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ABSTRACT 

This report describes work performed as part of the LACE Code- 
Experiment Comparison Project, which is sponsored by the Electric Power 
Research Institute (EPRI Project No. 2135-18). 
performed at the Westinghouse Hanford Engineering Development Laboratory. 
LACE test LA3 consisted of three experiments (LA3A, LA3B, and LA3C) 
designed to simulate aerosol flow through a pipe for "containment bypass" 
accident sequence conditions. The report presents  and summarizes com- 
parisons of results from pretest calculations performed to model LACE 
test LA3. Two sets of calculations are discussed: (1) calculations t o  
model LA3A, LA3B, and LA3C and (2 )  a benchmark calculation to model 
LA3B. In the benchmark calculation, a l l  code users were to have used 
exactly the same code inputs. 

The LACE tests are being 

v i i  





SUMMARY OF PRETEST AEROSOL CODE RESULTS FOR LWR 
AEROSOL CONTAINMENT EXPERIMENT (LACE) LA3 

A .  L. Wright 
P .  C. h o o d  

1. INTRODUCTION 

The Light-Water Reactor (LWR) Aerosol Containment Experiments (LACE) 

are being performed to investigate experimentally, on a large scale, the 

aerosol retention behavior in containment and associated piping under 

.simulated severe LWR accident conditions. An additional, and equally 

important, objective of these tests is to provide a data base for vali- 

dating aerosol containment computer codes and related thermal-hydraulic 

computer codes. The LACE tests are internationally funded and are being 

performed at the Westinghouse Hanford Engineering Development Laboratory 

(HEDL) under the leadership of an overall project board and the Electric 

Power Research Institute (EPRI) 

The overall LACE project has two components: (1) the experiments 

being performed at HEDL and (2 )  aerosol-transport and thermal-hydraulic 

code-comparison activities. The aerosol-transport code-comparison 

activities are being coordinated at Oak Ridge National Laboratory (ORNL) , 
Oak Ridge, Tennessee, while the thermal-hydraulic code-comparison activi- 

ties are being coordinated at Intermountain Technologies, Inc. (ITI), 
Idaho F a l l s ,  Idaho. 

For each of the six planned LACE tests, pretest and blind posttest 

aerosol code calculations are being performed. The ORNL code-comparison 

activities include (1) providing guidance to participating aerosol code 

analysts to help them in performing calculations, (2 )  compiling the 
results fron calculations, and ( 3 )  critically evaluating the code results 
and comparisons with the test data. 

This report summarizes the results from pretest calculations 

performed for the LA3 test series. The LA3 experiments, designated as 

LA3A, LA313, and LA3C, were designed to investigate aerosol behavior 
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during flow through a 0.063-m-diam, 28.8-m-long test pipe for simulated 

“containment bypass” accident sequence conditions. The next section of 

this report summarizes the defined code inputs and requested code outputs 

f o r  the LA3 pretest calculations. For the LA3 test conditions, turbulent 

deposition is the major deposition mechanism. Section 3 presents ealcula- 

tions of deposition velocities vs particle size for LA3 and LA1 test 

conditions, using the turbulent-deposition models employed in the codes. 

Sections 4 and 5 present the results of the pretest calculations. 

Calculations were first performed for the entire LA3 series; a code bench- 

mark calculation for the LA3B test was also performed. Finally, a summary 

of the results and insights gained from the LA3 pretest calculations is 

presented in Sect. 6 .  

2. SUMMARY OF CODE INPUTS AND REQUESTEU CODE OUTPUTS 
FOR LA3 PRETEST CALCULATIONS 

On the basis of information in the project test plan,l a guidance 

letter defining conditions for LA3 pretest calculations was sent to LACE 

participants.2 

analysts to perform the initial series of LA3 pretest calculations. As 

noted in Table 1, pipe sections 4 through 21 were modeled in the 

calculations. As noted in Table 2, the major variables in the LA3 test 

series were the flow velocity through the test pipe and the MnO/CsOH 

aerosol mass ratio. Aerosol source size-distribution data are defined in 

Table 3 .  

Tables 1 to 3 present the information used by the code 

Table 4 summarizes the requested LA3 code output parameters. As we 

did for LA1 posttest calculations, we requested that code users provide 

aerosol deposition and size data for each of the “control volumes“ that 

was used in their calculations. We also requested that the code users 

provide deposition information for each mechanism (turbulent deposition, 

settling, thermophoresis, etc.) that was important in their calculations. 

A s  will be discussed in detail in Sect. 4 ,  different users of the 

TRAP-MELT2 code obtained different results from their calculations. To 

investigate why this may have occurred, a benchmark calculation was per- 

formed for LA3B test conditions. In this calculation, all investigators 
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Table 1. LA3 tes t  p i p e  geometrya 

Length S e c t i o n  P ipe  Flow Diameter 
NO d e s c r i p t i o n  d i r e c t i o n  ( c d  (m> 

l a  
lb 
IC 
2 
3 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13  
14 
15 
16 
1 7  
18 
19 
20 
21 

22 
23a 
23b 

S t r a i g h t  
90" bend 
Red u ce  r 
Bal l  v a l v e  
Red uce r 

S t r a i g h t  
90" bendb 
Ball va lve  
S t r a i g h t  
90" bendb 
S t r a i g h t  
S t r a i g h t  
90' bendb 
S t r a i g h t  
S t r a i g h t  
90" bendb 
S t r a i g h t  
B a l l  va lve  
90" bendb 
S t r a i g h t  
90" bendb 
Ba l l  va lve  
S t r a i g h t  

T r a n s i t i o n  
S t r a i g h t  
90" bendb 

East 

UP 
UP 
UP 

UP 

West 
West 

South 
South 

East 
East 

North 
North 

Down 

West 
West 

West 
West 
UP 

30 
30 
30-1 0 
10 
10-6.3 

6.3 
6.3 
6 . 3  
6.3 
6.3 
6 .3  
6.3 
6.3 
6.3 
6.3 
6 . 3  
6.3 
4.3 

6.3 
6.3 
6.3 
6.3 

6.3 

6.3-30 
30 
30 

1.52 
0.72 

0.23 
0.28 

0.28 

2.26 
0.38 
0.19 
4.20 
0-38 
2.58 
4.32 
0.38 
4.32 
3.10 
0.55 
1.65 
0.19 
0.55 
2.14 
0.38 
0.19 
1.09 

1.17 

0.58 
1.95 

aFor LA3 p r e t e s t  c a l c u l a t i o n s ,  ONLY s e c t i o n s  4 through 21 were 

bRadius of p ipe  bends i n  6.3-cm-diam pipe  i s  9.5 cm. 
modeled; t he  o v e r a l l  l e n g t h  of s e c t i o n s  4 through 21 is 28.85 m. 
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Table 2. Summary of i n fo rma t ion  needed f o r  LA3 
p r e t e s t  c a l c u l a t i o n s a  

LA3A LA3 B LA3c 

Test p ipe  g a s  flow ra tes  ( g / s )  
Steam 
Nitrogen 
H e 1  ium 
Argon 

Volumetric steam f r a c t i o n b  

62.5 
91.7 
0.6 
1.4 

12.5 
18.3 
0.3 
0.7 

12.5 
18.3 
0.3 
0.7 

0.5 

0.00024 

0.5 

0.00024 

0.5 

Gas mix tu re  v i s c o s i t y  (g/cm-s) 0.00024 

P r e s s u r e  (kPa a b s o l u t e )  
Test  p ipe  i n l e t b  
Test  p ipe  o u t l e t b  

174 
123 

109 
107 

109 
107 

Gas t empera tu re  ("C) 
Test p ipe  i n l e t b  
Test p ipe  o u t l e t b  

300 
275 

300 
200 

300 
200 

Wall t empera tu re  ( " C )  
Test p ipe  i n l e t b  
T e s t  p ipe  o u t l e t b  

295 
27 0 

285 
185 

285 
185 

Gas v e l o c i t y  ( m / s )  
Test p ipe  i n l e t b  
Test pipe o u t l e t b  

61 
87 

20 
20 

20 
20 

Aerosol sou rce  t o  tes t  p ipe  (g /s )  
C s O H  source  r a t e  
MnO source  ra te  

0.12 
1 .o 

0.12 
1.0 

0.5 
1 .o 

Aerosol s o u r c e  s i z e  parameters  
Aerodynamic mass-median 

d i ame te r  ( ~ r n ) ~  
Geometric s t a n d a r d  

d e v i a  t i o n b  
Aerosol shape f a c t o r s  

2.0 2.0 2.0 

2.0 

1.0 

2.0 2.0 

1 .o 1.0 

Aerosol  sou rce  d u r a t i o n  (min) 60 60 60 

aData from LA3 t e s t  plan.  
bCa lcu la t ed  o r  e s t ima ted  va lues .  
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Table 3 .  Aerosol densities and size parameters used 
for performing LA3 pretest calculationsasb 

Mixture Mixed Mixed CsOH CsOH MnO MnO 
density d5 0 dg 

(vm) (vm) 
d5 0 dg 
(vm) (urn) d5 0 dg 

Test (g/cm3) (vm> (urn) 

LA3A 2.59 1.24 0.29 1.48 0.35 1.21 0.29 

L a c  2.35 . 1.30 0.31 1.48 0.35 1.21 0.29 
LA3B 2.59 1.24 0.29 1.48 0.35 1.21 0.29 

aThe CsOH theoretical density is 3.68 g/cm3, and the MnO theoretical 
density is 5.44 g/cm3. 
aerosol agglomerate density was assumed to be one-half the theoretical 
density. 

In(dg) = ln(dgo) - 3 ln2(ug), using ug = 2. 

For each component and for the mixture, the 

bThe geometric mean diameter, dg, was calculated using the formula: 

Table 4 .  Summary of requested code output parameters 
for LA3 pretest pipe calculations 

Provide the following information for LA3A, LA3B, and LA3C: 

Output times (s): 100, 300, 600, 900, 1800, 2700, 3600 

Output parameters and units: 

A. For each pipe control volume at each output time: 

1. Cumulative aerosol mass -for MIXED aerosol and for EACH 
species - deposited in EACH control volume, in grams. 
Please provide this for EACH aerosol deposition mechanism 
that was important - turbulent deposition, deposition in 
bends, settling, thermophoresis, etc. 

2.  Alrborne aerosol size in EACH control volume - for MIXED 
aerosol and f o r  EACH species (if possible): provide the 
aerodynamic mass-median diameter, in urn, and the geometric 
standard deviation (dimensionless). 

B. At pipe outlet, for each output time: 

1. Cumulative aerosol mass - for MIXED aerosol and for EACH 
species - transported out of test pipe, in grams. 

2 .  Airborne aerosol size transported out of rest pipe -for 
MIXED aerosol and for EACH species (if possible): provide 
the aerodynamic mass-median diameter, in Um, and the 
geometric standard deviation (dimensionless). 
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used the same nodalization of the test pipe. Tables 5 and 6 present the 
LA3B benchmark code input information defined in the guidance letter3 for 

this calculation. Finally, Table 7 presents the requested code output 
parameters for the LA3B benchmark calculation. 

3. COMPARATIVE CALCULATIONS OF TURBULENT-DEPOSITION 
VELOCITIES FOR LA1 AND LA3 TEST CONDITIONS 

Aerosol deposition under turbulent flow conditions can occur by 

essentially two mechanisms: (1) for ''small" particles, by diffusion 

through the turbulent boundary layer and ( 2 )  for "large" particles, by 

diffusion into the boundary layer and subsequent deposition due to 

particle inertia. For the flow conditions produced in LACE LA1 and LA3, 

all the aerosol codes used in this study calculated that the majority of 

aerosol deposition is due t o  turbulent-inertial deposition. It is 

instructive, then, to compare the deposition velocity formulations used 

in the various aerosol-transport codes to calculate turbulent-inertial 

deposition. 

The parameter that characterizes which turbulent-deposition regime 

is most important is the so-called "dimensionless relaxation time,'' which 

is defined as follows: 

whe re 

pp = particle density, 

pg = fluid density, 

U, = fluid friction velocity = Uf(f/2)1/2, 

Uf = flow velocity through the pipe, 

d = particle diameter, 

f = flow friction factor, 

C = Cunningham slip correction factor, 

p = fluid dynamic viscosity, 

x = dynamic shape factor. 



Table 5. Pipe control volume conditions to be used for LA3B pretest benchmark calculation 

Geometric condition@ 

Control volume pressure and 
temperature conditionsb 

Gas Gas Wall 
Control Pipe Length Sedimentation pressure temperature temperature 
volume sections Orientation (d area (m2) (kPa) ("C) ("C) 

1 4 Vertical 2.26 0.0031 108.9 296 281 
2 5 -8 Horizontal 5.15 0.324 108.7 283 268 
3 9-1 1 Horizontal 7.28 0.459 108.2 262 247 
4 12-14 Horizontal 7.97 0.502 107.7 236 221 
5 15-17 Horizontal 2.39 0.151 107.4 2 18 203 
6 18-19 Vertical 2.52 0 so031 107 e2 2 10 195 
7 20-21 Horizontal i .28 0.081 107.1 203 188 
8 Aerosol outlet volume 

aFor all control volumes, the pipe diameter is 0.063 m, and the pipe flow area is 0.0031 m2. 
bEstimatcd conditions. 
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Table  6. Summary of a d d i t i o n a l  i n fo rma t ion  needed f o r  
LA3B p r e t e s t  benchmark c a l c u l a t i o n a  

T e s t  p ipe  g a s  f low r a t e s  ( g / s >  
Steam 
Ni t rogen  
Helium 
Argon 

12.5 
18.3 
0.3 
0.7 

Volumetr ic  steam f r a c t i o n  0.5 

Gas mix tu re  v i s c o s i t y  (g/cm-s) 0.00024 

Aerosol source t o  tes t  p ipe  ( g / s >  
CsOH sou rce  r a t e  0.12 
MnO s o u r c e  r a t e  1 .o 

Aerosol sou rce  s i z e  parameters :  
Aerodynamic mass-median d i ame te r  (pm) 2.0 
Geometric s t anda rd  d e v i a t i o n  2.0 
Aerosol  shape f a c t o r s  1 .o 

Aerosol  mix tu re  d e n s i t y  (g/cm3) 2. S9b 

Mn 0 - Mixed C SOH 

Mass-median d i a m e t e r ,  d50 (pm) 1.24 1.48 1.21 
Geometric mean d i a m e t e r ,  dg ( ~ m ) ~  0.29 0.35 0.29 

aData from LA3 tes t  plan.  
bThe C s O H  t h e o r e t i c a l  d e n s i t y  i s  3.68 g/cm3, and t h e  MnO t h e o r e t i c a l  

d e n s i t y  i s  5.44 g/cm3. 
a e r o s o l  agglomerate  d e n s i t y  should be assumed t o  be one-half t h e  
t h e o r e t i c a l  d e n s i t y .  

ln(dg) = l n ( d 5 0 )  - 3 l n 2 ( o g ) ,  u s ing  ug = 2. 

For each component and for t h e  mix tu re ,  t h e  

CThe geomet r i c  mean d i a m e t e r ,  dg ,  w a s  c a l c u l a t e d  using t h e  formula: 
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Table 7. Summary of requested code output parameters 
for LA3B benchmark pretest calculation 

Output time: 3600 s 

Output parameters and units for each pipe control volume: 

1. Aerosol mass deposited in EACH control volume -for MIXED aerosol 
and for EACH species, in grams. Please provide this for EACH 
aerosol deposition mechanism that was important - turbulent 
deposition, settling, thermophoresis, etc. 

2. Calculated deposition velocities for turbulent deposition, 
deposition by settling, and thermophoretic deposition - in EACH 
control volume, in cm/s. 

3 .  Aerosol mass transported out of test pipe - for MIXED aerosol and 
for EACH species, in grams. 

4. Airborne aerosol size in EACH control volume - for MIXED aerosol 
and for EACH species (if possible): provide the aerodynamic 
mass-median diameter, in vm, and the geometric standard deviation 
(dimensionless). 

Typically, for values of T+ >0.1, inertial effects dominate over pure 

diffusion. Note from Eq. (1)  that this could occur either for large 
particles or large values of friction velocity (i.e., high Reynolds num- 

bers or flow velocities). 

For the LA3 pretest aerosol-transport calculations, three different 

models for turbulent-inertial deposition were used in the various codes. 

The first of these was based on an analytical model developed by Friedlander 

and J~hnstone.~ 

(from the turbulent core and buffer layer) carry particles to within one 

"stopping distance" from the wall and that the particles then coast t o  

the wall due to their inertia. The Friedlander-Johnstone model was devel- 

oped for smooth pipes. Their formulation for deposition velocity depends 

on the dimensionless relaxation time in the following way: 

They were the first to propose that turbulent eddies 

1525 - 50.6 /U, for 'I+ ( 5 . 6  , 1 + 1 $ p: [ (f/2>li2 0 . 8 1 ~ + ~  
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f 5 I n  { 5.04/ (z 5 . 5 6  - O.~E)}]/U* f o r  5.6 G T+ G33.3 , ( 3 )  

The fo rmula t ion  f o r  t u r b u l e n t - i n e r t i a l  d e p o s i t i o n  v e l o c i t y  used i n  

t h e  TRAP-MELT2 and MCT-2 codes is a mod i f i ca t ion  of t h e  Friedlander-  

Johns tone model. 

t h e  t r a n s i t i o n  regime between t h e  d i f f u s i o n a l  and i n e r t i a l  d e p o s i t i o n  

regimes. They found t h a t  t he  Friedlander-Johnstone model does not  

adequa te ly  p r e d i c t  t h e i r  r e s u l t s ,  and they included a Reynolds number 

c o r r e c t i o n  t o  t h e  Friedlander-Johnstone equa t ions  t o  account f o r  t h i s :  

Gieseke,  Lee, and Goldenbergs performed experiments In 

VFJ,BCL = VFJ + 2(10-8>(Re) U, , 
where R e  i s  t h e  flow Reynolds number. 

The model used i n  t h e  AEKOSIM-M c a l c u l a t i o n s  i s  based on a c o r r e l a -  

t i o n  developed by Liu and Agarwal t o  f i t  t h e i r  experimental  r e s u l t s . 6  It 
should be noted t h a t  t h e  Liu-Agarwal experiments ( t h e  b e s t  a v a i l a b l e  d a t a  

base  on t u r b u l e n t - i n e r t i a l  d e p o s i t i o n )  were performed a t  Reynolds numbers 

of  10,000 and 50,000 and are v a l i d  f o r  smooth pipes .  The Liu-Agarwal 

c o r r e l a t i o n  as used i n  AEROSIM-M c a l c u l a t i o n s  i s  of t h e  form: 

VLA = 6(10-4) ( T + ~ )  (U,) f o r  T+ (12.9 , 

VLA = O.l(U*) for T+ >12.9 . 
The c o r r e l a t i o n  used i n  t h e  HAA4 a e r o s o l  code a l s o  was based on t h e  

Liu-Agarwal d a t a  but w a s  of t h e  fol lowing form:7 

= [3.03 ( 3 0 / ~ + ) "  + 4 1 . 4 ( ~ + / 3 0 ) ~ * ~ ~ ~ ] - " ~  . 'LA, HAA4 

The above c o r r e l a t i o n s  were t h e  ones used i n  t h e  codes f o r  t h e  LA3 

p r e t e s t  c a l c u l a t i o n s .  Note, however, t h a t  a l l  of t h e s e  were developed t o  

model d e p o s i t i o n  on to  smooth s u r f a c e s .  I n  t h e  LA1 p o s t t e s t  p ipe  c a l c u l a -  

t i o n s *  ( b u t  not f o r  t he  LA3 p r e t e s t ) ,  Battelle-Columbus L a b o r a t o r i e s  
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used a new version of TRAP-MELT - designated as TRAP-MELT2.2 -which 
included a model for turbulent-inertial deposition onto rough surfaces. 

This model was developed by Woodg and has the following form:l0 

for 4 f S t  ( 5  , ( 9 )  

V W O 0 ~  = U, (5 In [25.2/(0.69~+ + 0.45Q. - 4.8)J}-l 
for 5 C b+ + S+ GI0 , (10) 

where 

S+ = 0.69~+, 

b+ = 0.45K+, 

K+ = Ks U,/V = dimensionless surface roughness, 

Ks = equivalent sand roughness, 

F = 5/a, 

F1 = (b+ + %>/a, 

a = (Dp/V)1/3, 

u = fluid kinematic viscosity, 

Dp = particle diffusivity. 

Note that this correlation is a function of T+ and also of K+, which is 

itself a function of the "equivalent sand roughness" that is used to 

characterize the deposition surface. The relationship in Eq. (11) was 

determined by the TRAP-MELT 2 . 2  developers.1° 

Using the deposition model equations presented above [ E q s .  (1) to 
( l l ) ] ,  turbulent-deposition velocities as a function of particle size 

were calculated for conditions simulating those produced in tests LA1 and 
LA3. Table 8 presents values of the parameters used in performing these 

calculations. Two sets of LA1 calculations were performed to model the 
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Table 8. Summary of parameters  used t o  s imula t e  
LA1 and LA3 t e s t  c o n d i t i o n s a , b  

LA1, LA1, 
Parameter low v e l o c i t y  h igh  v e l o c i t y  LA3A LA3B ,C 

P a r t i c l e  d e n s i t y  3000 
(kg/m 1 

3000 3000 3000 

Gas d e n s i t y  '1.23 0.61 0.73 0.57 
(kg/m3) 

Gas v i s c o s i t y  2.4E-5 2 . 4E-5 2.4E-5 2.4E-5 
(kg /m-s 1 

Gas flow rate  0.35 
( k g / s )  

Flow v e l o c i t y  91.6 
( d s 1  

0.031 0.35 0.154 

183.2 67.7 17.4 

Flow Reynolds No. 295,000 295,000 130,000 25,900 

a A l l  c a l c u l a t i o n s  were performed f o r  a pipe d i ame te r  of 0.063 m. 
The f r i c t i o n - f a c t o r  e q u a t i o n  used was f = 0.0014 + 0.125 x where 
f i s  the  f r i c t i o n  f a c t o r  and Re i s  the  flow Reynolds number. 

bWood d e p o s i t i o n  model c a l c u l a t i o n s  were performed using "equ iva len t  
sand roughness" v a l u e s  of 1 and 20 pm. 

v e l o c i t y  c o n d i t i o n s  a t  t h e  i n l e t  and o u t l e t  of t he  pipe.  It i s  i n t e r e s t -  

i n g  t o  no te  from Table 8 t h a t  t h e  flow Reynolds numbers f o r  t e s t s  LA1 and 

LA3A exceed the  v a l u e s  a t  which d e p o s i t i o n  measurements were made by Liu 

and Agarwal. 

F i g u r e s  1 t o  4 p r e s e n t  p l o t s  of c a l c u l a t e d  d e p o s i t i o n  v e l o c i t i e s  f o r  

LA1 and LA3 tes t  c o n d i t i o n s .  S ix  d e p o s i t i o n - v e l o c i t y  cu rves  are shown on 

each p l o t .  The ranges of p a r t i c l e  d i ame te r s  used i n  each graph correspond 

t o  a range of d imens ion le s s  r e l a x a t i o n  times >0.1 and up t o  60. Note 

t h a t  on each p l o t  two Wood model cu rves  are shown; t h e s e  correspond t o  

assumed e q u i v a l e n t  sand roughness v a l u e s  o f  1 and 20 pm. Comments on t h e  

c a l c u l a t e d  d e p o s i t i o n  v e l o c i t y  r e s u l t s  are as fo l lows :  
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1. All results shown illustrate that turbulent-inertial deposition 

varies significantly with aerosol particle size and with pipe flow 

velocity, up to "critical" particle sizes corresponding approximately 

to r+ values >IO. 

2 .  The correlation of the Liu-Agarwal data used in the HAA4 code 

[Eq. (813 models the measured data quite well7 and can be used 
(remembering that these data were for smooth tubes) as a basis for 

comparison with results from other models. Note that the original 

Liu-Agarwal correlation [Eqs. (6) and (711 does not match the HAA4 

correlation well for large particle-size values. 

3 .  The Friedlander-Johnstone correlation predicts a sharp drop in 

deposition velocity for values of T+ >33.3 Isee Eq. (411.  

dependence is not predicted by the other models and does not corre- 

l a te  with results from the Liu-Agamal experimental measurements. 
Because the LACE tests have been performed at high velocities, 

corresponding to large T+ values, this is an important consideration. 

This  

4 .  For small particle sizes (in the transition region between turbulent- 

inertial deposition and turbulent deposition due to diffusion), the 

modified Friedlander-Johnstone correlation used in the TRAP-MELTZ 
code predicts higher deposition velocities than the original 

Friedlander-Johnstone model. The TRAP-MELT2 version results compare 

well with results from measurements made at Battelle-Columbus 

Laboratories5 but do not match the Liu-Agarwal experimental 

results . 
5. The Wood model results illustrate that, for small particles, calcu- 

lated deposition velocities increase for Increased surface roughness. 

For an assumed roughness of 1 urn, the Wood model results are similar 

to those from the HkA4 correlation of the Liu-Agarwal data. It is 

interesting that, for a roughness of 20 urn, the Wood model results 

compare reasonably well wlth those from the modified Friedlander- 

Johnstone model used in TRAP-MELT2. This suggests the possibility 

that the Battelle-Columbus experiments were performed with "rough" 
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tubes; however, smooth-surface copper tubes were used in the experi- 

ments. 

The main conclusions that can be drawn from evaluation of the 

different turbulent-inertial deposition models as used in the LA1 and LA3 

calculations are as follows: (1 )  the Friedlander-Johnstone model does not 

correctly model experimental results for T+ >33.3; (2) the differences 

between the Liu-Agarwal and Battelle-Columbus test results, for r+ values 
<-lo, are not understood; (3) the Wood model results show that surface 

roughness can significantly influence turbulent deposition; and (4) none 

of the deposition-velocity measurements on which the various correlations 

and models are based were performed for high enough flow Reynolds numbers 

to simulate those produced in the LACE LA1 and LA3A experiments. 

4 .  RESULTS FROM INITIAL LA3 PRETEST CALCULATIONS 

LA3 pretest pipe calculations were performed by five investigators; 

the codes used and the names and affiliations of the code analysts are 

listed in Table 9. The MCT-2 code uses TRAP-MELT2 as a module; s o  four 
TRAP-MELT calculations were performed. AEROSIM-M is a containment 

aerosol-transport code but was used in a "Lagrangian" mode (following an 

aerosol/gas packet moving down the pipe) for these calculations. 

Figures 5 to 16 present the pretest LA3 code results. Plots of 

cumulative aerosol deposition vs distance from the pipe inlet, at the end 

of the aerosol source period (3600 s ) ,  are presented in Figs. 5 to 7. 
Figures 8 to 10 present calculated aerosol transport out of the pipe vs 

time. Finally, Figs. 11 to 16 present calculated aerodynamic mass-median 

diameter (AMMD) and geometric standard deviation data vs distance from the 

pipe inlet, at 3600 s. 

Figures 5 to 7 illustrate that the agreement in calculated deposition 

results was better for LA3A than for L O B  and LA3C. The variation in total 

calculated deposition for LA3A was less than a factor of 2 but was more 

than a factor of 6 for LA3B and LA3C. Tables 10 and 11 provide informa- 

tion that can be used t o  explain differences in calculated code results. 

Comments on the code results and data in the tables are as follows: 



19 

Table  9. Summary of codes used f o r  LA3 p r e t e s t  pipe c a l c u l a t i o n s  

Codea Code a n a l y s t  A f f i l i a t i o n  

AEROSIM-M (UK) S. Ramsdale 

MCT-2 (NYPA) P. B ien ia rz  

TRAPMELT2 ( I T )  F. Parozz i  

United Kingdom, 
Atomic Energy Au thor i ty ,  
S a f e t y  and R e l i a b i l i t y  

D i r e c t o r a t e  

United S t a t e s ,  
New York Power Au thor i ty  

Italy, ENEL-Thermal and 
Nuclear Research Centre  

TRAMELT2 (3N) H. Tateoka Japan, Atomic Energy 
R e  sear c h In s t i t u  t e 

TRAP-lELT2 (UK) D. W i l l  lams United Kingdom, 
Atomic Energy Au thor i ty ,  
AEE Winf r i  t h 

a I n i t T a l s  Fn paren theses  i n d i c a t e  t h e  count ry  or o rgan iza t ion .  
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Table 10. Comparison of selected parameters from 
LA3 pretest calculations 

Range of 
Range of Range of Range of calculated 

calculated calculated calculated turbulent- 
carrier-gas carrier-gas carrier-gas deposition 

density viscosity flow velocity velocity 
Code (kg/m3) (kg/m-s 1 ( d s )  ( c m / s )  

AEROSIM-M (UK) 
MCT-2 (NYPA) 
TRAP-MELT2 ( IT)  
TRAP-MELT2 (JN) 
TRAP-MELT2 (UK) 

AEROSIM-M (UK) 
MCT-2 (NYPA) 
TRAP-MELT2 ( I T )  
TRAP-MELT2 (JN) 
TRAF'-MELT2 (UK) 

AEROSIM-M (UK) 
MCT-2 (NYPA) 
TRAP-MELT2 ( IT)  
TRAP-MELT2 (JN) 
TRAP-MELT2 (UK) 

0.73 
0.66 
0.83-0.64 

a 
0.8 1-0.6 1 

0.57 
0.42 
0.53-0.62 

a 
0.5 1-0.60 

0.57 
0.42 
0.5 3-0.62 

a 
0.5 1-0.60 

2.4E-5 
2.OE-5 
2.4-2.33-5 

2.5-2.4E-5 
a 

2.4E-5 
2.OE-5 
2.4-2.1E-5 

2.5-2.1E-5 
a 

LA3C 

2.4E-5 
2.OE-5 
2.4-2.1E-5 

2.5-2.1E-5 
a 

67.7 
73.3 
6 1.5-79.5 

a 
48 -6-64.3 

17.4 
24.3 
20.2-17 .4 

a 
15.8-13.4 

17.4 
24.3 
20.2-17.4 

a 
15.8-13.4 

a 
6.7-3.7 
6.1-3.5 

10 .O-5.2 
2.7-2.3 

a 
0.3 1-0.19 
0.2 1-0.11 
0.36-0.12 
0.079-0 . 059 

a 
0.32-0.20 
0.2 1-0.11 
0.32-0.12 
0.079-0.059 

aData not provided f o r  this parameter. 
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Table  11. Ca lcu la t ed  d e p o s i t i o n ,  by mechanism, 
f o r  LA3 p r e t e s t  c a l c u l a t i o n s  

Ca lcu la t ed  
C a l c u l a t e d  d e p o s i t f o n  by Ca lcu la t ed  Ca lcu la t ed  
turbulent t k r m o p h o r e s i s  d e p o s i t i o n  by d e p o s i t i o n  by 
d e p o s i t  i o n  p l u s  s e t t l i n g  thermophore s i  s s e t t l i n g  

Code ( g  1 (9) ( g  1 ( t3  1 

AEROSIM-M (UK) 
MCT-2 (NYPA) 
TRAP-MELT2 ( I T )  
TRAP-MELT2 (JN) 
TRAP-MELT2 (UK) 

AFXOS I M-M 
MCT-2 (NYPA) 
TRAP-MELT2 ( I T )  
TRAP-MELT2 (JN) 
TRAP-MELT2 (UK) 

AERO SIM-M 
MCT-2 (NYPA) 
TRAP-MELT2 ( I T )  
TRAP-MELT2 ( J N )  
TRAP-MELT2 ( U K )  

1829 
24 30 
2366 
2504 
1795 

17 1 
552 
45 7 
317 
251  

230 
7 5 4  
612 
39 5 
33 7 

LA3A - 
0 
6 

25 
29 
18 

LA33 - 
0 

32 
175 
189 
69 

LA3 C 
7 

0 
44 

230 
239 

92 

0 
16 

156 
5 

45 

0 
21 

205 
7 

60 

0 
16 
19 

184 
24 

0 
23 
25 

232 
32 
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1. Table  10 shows t h a t  t h e  TRAP-MELT2 (UK) f low v e l o c i t i e s  and 

tu rbu len t -depos i t i on  v e l o c i t i e s  were lower than  those  c a l c u l a t e d  

by o t h e r  codes. T h i s  occurred because the  p ipe  f low area used 

i n  the  UK c a l c u l a t i o n s  was too  l a r g e  by roughly 30%. This  l e d  t o  

c a l c u l a t i o n  of  low v a l u e s  of t u r b u l e n t  d e p o s i t i o n  by t h e  TRAP-MELT2 

(UK) code. When t h i s  w a s  c o r r e c t e d  ( t o o  l a t e  t o  modify t h i s  r e p o r t ) ,  

t h e  c a l c u l a t e d  t o t a l  amounts of d e p o s i t i o n  were 2379 g f o r  LAM, 

518.2 g f o r  LA3B, and 698.3 g f o r  LAX. These are much c l o s e r  t o  t h e  

amounts of d e p o s i t i o n  c a l c u l a t e d  by o t h e r  TRAP-MELT use r s .  

2. By hand c a l c u l a t i o n s ,  we confirmed t h a t  t h e  mixture  d e n s i t y  va lues  

used i n  the  (UK) and ( IT)  TRAP-MELT2 c a l c u l a t i o n s  were c o r r e c t .  The 

v a l u e s  of d e n s i t y  and v i s c o s i t y  used i n  t h e  MCT-2 c a l c u l a t i o n s  were 
lower than  t h e  B r i t i s h  and I t a l i a n  va lues .  Th i s  caused t h e  code t o  

c a l c u l a t e  h ighe r  v e l o c i t i e s ,  h ighe r  T' v a l u e s  [ s e e  Eq. ( l ) ] ,  and 

t h e r e f o r e  h ighe r  t u rbu len t -depos i t i on  v e l o c i t i e s .  

3. I n  t h e  MCT-2 c a l c u l a t i o n s ,  a e r o s o l  d e p o s i t i o n  i n  t h e  two v e r t i c a l  

s e c t i o n s  of t h e  p ipe  w a s  no t  allowed (by s e t t i n g  one of t h e  code 

i n p u t  parameters  t o  zero) .  Had d e p o s i t i o n  been allowed i n  t h e s e  

s e c t i o n s ,  we b e l i e v e  t h a t  MCT-2 would have c a l c u l a t e d  more o v e r a l l  

d e p o s i t i o n  than  d i d  t h e  o t h e r  codes. 

4 .  Table 11 i l l u s t r a t e s  t h a t ,  f o r  t he  t e s t s  wi th  lower flow v e l o c i t i e s  

(LA3B and LA3C), t h e  c o n t r i b u t i o n  of s e t t l i n g  and thermophoresis  t o  
t h e  t o t a l  d e p o s i t i o n  became impor tan t .  For a l l  LA3A c a l c u l a t i o n s ,  

t u r b u l e n t  d e p o s i t i o n  accounted f o r  about  99% of t h e  t o t a l  c a l c u l a t e d  

d e p o s i t i o n .  For TA3B and LA3C, however, thermophores i s  p lus  s e t t l i n g  

accounted f o r  as much as 20 t o  30% of t h e  t o t a l  c a l c u l a t e d  deposi-  

t i o n .  Note t h a t  no s e t t l i n g  o r  thermophore t ic  d e p o s i t i o n  w a s  

al lowed i n  t h e  AEROSIM-M c a l c u l a t i o n s ;  we b e l i e v e  t h a t  d e p o s i t i o n  by 

t h e s e  mechanisms should be inc luded  f o r  t h e  p o s t t e s t  c a l c u l a t i o n s .  

5. For LA3B and LA3C, TRAP-MELT2 ( IT)  c a l c u l a t e d  t h e  g r e a t e s t  amount of 

thermophore t ic  d e p o s i t i o n ,  whi le  TRAP-MELT2 ( J N )  c a l c u l a t e d  t h e  

g r e a t e s t  amount of s e t t l i n g .  However, t h e  (JN) c a l c u l a t i o n s  assumed 

t h a t  t h e  s e t t l i n g  d e p o s i t i o n  a r e a  was IT*d*l,  where d i s  the  p ipe  
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diameter  and 1 i s  t h e  c o n t r o l  volume l eng th .  The c o r r e c t  s e t t l i n g  

area t o  u s e  is  d o l ;  t h e r e f o r e ,  t h e  (3N) s e t t l i n g  va lues  are about  a 

f a c t o r  of 3 l a r g e r  than they  should  be. 

6 .  The r e s u l t s  i n  Table  11 show t h a t  AEROSIM-M tended t o  p r e d i c t  t h e  

least  amount of t u r b u l e n t  depos i t i on .  The d e p o s i t i o n - v e l o c i t y  

comparisons i n  Pig.  4 ( fo r  LlWB, LA3C c o n d i t i o n s )  sugges t  t h a t  t h i s  
occur red  because of d i f f e r e n c e s  in t h e  Liu-Agarwal c o r r e l a t i o n  and 

t h e  Battelle-Columbus v e r s i o n  of t h e  Fr ied lander -Johns tone  c o r r e l a -  

t i o n .  F igu re  4 shows t h a t ,  of t h e s e  two c o r r e l a t i o n s ,  t h e  

Liu-Agarwal c o r r e l a t i o n  p r e d i c t s  s i g n i f i c a n t l y  lower d e p o s i t i o n  

v e l o c i t i e s  f o r  p a r t i c l e s  (3 t o  4 pm i n  d iameter .  

Although t h e r e  were s i g n i f i c a n t  d i f f e r e n c e s  i n  c a l c u l a t e d  d e p o s i t i o n  

p a t t e r n s  f o r  t h e  LA3 tests,  Figs .  8 t o  10 show t h a t  a l l  codes c a l c u l a t e d  

s imi la r  amounts of a e r o s o l  leakage  vs  t i m e .  Ca lcu la t ed  d i f f e r e n c e s  were 
g r e a t e r  f o r  LA3A because t h e  f r a c t i o n a l  l eakage  f o r  LA3A c o n d i t i o n s  was 

less  than t h a t  f o r  LA3B and LA3C. 

As shown i n  Figs .  11 t o  13, a l l  codes p r e d i c t e d  t h a t  t h e  a i r b o r n e  

AMMD would d e c r e a s e  as t h e  a e r o s o l  f lows through t h e  pipe.  Th i s  dec rease  

is expec ted  s i n c e  t u r b u l e n t  d e p o s i t i o n  i s  more e f f e c t i v e  f o r  l a r g e r  aero- 

sol p a r t i c l e s .  The r e s u l t s  a l s o  show t h a t  t h e  c a l c u l a t e d  ra te  of d e c r e a s e  

of AMMD i s  g r e a t e r  f o r  LA3A, which had t h e  h i g h e r  f low v e l o c i t y .  P o s s i b l e  

causes  f o r  t h i s  are (1) t h e  reduced d e p o s i t i o n  of l a r g e r  p a r t i c l e s  f o r  t h e  

lower gas v e l o c i t y  Condi t ions  i n  LA3B and LA3C (Figs. 3 and 4 )  and 

( 2 )  i n c r e a s e d  a e r o s o l  agglomera t ion  f o r  t h e  longe r  flow r e s i d e n c e  t i m e s  
i n  LA3B and LA3C. 

The LA3B and LA3C AMMD v a l u e s  for t h e  TRAP-MELT ( i n c l u d i n g  MCT-2) 

c a l c u l a t i o n s  are s i g n i f i c a n t l y  less t han  t h o s e  c a l c u l a t e d  by AEROSIM-M. 

A s  w a s  d i s c u s s e d  and confirmed i n  t h e  LA2 p r e t e s t l l  and LA1 p o s t t e s t 8  

r e p o r t s ,  t h e  TRAP-MJ3LT code does not  c o r r e c t l y  c a l c u l a t e  t h e  AMMD from 

t h e  code s i z e - d i s t r i b u t i o n  d a t a .  We b e l i e v e  t h a t  t h i s  caused t h e  observed 

d i f f e r e n c e s .  

Except f o r  t h e  TRAP-MELT2 ( I T )  r e s u l t s ,  t h e  s t anda rd  d e v i a t i o n  d a t a  

i n  Figs .  1 4  t o  16 show t h a t  ug d e c r e a s e s  wi th  d i s t a n c e  from t h e  p ipe  i n l e t .  
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We cannot e x p l a i n  why t h e  TRAP-MELT2 (IT) og v a l u e s  i n c r e a s e  and then  

dec rease  wi th  d i s t a n c e  from t h e  p ipe  i n l e t .  

t h e  p ipe  o u t l e t  f o r  t h e  MCT-2 LA3C c a l c u l a t i o n  a l s o  cannot  be expla ined .  

The sha rp  drop  i n  og nea r  

5. RESULTS FROM LA3B BENCHMARK CALCULATIONS 

The r e s u l t s  i n  Sec t .  4 i l l u s t r a t e d  t h a t  s imilar  TRAP-MELT2 r e s u l t s  

were no t  ob ta ined  when d i f f e r e n t  i n v e s t i g a t o r s  used t h e  code t o  perform 

LA3B and LA3C c a l c u l a t i o n s .  The LA3B benchmark c a l c u l a t i o n  w a s  performed 

t o  i n v e s t i g a t e  what r e s u l t s  would be obta ined  when a l l  i n v e s t i g a t o r s  used 

t h e  same n o d a l i z a t i o n  of t h e  test p ipe  and t h e  same pipe  p re s su re  and 

tempera ture  c o n d i t i o n s  i n  t h e i r  c a l c u l a t i o n s .  

LA3 benchmark pipe c a l c u l a t i o n s  were performed by f i v e  i n v e s t i g a -  

t o r s ;  t he  codes used and t h e  names and a f f i l i a t i o n s  of t he  code a n a l y s t s  

are l i s t e d  i n  Table  12. Three TRAP-NELT c a l c u l a t i o n s  ( inc lud ing  t h e  

Table  12. Summary of codes used f o r  LA3 pretest  
benchmark p ipe  c a l c u l a t i o n s  

Codea Code a n a l y s t  A f f i l i a t i o n  

AEROSIM-M (UK) S. Ramsdale 

HAA4 (RI)  E. Vaughan 

MCT-2 (NYPA) P. B ien ia rz  

TRAP-MELT2 ( J N )  H. Tateoka 

TRAP-MELT2 ( U K )  De Will iams 

United Kingdom, 
Atomic Energy Au thor i ty ,  
S a f e t y  and R e l i a b i l i t y  

D i r e c t o r a t e  

United States ,  
Rockwell I n t e r n a t i o n a l  

United S t a t e s ,  
New York Power Au thor i ty  

Japan ,  Atomic Energy 
Research I n s t i t u t e  

United Kingdom, 
Atomic Energy Au thor i ty ,  
AEE Winf r i t h 

_~~ ~ -~ ~ _ _ _ ~  .___ 

a I n i t i a l s  i n  pa ren theses  i n d i c a t e  t h e  count ry  o r  o rgan iza t ion .  
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MCT-2 one) were performed, and AERDSIM-M was also again used. In addi- 
tion, a calculation with a version of the HAA4 code modified for use in 
analysis of flow through pipes was performed. 

normal particle-size distribution containment aerosol code. It was 

modified so that it could be used to calculate the lengthwise variation 

of aerosol deposition in a pipe, under the assumption that no aerosol 

agglomeration occurred as aerosol moved through the pipe. 

calculations, then, deposition is the mechanism by which the airborne 

size distribution changes. 

The HAA4 code is a log- 

For the W 4  

Figures 17 to 20 illustrate the major results from the LA3B benchmark 

calculations. Similar to what was presented in Sect. 4, Table 13 presents 

a summary of selected parameters from the calculations, and Table 14 pre- 
sents calculated aerosol deposition by mechanism. The following comments 

can be made about the results: 

1 .  Figures 17 and 18 show that the agreement in calculated aerosol 
deposition for the TRAP-MELT runs was much improved for the benchmark 
calculation. This occurred largely because the flow area error in 

the TRAP-MELT2 (UK) calculation was corrected. Figure 18 shows the 

calculated deposition in each of the pipe control volumes and again 

indicates agreement in the TRAP-MELT2 deposition calculations. 

2 .  Tables 13 and 14 illustrate an inconsistency i n  the TRAP-MELT2 (JN) 

results. Ignoring the AEROSIM-M results, the (JN) calculation had 

the least amount of turbulent deposition (Table 1 4 ) ;  however, the 

values of turbulent-deposition velocity quoted in Table 13 were the 
largest. We can only speculate that the deposition velocities pro- 

vided to us were incorrect. We should note, as was discussed in 

Sect. 4 ,  that, again, the (JN) calculation used an incorrect equation 

for determining the settling area and thus overcalculated settling by 

about a factor of 3 .  

3 .  As for the previous LA3B calculations, AEROSIM-M calculated the least 

amount of turbulent deposition. However, the W 4  calculation, which 

used a different correlation to the Liu-Agarwal turbulent-deposition 
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Table 13. Comparison of selected parameters from 
LA3B benchmark pretest calculations 

Range of 
Range of Range of Range of calculated 
calculated calculated calculated turbulent- 

deposition carrier -ga s carrier -g a s 

Code (kg/m3 1 (kg/m-s) ( d s >  (cm/s> 

car r i er-g as 
density viscosity flow velocity velocity 

AEROSIM-M (UK) 0.57 2.43-5 17.4 a 

HAA4 (RI) a a a 0.17-0.07 

MCT-2 (NYPA) 0.5 1-0.56 2.4-2.23-5 20.1-18.3 0.18-0.10 

TRAP-MJlLT2 (JN) a a a 0.37-0.12 

TRAP-MELT2 (UK) 0.51-0.60 2.5-2.1E-5 20.1-17.1 0.19-0.10 

aData not provided for this parameter. 

Table 14. Calculated deposition, by mechanism, 
f o r  LA3B pretest benchmark calculation 

Code 

Calculated Calculated Calculated 
turbulent deposition by deposition by 
deposition thermophoresis settling 

( g )  ( g )  ( 9 )  

AERO S IM-E1 166 

HAA4 (RI) 334 

MCT-2 (NYPA) 417 

TRAP-IIELT2 ( J N )  299 

TRAP-MELT2 (UK) 39 9 

0 

68 

58 

5 

48 

0 

20 

19 

176 

70 
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data than did AEROSIM-M [see Sect. 2, Eqs. ( 6 )  and (8 ) ) ,  calculated 

similar deposition to that calculated by investigators using 

TRAP-MELT. The difference in the AEROSIM-M and HAA4 deposition 

results cannot presently be explained. 

4 .  The AMMD results are shown in Fig. 19. Except for the MCT-2 calcula- 
tion, all codes predicted that the AMMD decreased with distance from 

the pipe inlet. 

The TRAP-MELT AMMD values were again significantly less than those 

calculated by AEROSIM because of the TRAP-MELT code error in calcu- 

lating AMMD, as discussed in Sect. 4 .  In the HAA4 calculation, the 

AMMD decreased more rapidly than for the others. Since the HAA4 

calculation ignored aerosol agglomeration, this suggests that agglo- 

meration in the other calculations caused the size distribution t o  

remain nearly uniform; it also suggests that ignoring agglomeration 

may not be a good assumption for flow residence times that are 

greater than those expected in test LA3B. 

We cannot explain the calculated MCT-2 behavior. 

5. Except for MCT-2, all calculations predicted that the airborne 

aerosol standard deviation decreased with distance from the pipe 

inlet; MCT-2 predicted a slight increase in ag. 

6. SUMMARY AND CONCLUSIONS 

A series of pretest calculations was performed to model the aerosol 

behavior expected in the LA3 test series (LA3A, LMB,  and LA3C). These 

tests were designed to investigate aerosol transport through a 0.063-m- 

diam, 28.8-m-long test pipe for simulated "containment bypass" accident 

sequence conditions. The major variables in the experiments were the gas 
flow velocity and the MnO/CsOH aerosol mass ratio input to the pipe. The 

major findings from this investigation are summarized as follows: 

1. Aerosol deposition in the LA3 series, as it was in test LA1, was 

expected to occur largely by turbulent-inertial deposition. 

Section 3 of the report presented a comparison of calculated 

turbulent-deposition velocity vs particle size using five turbulent 
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2. 

deposition m o d e l ~ ; ~ - ~ ~ ~  flow conditions from tests LA1 and LA3 were 

used as a basis for the calculations. The main conclusions from this 

comparison were that (1) the Friedlander-Johnstone model appears not 

to correctly model experimental results for T+ >33.3; ( 2 )  the dif- 
ferences between the Liu-Agarwal and Battelle-Columbus test results, 

for T+ values <-lo, are not understood; ( 3 )  the Wood model results 

show that surface roughness can significantly influence turbulent 

deposition; and ( 4 )  none of the deposition-velocity measurements on 

which the various correlations and models are based were performed 

for high enough flow Reynolds numbers to simulate those produced in 

the LACE LA1 and LA3A experiments. 

Results from the initial series of LA3 pretest calculations 

were presented in Sect. 4 .  The results showed that differences in 

calculated aerosol deposition were greater for the LA3B and LA3C test 

conditions (i.e., the tests performed at the lower flow velocity). 

Significant differences in the LA3B and LA3C TRAP-MELT (including 

MCT) calculations were observed; however, these were largely due to a 

code input error in the TRAP-MELT2 (UK)  calculations. The AEROSIM-M 

calculation predicted the lowest amount of aerosol deposition for 

LA3B and LA3C conditions; the difference in AEROSIM-M and TRAP-MELT 

results may be explainable by differences in the turbulent- 

deposition correlations used in these codes. 

3. Table 11 illustrated the calculated aerosol deposition due to 

turbulence, settling, and thermophoresis for the LA3 test conditions. 

The code predictions show that deposition by settling and thermo- 

phoresis may be significant for LA3B and LA3C test conditions. 

Errors in the TRAP-MELT2 (JN) values for settling areas caused this 

code to overcalculate settling by about a factor of 3. 

4 .  Data from the LA3B benchmark calculations, in which all code analysts 

used the same pipe nodalization, were presented in Sect. 5 .  Deposi- 

tion results from the three TRAP-MELT calculations were quite similar, 

largely because the earlier error in the TRAP-MELT2 (UK) calculation 

was corrected. 
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5. A modified version of the HAA4 code, a log-normal containment code, 

was used for the TA3B benchmark exercise. This version could, with 

the simplification that no aerosol agglomeration occurred as the 

aerosol flowed through the pipe, calculate the lengthwise variation 

of aerosol deposition. For the LA3B calculation, HAA4 calculated 

similar deposition to that calculated with TRAP-MELT but calculated 

greater deposition (by about a factor of 2) than that calculated by 

AEROSIM-M. We would have expected that HAA4 and AEROSIM-M would 

calculate similar deposition since the turbulent-deposition velocity 

correlations used in these codes are both based on the Liu-Agarwal 

experimental data. Finally, comparison of HAA4 and other code 

results f o r  the change in AMMD w i t h  distance from the pipe inlet 

suggests that ignoring agglomeration in HAA4 may not be a good 

assumption for situations where pipe-flow residence times are greater 
than expected in the LA3B test. 

6. Finally, we believe that the code users improved in their ability t o  

perform valid pipe aerosol-deposition calculations by their par- 

ticipation in this exercise. 
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