15.5 Z.669 5.885

16.5 2.135 4,708

17.5 1.601 3.531

18.5 1.067 2.353

19.5 0.533 1.176

20.53 0. 0.

23.0 0.226 0.498

24.5 0.314 0.693

26.0 0,373 0.823

26.3 0.187 0.412

40.0 N0.182 0.401

50.0 0.178 0.393

60.0 N.174 0.384

69.7 N.171 0,376

70.0 0.240 0.750

3tnd of blowdown.
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TABLE C-1I

PROBLEM LOCA BLOWDOWN

Energy-Flow Rate Enthalpy
GJ/s 1068tu/s  MJ/kg  Btu/lbg
0. 0. -- --
45.93 43,56 0.59¢€8 567 .6
45,23 42.90 0.5993 568.1
47,95 45,48 0.6018 570.4
57.75 54,78 n.6031 571.7
54,04 51.26 0.6094 577.6
49.78 47.22 0.6225 590.0
41.58 33.44 0.6218 589.4
33.59 31.86 0.6202 587.9
27.54 26.12 0.6267 594.0
22.98 21.80 0.7190 681.5
13.56 12.86 0.6866 650.8
5.298 5.025 0.5793 549.1
2.925 2.774 0.5512 522.5
2.733 2.592 0.5449 516.5
3.063 2.905 0.5207 493.6
2.450 2.324 0.5207 495.6
1.838 1.743 0.5207 493.6
1.225 1.162 0.5210 493.8
0.613 0.581 0.5212 494.,0
0. 0. - --
0.682 0.647 1.371 1299.
0.950 0.901 1.372 1300.
1.131 1.073 1.376 1304.
n.564 0.535 1.370 1298.
0.549 0.521 1.371 1299.
0.538 0.510 1.370 1298.
0.527 0.500 1.374 1302.
0.516 0.489 1.372 1300.
1.031 0.978 1.376 1304,



TABLE C-II1
CONTAINMENT PROBLEM HEAT SINKS

Heat Sink, Area, and Thickness
Composition mm in,
Containment Wall 1073. 42.256
[6 638 m? (72 450 ft2)]
Inorganic coating 0.15 0.006
Carbon steel liner plated 6.35 0.25
Concrete?@ 165.1 6.5
Containment Dome 768.50 30.256
[2 244 m2 (24 150 ft2)]
Inorganic coating 0.15 0,006
Carbon steel liner plated 6.35 0.250
Concreted 165.1 6.5
Thick Steel 50.95 2.006
[307 m2 (3 300 ft2?)]
Inorganic Coating 0.15 0.006
Carbon steel 50.8 2.000
Thin Steel 9.04 0.356
[2 3843 m2 (25 220 ft2?)]
Inorganic coating 0.15 0.006
Carbon steel 8.89 0.350
Unlined Concrete Partitions 457.2 18.0
[4 942 m? (53 200 ft2)]
Concrete 165.1 6.5
Stainless Steel Lined Concrete 616.0 24,25
990 m2 (10 660 ft2)]

Stainless steel 2 6.35 0.25
Concrete @ 165.1 6.5
Containment Floor/Sump Region 1832.2 72.135

{1308 m2 (14 080 ft2)]
Organic coating 3.43 0.135
Concrete 165.1 6.5

%ontact resistance between steel and concrete,
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Material

Organic
coating

Inorganic
coating

Stainless
steel

Carbon
steel

Concrete

TABLE C-1V

CONTAINMENT PROBLEM HEAT-SINK THERMAL PROPERTIES

Thermal
Conductivity
W/m/K Btu/h/ft2/OF
0.17 0.1
5 1.0
17. 10.0
43.3 25.0

Constant Press.

Densjty .. 3 Specific_He 0
Mg !mg 13'“/ ft J/kg/K Bgu”bm/ F
1.51 94, 1381. 0.33
2.72 170. 502. 0.12
7.85 490, 460. 0.11
7.85 490. 460. 0.11
2.29 143, 879. 0.21
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Technical

Procedures for performing mechanistic dry-pressure-cohtainment LOCA analyses
are presented, evaluated, applied and compared with other approaches. The
procedures are based on (1) the blowdown-introduced small drops (10 to 100
um) being homogeneously mixed into the atmosphere, (2) drop (particle) tur-
bulent deposition on vertical surfaces, and (3) terminal velocity gravity
deposition on the floor Variation of drop size and mass tranfer deposi-
tion velocity was found to have a :mall effect on calculated results, ex-
cept for the atmosphere water mass retention. The primary effect of the
mechanistic approach was a saturated containment atmosphere, with signifi-
cant atmozphere water retantion. The calculated cortainment pressure of
the mechanistic approach was lower, before the spray initiation, than that
calculated by other current procedures.
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