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v i i  

AJ3STRACT 

This report desc r ibes  work performed as p a r t  of t he  LACE Code-Experiment 
Comparison P r o j e c t ,  which is sponsored by t h e  Electric Power Research 
I n s t i t u t e  (EPRI Project No. 2135-18). The report p re sen t s  and sumraarlzes 
comparisons of test results and computer-code c a l c u l a t i o n s  f o r  LACE LA6. 
A l l  of t he  LAC33 tests  w e r e  performed a t  the Westinghouse Hanford 
Engineer ing Development Laboratory ( W e ) ,  which is operated by the 
Westinghouse Hanford Company f o r  t h e  U.S. Department of Energy (US/DOE). 
LACE LA4 w a s  performed t o  i n v e s t i g a t e  a e r o s o l  behavior during r a p i d  con- 
tainment dep res su r i za t ion  fol lowing delayed containment f a i l u r e .  I n  t h e  
test, CsOH and MnO ae roso l s  were i n j e c t e d  i n t o  t h e  852-d 
Systems Test FaciLity (CSTF) v e s s e l  for a period of 50 m9n. The a i rbo rne  
a e r o s o l  c o n c s a t r a t i o a  i n  the v e s s e l  was allowed t o  decay f o r  t he  t i m e  
pe r iod  from 50 t o  450 min; between 450 and 451 min, t h e  v e s s e l  atmosphere 
was vented rap id ly .  Aerosol transport coaputer-code c a l c u l a t i o n s  were 
performed to  m d e l  aerosol  behavior for t h e  time per iod  up t o  450 min. 
The r e s u l t s  from these  c a l c u l a t i o n s  and comparisons to measured test data 
are presented  and d iscussed  i n  t h i s  repor t .  

Containment 
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SUMMARY OF POSTTEST AEROSOL CODE-COHPARISON RESULTS FOR 

UJR AEXOSOL CONTAINWEMT EXPERIMENT (LACE) LA6 

A. L. Wright, J. 8. Wilson, and P. C. h o o d  

1. INTRODUCTION 

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

have h e n  performed t o  i n v e s t i g a t e ,  at l a r g e  scale, the  ae roso l  r e t e n t i o n  

behavior i n  r e a c t o r  coolant  system pip ing  and i n  containment under simu- 

l a t e d  severe LWR acc ident  condi t ions.  An a d d i t i o n a l ,  and equal ly  impor- 

t a n t ,  o b j e c t i v e  of these  tests is t o  provide a data base for v a l i d a t i n g  

a e r o s o l  behavior computer codes and r e l a t e d  thermal-hydraulic computer 

codes. The LACE test p ro jec t  is i n t e r n a t i o n a l l y  funded and has been per -  

formed a t  t h e  Hanford Engineering Development Laboratory (HEDL) - operated 

by t he  Westinghouse Hanford Cmpany -unde r  t h e  l eade r sh ip  of an o v e r a l l  

p r o j e c t  board and t h e  Electric Power Research I n s t i t u t e  (EPRI). 

The o v e r a l l  LACE p r o j e c t  has two components: (1) t h e  experiments 

being performed a t  HEDL and ( 2 )  aerosol - t ranspor t  and thermal-hydraulic 

code-comparison a c t i v i t i e s .  The aerosol - t ranspor t  code-comparison ac t iv -  

ities are being coordinated a t  the  Oak Ridge Nat ional  Laboratory ( O R N L ) ,  

whi le  t h e  thermal-hydraulic code-comparison a c t i v i t i e s  are being coor- 

d ina t ed  a t  Intermountain Technologies, Inc. (ITI) i n  Idaho F a l l s ,  Idaho. 

Pretest  and p o s t t e s t  ae roso l  code c a l c u l a t i o n s  have been performed fo r  
t h e  s i x  LACE Tests. The ORNL code-comparison a c t i v i t i e s  include (1) pro- 

v id ing  guidance t o  p a r t i c i p a t i n g  ae roso l  code a n a l y s t s  t o  he lp  them in 

performing c a l c u l a t i o n s ,  ( 2 )  compiling the  r e s u l t s  from c a l c u l a t i o n s ,  and 

( 3 )  c r i t i c a l l y  eva lua t ing  the  code results and comparisons aga ins t  t h e  
t e s t  data.  

This  r epor t  summarizes t h e  results from the  p o s t t e s t  c a l c u l a t i o n s  

performed t o  model test LA6. 
tes t  s imulated ae roso l  behavior a s soc ia t ed  with "rapid containment 
depressur iza t ion"  fol lowing a delayed containment f a i l u r e  i n  an LWR. 

As designed i n  the  LA6 test plan,l t h i s  
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The c a l c u l a t i o n s  performed were "blind" in t h a t  t h e  code a n a l y s t s  d td  not 

have access to  the  LA6 r e s u l t s  when they performed t h e i r  ca l cu la t ions .  

Ca lcu la t ions  t h a t  WIX& performed modeled only t h e  a e r o s o l  production and 

d e p l e t i o n  peti08~ p r i o r  bo d e p r c s s u r t z a t i o n  of t h e  Containment Systems 

T e s t  F a c i l i t y  (CSTP) vessel. 

The next s e c t i o n  (Sect.  2)  of t h i s  r e p o r t  p re sen t s  an o v e r a l l  

d e s c r i p t i o n  of t h e  way test LA6 was performed. Sect ion 2 then summarizes 

t h e  def ined code inpu t s  and requested code ou tpu t s  for t he  LA6 p o s t t e s t  

c a l c u l a t i o n s .  Sect ion 3 of t h e  r e p o r t  p re sen t s  t h e  test r e s u l t s  and t h e  

r e s u l t s  from t h e  code c a l c u l a t i o n s ;  many of t h e s e  results are presented 

i n  g raph ica l  format. Sect ion 4 then p resen t s  an eva lua t ion  of t he  LA6 

tes t  and code-comparison r e s u l t s .  F i n a l l y ,  a summary of t h e  r e s u l t s  and 

i n s i g h t s  gained from the  LA6 b l ind  p o s t t e s t  code-experiment comparisons 

i s  presented i n  Sect.  5. 

2. SUMMARY OF CODE INPUTS AMD REQUESTED CODE OUTPUTS 
FOR LA6 POSTTEST CBECUUTIONS 

T e s t  EA6 w a s  designed t o  s imula t e  a e r o s o l  behavior a s soc ia t ed  with 

" r ap id  containment dep res su r i za t ion"  following a delayed containment 

f a i l u r e  in an LWR. Figure 1 i l l u s t r a t e s  t he  experimental  setup used f o r  

LA6; a d d i t i o n a l  d e t a i l s  are presented i n  t h e  LA6 t e s t  p l a n 1  and i n  t he  

LA6 d a t a  summary report,* 

wi th  performing test LA6 were as follows: 

The major even t s  and time periods a s soc ia t ed  

1. CSTF v e s s e l  heatup a t  high steam flow: -150 t o  0 min 

2. Generation of CsOH and NnO ae roso l s  t oge the r  

w i th  f u r t h e r  hea t ing  and p r e s s u r i z a t i o n  of 

t h e  CSTF v e s s e l  a t  intermediate  steam and 

n i t r o g e n  flows: 0 t o  50 min 

3 ,  P r e s s u r i z a t i o n  of t h e  CSTF v e s s e l  a t  low 

steam and n i t rogen  flows, decay of the 

a e r o s o l  a i rbo rne  in t he  vessel :  50 t o  450 min 
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4 .  Rapid venting of the CSTF vessel: 450 to 451 min 

5 .  Vessel cooldown, no flow: >Q51 min 

A s  illustrated in Fig. 1, CsQM and MnO aerosols were generated and 
injected into the CSTF vesssP in test LA6 for a 5 Q d n  period. In addi- 

tion, the water pool in the CSTF vessel was "spiked" with dissolved 

Li,SO, and suspended ZnO. These materials represented aerosol materials 

that could be made airborne when the water pool flashed during the 450 

ts 451, min time period. 

The posttest calculations performed to model test LA6 only simulated 

the behavior of the CsOH and MnO aerosols during the 0 to 450 min time 
period. During that time period, measurements were made of (1) vessel 

aerosol ( C s 0 H  and MnO) source rates and size distributions, ( 2 )  airborne 
aerosol concentrations and size distributioms in the  CSTP vessel, and 

(3 )  aerosol settling rates in the vessel. 

A letter describing aerosol code inputs for the LA6 posttest 

calculations was sent to LACE program participants. Table 1 identifies 

the SOUKC~S of data needed for performing LA6 posttest calculations. 

Much of the data for these calculations were eontairned on IBM floppy 

disks - in  the form of "text files" - that were transmitted to the  

project participants. Additional coments on the data requirements for 

the LA6 calculations are as follows: 

1. Aerosol source rates vs time for the LA6 calculations are 

presented in Table 2. The rate vs time data - obtained from 
filter sample measurements in the aerosol delivery line 

(Fig. 1) - have been adjusted so that the time-integrated total 

aerosol source for each aerosol species agrees with the  test 

mass-balance data. For generating MnO aerosols, each of two 

plasma torches was operated f o r  25 min; therefare, normaliza- 

tion of the MnO aerosol source rates is based on t w o  25-min 

periods. 
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Table 1. Summary of information needed f o r  LA6 
b l i n d  p o s t t e s t  v e s s e l  c a l c u l a t i o n s  

CODE INPUT DATA WHERE INFORMATION FOUNDa 
1. CSTF v e s s e l  geometry, p roper t ies :  Tables  1,2,3: LAGAf000.TXT. 

2, Aerosol source rates: Table  2, 

3. Aerosol source  t i m e :  

4. Aerosol source p a r t i c l e  s i z e :  

5.  & K O 8 0 1  agglomerate d e n s i t y  
and shape f a c t o r s :  

6. T e s t  v e s s e l  temperatures:  

7. T e s t  v e s s e l  p ressures :  

8. G a s  i n l e t  rates t o  vesse l :  

9. Vent flow rates from vesse l :  

10. G a s - w a l l  temperature g rad ien t s :  

I. 1 Steam condensation rates: 

12. Steam condi t ions  i n  vesse l :  

0 t o  50 min. 

Table 3. 

To be s p e c i f i e d  by code u s e r o  
z%EBL es t imated  a t h e o r e t i c a l  
mixture  d e n s i t y  of 4,63 g/cm3, 
based on CsOB density = 3.68 
g/cra3, Mu0 dens i ty  = 5.44 g/cm3, 
C s O H  mass f r a c t i o n  = 0.368.  

Gas temperatures i n  Tables  A. 2 ,  
B.2-B.5, B.7 (HEDL). W a l l  
temperatures  in Tables B.11-B.14 
(mm). 
Table A.1 (HEDL). 

Table C (HEDL). 

For 0 t o  450 minutes,  t h e  vent  
rate from t h e  v e s s e l  was 0 kg/s. 

To be s p e c i f i e d  by code user .  
One opt ion  is t o  u s e  temperature 
p r o f i l e  d a t a  i n  Tables B.8-B.10 
(HEDL1 

To be s p e c i f i e d  by code user .  
Measured steam condensation r a t e s  
i n  Table D . 2  (HEDL). Calculated 
condensat ion rates in Table 4 of  
t h i s  r epor t .  

To be s p e c i f i e d  by code user .  
Measured steam f r a c t i o n s  i n  
Table  F (HEDL). Calculated 
steam f r a c t i o n s  f o r  s a t u r a t e d  
cond i t ions  i n  Table 5 of t h i s  
r epor t .  

aRefers  t o  d a t a  t a b l e s  on IBM-format f loppy d i s k s  - suppl ied  by HEDL 
s t a f f  - for LA6 b l ind  a e r o s o l  ca l cu la t ions .  Tables A . l - G . 2  a r e  '&DL d a t a  
t a b l e s ;  Table 10 in t e x t  f i l e  LA6A1000.TXT notes  the  IBM-format d a t a  
f i l e s  where Tables A.l-G.2 are found. 



Table 2 .  Aerosol source rate d a t a  f o r  
LA6 b l i n d  a e r o s o l  t r a n s p o r t  c a l c u l a t i o n s a  

CSQH MnO Mixed 
Time  source rate source rate source  rate 
(dn) (g/s) (g/s> ( d S >  

Ob 
1.4 

11.6 
2 2 - 4  
24.9 
25.1 
26.7 
30 .  5 
38 .2  
42,4 

50b 

1.00 
1 .oo 
0 .33  
0.37 
0.34 
0.34 
0.32 
8.32 
0.30 
0,219 
0.29 

0.80 
0.80 
0.64 
0.40 
0.40 
1 . 2 5  
1.25 
0.98 
0 . 7 3  
0.59 
0.59 

1 .80 
1.80 
0.97 
0.77 
0.74 
1.59 
1.57 
1 e 3 0  
1.03 
0.88 
0.88 

CsOH average source ra te  w a s  from t h e  mass balance = 0.411 g / s  
MnO average source rate w a s  from the  mass balance = 0.705 g / s  
T o t a l  average source rate w a s  from t h e  mass balance = 1.116 g / s  

Duration of a e r o s o l  source = 0 t o  50 min 

aAerosol source ra te  vs t i m e  values presented above were obtained 
by normalizing measured source rate d a t a  so  t h a t  t he  i n t e g r a t e d  average 
source rate equaled t h e  average source rate determined from the  mass 
balance data.  Two 25 min time periods were used for t h e  M O  
i n t e g r a t i o n .  

bSource sate values  a t  0 and 50 min assumed t h e  same as the  values 
at t h e  mearest measurement times. 

2.  Measured a e r o s o l  source p a r t i c l e - s i z e  d a t a  i n  the  a e r o s o l  

d e l i v e r y  l i n e  - i n  terms of the  aerodynamic mass-median 

diameter (AMMD) and the  geometric s tandard d e v i a t i o n  (GSD) - 
are shown i n  Table 3.  As noted, measurements of AMMD and 

GSD (us ing  cascade impactors) were made a t  only two  t i m e s  

dur ing t h e  ae roso l  source period. 
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Table 3. Measured aerosol-source s i z e - d i s t r i b u t i o n  
d a t a  f o r  LA6 b l i n d  a e r o s o l  t r a n s p o r t  c a l c u l a t i o n s  

CsOH MnO CSOE -t 1-0 
Time AMMD G SD AMMD GSD GSD 

16 2-85  1.85 2.60 1.85 2.70 1.85 

46  2.35 1.88 2-38 1-86 2.37 1 .87  

3 ,  €?EDL provided estimates of t h e  mixed a e r o s o l  d e n s i t y  f o r  t es t  

LA6. However, a e r o s o l  d e n s i t i e s  and shape f a c t o r s  for LA6 
c a l c u l a t i o n s  were t o  be s p e c i f i e d  by t h e  code users.  

4. Recommended c a l c u l a t e d  steam condensation rates i n  the  CSTF 

v e s s e l  are presented i n  Table 4 .  As was discussed i n  t h e  LA4 

p o s t t e s t  guidance l e t ~ e r , ~  steam condensation rates ( f o r  

determining d i f f u s i o p h o r e t i c  a e r o s o l  p l a t e o u t )  can be 

determined by any of t h e  fol lowing methods: (1) using w a l l  

condensate c o l l e c t o r  d a t a ,  (2) us ing  water sump volume vs t i m e  
d a t a ,  and (3 )  c a l c u l a t i n g  t h e  steam condensation rate as equal 

t o  t h e  i n l e t  steam flow rate minus t h e  rate of change of steam 
i n  t h e  containment atmosphere ( s i n c e  t h e r e  was no vent ing f o r  

t<450 m i d .  We used t h e  t h i r d  method t o  c a l c u l a t e  the d a t a  i n  
Table  4 ,  and determined t h e  rate of change of steam i n  t h e  
containment atmosphere from t h e  time d e r i v a t i v e  of 

Airborne steam mass = SF*P*V*k&/(RT), (1) 

where SF is t h e  containment atmosphere steam mol f r a c t i o n ,  P 

i s  measured pressure,  V is t h e  CSTF i n t e r n a l  volume, M, i s  t h e  

molecular weight of water, R i s  t h e  gas cons t an t ,  and T i s  t h e  

measured temperature. 
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Table 4. Calculated LA6 steam condensation rates 

T o t a l  
c o ndens at ion steam condensation steam 

( d n >  (gbsb (kg) ( m i d  (g/s> (kg) 

Steam Total Steam 

T ime rate" condensed TSmg rate" condensed 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
13 
14 
15 
16 
17 
18 
19 
20 
29 
2 2  
23 
24 
25 
26 
27 
28 
29 
30 
3 1  
3 2  
33 
34 
3 5  
36 
39 
38 
39 
40 
41 
42 

51.87 
27.45 
52.48 
1.92 

57.63 
38.87 
54 e 99 
-6.81 
63.03 
62.89 
79.02 
62-67 
13.34 
42.93 
88.99 
35.41 
75.06 
58.29 
72.04 
69.09 

85.26 
64.42 
71.09 
54.47 
79.21 
78.65 
63.88 
64.25 
68.08 
84.77 
62 95 
66.31 
84 e 62 
56.66 
77.52 
70.94 
67 ., 34 
77.32 
78.19 
67.06 
91.31 

58 e 88 

3 . 1  
4.8 
7.9 
8 .O 

11.5 
13 "8 
17.1 
16.7 
28-5 
24,3 
29,O 
32,8 
33.6 
36.1 
41.5 
43.6 
48.1 
51.6 
55.9 
60.1 
63.6 
68.7 
72.6 
76,8 

84.9 
89.6 
93.4 
97.3 
101.4 
106.4 
110.2 
114.2 
119.3 
122.7 
127.3 
131.6 
135.6 
140.3 
144.5 
148.4 
154.0 

$a. 1 

43 
44 
45 
46 
47 
48 
49 
56 
51 
52 
53 
54 
55 
56 
57 
58 
59 
64 
69 
74 
79 
84 
89 
94 
99 

104 
109 
114 
119 
124 
129 
134 
139 
144 
149 
154 
159 
164 
169 
174 
179 

58.79 
72.92 
65.70 
69.68 
55.38 
87 a 50 
76-15 
62.12 
89.38 
123.89 
173.57 
150.57 
136.50 
188.42 
118.48 

110.81 
79.96 
79.25 
68.60 
75.75 
60.11 
58.70 
61.02 
513.61 
57.75 
59.15 
54.24 
56.34 

53.98 
55.39 
53.77 
53.06 
53.76 
53.75 
52.36 
61.34 
59.79 
62.83 
61.78 

79. oa 

58 oa 

157 * 5 
161.9 
165.8 
170.0 
173.6 
178.8 
183.4 
187.1 
192.5 
199,9 
210,3 
219.4 
227.5 
234.1 
241.2 
245.9 
252.5 
276.5 
300.3 
320.9 
343.6 
361.6 
379.3 
397.6 
415.4 
432.8 
450.5 
466.8 
483.7 
501.1 
517.3 
533.9 
550.0 
566 .O 
582.1 
598.2 
613.9 
632.3 
650.3 
669.1 
687.6 

Wondensation rate  is  an average value for the t i m e  period from 
previous t i m e  t o  time for which condensation rate is given. 
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Table 4. Calculated LA6 steam condensation rates  (continued) 

Steam Total  Steam Total  
condensation steam condensa t ion steam 

( m i d  (g/s 1 (kg1 (mid (g/s) (kg) 
Time ratea condensed Time ratesa condensed 

184 

194 
199 
204 
209 
2 14 
2 19 
224 
2 29 
234 
2 39 
2 44 
2 49 
254 
259 
264 
269 
274 
279 
284 

294 
299 
304 
309 
3 14 
3 19 
324 
3 29 
334 
3 39 
3 44 
349 
354 
359 
36 4 
369 
3 74 
379 

1 a9 

289 

384 
389 

64.62 
61.83 
60.94 
63.38 
62. OS 
63,97 
63.64 
59.51 
63.99 
62.61 
63 . 57 
60.44 
61.13 

56.67 
61.60 
57.76 
58.94 
57.26 
55.00 
55.92 
56.93 
53.48 
54.15 
53.75 
57.48 
53.96 

57.25 

55.89 
55.25 
55.61 
56.36 
55.34 
60.69 
59.70 
57.78 
5s. 59 
54.44 
56.32 
49.21 

60 . 48 

56.88 

58.86 

707.0 
725.6 
743.8 
762.8 
781.4 
800.6 
819 .a 

856 . 7 
875.5 

912.7 
931.1 
949.2 
966.2 
984 . 7 
1002 . 0 
1019.7 
1036.9 
1053.4 
1070.2 
1087 . 2 
1103.3 
1119.5 
1135.7 
1152.9 
1169.1 
1186.2 
1203 . 3 
1221;o 

1254.3 
1271 .O 
1287.9 
1304.5 
1322.7 
1340.6 
1358.0 
1374.6 
1391 .O 
1407.9 
1422.6 

837.6 

894.6 

1237.8 

394 
399 
404 
409 
4 14 
419 
424 
429 
434 
439 
440 
44 1 
442 
443 
444 
445 
446 
447 
448 
449 

54.19 
59.32 
53.56 
49.50 
50.77 
52 e 07 
56 . 25 
48.36 

46.47 
51.29 

42.81 
57.65 
46.69 
47.06 
73.64 
74.29 
34.58 
29.60 

48.14 

41 .a5 

1438.9 
1456.7 
1472.8 

1502.8 
1518.5 
1535.3 
1549.8 
1564.3 
1578.2 
1581.3 
1583.8 
1586.4 
1589.8 
1592.6 
1595.5 
1599.9 
1604.3 
1606.4 
1608.2 

1487.6 

aCondensation rate  is  an average value f o r  the time period from 
previous time to t ime for  which condensation rate is  given. 
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For these  c a l c u l a t i o n s ,  t h e  containment w a s  assumed t o  be a 

uniformly mixed ce l l  ( j u s t i f i e d  s i n c e  t h e r e  w a s  l i t t l e  v a r i a t i o n  

i n  t h e  gas temperatures throughout t h e  ce l l ) ,  and t h e  v e s s e l  gas 

temperatures and p res su res  vs t i m e  were provided by HEQL. I n  

a d d i t i o n  (as w a s  done f e r  LA41, the steam f r a c t i o n s  used i n  the 

e a l c u l a t l o n a  - presented i n  Table 5 -were not measured values  

b u t  were those corresponding t o  s a t u r a t i o n  condi t ions a t  t h e  

measured v e s s e l  p re s su res  and temperatures. 

Mote f i n a l l y  t h a t  t h e  c a l c u l a t e d  stem condensation rates 

a c t u a l l y  r ep resen t  t h e  sum of condensation onto walls and 

ae roso l s .  We be l i eve ,  however, t h a t  t he  w a l l  condensation 

rates w i l l  be s i g n i f i c a n t l y  g r e a t e r  than those onto a e r o s o l s ,  

and t h a t  t h e  values presented i n  Table 4 are r e p r e s e n t a t i v e  f o r  

c a l c u l a t i n g  d i f f u s i o p h o r e t i c  p l a t e o u t  i n  tsst LA6. 

Table 6 summarizes t h e  requested code output  parameters f o r  the LA6 

p o s t t e s t  ca l cu la t ions .  As f o r  t h e  LA2 and LA4 e x e r c i s e s ,  requested code 

ou tpu t  t i m e s  corresponded c l o s e l y  t o  the t i m e s  a t  which experimental  d a t a  

w a s  a c t u a l l y  taken. 

p o s t t e s t  code-comparison r e p ~ r t , ~  and t h e  LA6 p o s t t e s t  guidance l e t te r ,3  

gu ide l ines  were provided f o r  c a l c u l a t i n g  a e r o s o l  s i z e - d i s t r i b u t i o n  

parameters. The ob jec t ive  of de f in ing  how t h e  AMMJ3 and GSD should be 

c a l c u l a t e d  i s  t o  ensure t h a t  c a l c u l a t i o n s  are performed i n  a manner 

c o n s i s t e n t  with t h e  way t h a t  t h e  experimental  d a t a  were analyzed. A 

summary of t he  mst important of t hese  gu ide l ines  is presented below: 

In  t h e  LA4 p o s t t e s t  i n s t r u c t i o n  l e t t e r ,4  the  LA2 

1. To in su re  t h a t  meaningful comparisons can be made between tes t  

measurements and code c a l c u l a t i o n s  of AMMD and GSD, t he  code 

u s e r s  should provide AMMTI and GSD va lues  based on the d i s t r i b u -  

t i o n  of dry a e r o s o l  mass (CsOH + MnO) vs t he  s i z e  of w e t  a e r o s o l  

p a r t i c l e s . "  
- 

2. Some "discrete" '  codes include the v a r i a t i o n  of ae roso l  dens i ty  

from s i z e  b in  t o  s i z e  bin. The d e n s i t y  v a r i e s  due t o  d i f f e r e n c e s  

i n  composition of MnO and C s O H  and due t o  d i f f e r e n c e s  in amounts 

of  water condensed onto t h e  aerosols .  I n  determining the  AMMD 



Table  5. Calculated LA6 steam mle fractions in CSTF 

Average 
vessel 

T i m e  steam mole 
(Illin) fraction 

Average 
vessel 

Time  steam mole 
b i n )  fraction 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12 
13 
1 4  
15 
1 6  
17 
1 8  
19  
20 
2 1  
22 
23 
2 4  
25 
26 
27 
28 
29 
30 
3 1  
32 
33 
3 4  
35 
36 
37 
38 
39  
40 
41  

0.5097 
0 -5082 
0.5087 
0 5083 
0.5107 
0.5103 
0.5109 
0.510& 
0,5139 
0.5132 
0.5126 
0.5110 
0.5103 
0.5124 
0.5129 
0.5108 
0.5117 
0.5104 
0.5101 
0 . 5090 
0,5080 
0.5077 
0 . 5059 
0.5052 
0.5040 
0 . 5039 
0.5024 
0.5010 
0 e 5004 
0.4999 
0.4990 
0.4974 
0.4968 
0.4961 
0.4946 
0.4942 
0.4930 
0.4922 
0,4914 
0.4903 
0.4894 
0.4887 

42 
43 
44 
45 
46 
47 
48 
49 
M 
51 
52 
53 
54 
55 
56 
57 
58 
59 
64 
69 
74 
79 
84 
89 
94 
99 
04 

109 
114 
119 
124 
129 
134 
139 
144 
149 
154 
159 
16 4 
16 9 
174 

0.4869 
0.4865 
0 . 4856 
0 A 8 4 9  
0.4841 
0.4839 
0.4822 
0.4812 
0.4808 
0.4793 
0.4770 
0.4725 
0.4691 
0.4663 
0.4647 
0.4627 
0.4623 
0.4606 
0.4583 
0.4561 
0.4552 
0.4523 
0.4509 
0,4499 
0.4482 
0.4466 
0.4455 
0.4441 
0.4436 
0,4426 
0.4415 
0.4409 
0.4399 
0.4392 
0.4385 
0.4377 
0.4371 
0.4378 
0.4386 
0.4396 
0.4402 
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Table 5 .  Calculated LA6 steam mol fractions in CSTF (continued) 

Average 
vessel 

T b e  steam mole 
(dd f pact Ion 

Average 
vessel 

Time steam mole 
(dn) f ractfsn 

179 
184 
189 
194 
199 
204 
209 
2 14 
2 19 
2 24 
229 
234 
2 39 
244 
249 
2 54 
2 59 
2 54 
269 
2 74 
279 

289 
294 
299 
304 
309 
3 14 
3 19 
324 
3 29 
334 
3 39 
344 
349 
3 54 
359 
364 
369 
374 
379 
384 

2 a4 

0.4413 
0.4417 
0.4427 
0.4436 
0 . 4442 
0.4451 
0.4454 
0.4463 
0,4475 
0 A 4 8 0  
0.4488 
0.4495 
0.4503 
0.4511 
0.4518 
0.4533 
0.4538 
0.4551 
0 e 4563 
0 e 4575 
0.4588 
0.4602 
0.4612 
0.4628 
0.4642 

0 e 4667 
0.4683 
0.4693 
0.4706 
0.4715 
0.4728 
0.4741 
0.4753 
0.4764 
0.4777 
0.4785 
0.4395 
0.4807 

0.4836 
0.4845 

0.4658 

0.4822 

389 
394 
39 9 
404 
409 
414 
419 
424 
429 
434 
439 
440 
44 1 
442 
443 
444 
445 
446 
447 
448 
449 

0.4865 
0 e 4878 
0.4884 
0 e 4900 
0.4918 
0 e 4934 
0.4950 
0.4959 
0 4980 
0.4997 
0 a 5015 
0.5017 
0.5022 
0.5027 
0 5027 
0.5031 
0.5033 
0.5024 
0.5007 
0.5001 
0.4995 
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Table 6 .  Summary of requested code output  parameters f o r  
LA6 b l i n d  p o s t t e s t  v e s s e l  c a l c u l a t i o n s  

OUTPUT PARAMETERS AND UNITS 
FOR OUTPUT TIMES OF: 180, 6 4 0 ,  1,080, 2,100, 2 , 3 4 0 ,  3 , 0 0 0 ,  3 , 3 0 0 ,  

3,600, 3 , 9 0 0 ,  4 , 8 0 0 ,  6 , 3 6 0 ,  7 , 2 6 0 ,  9 , 4 8 0 ,  10,620, 
12,000, 14,100, 15,900, 17,520, 19,680, 22,200, and 
25,200 SI 

1. 

2 .  

3. 

4. 

5 .  

Suspended a e r o s o l  mass concent ra t ion  (excluding water )  - f o r  MIXED 
a e r o s o l  and for  EACH s p e c i e s  ( i f  poss ib l e )  - i n  g/m3. 

Concentrat ion of water condensed on a i rbo rne  CsOH and MnO a e r o s o l s  - 
in g / d .  

Cumulative ae roso l  (excluding water )  s e t t l e d  i n  t h e  v e s s e l  - f o r  
MIXED a e r o s o l  and fo r  EACH species ( i f  poss ib l e )  - i n  grams. 

Cumulative a e r o s o l  (excluding water) p l a t e d  on vessel walls and 
c e i l i n g s  - for MIXED a e r o s o l  and f o r  EACH spec ie s  ( i f  poss ib l e )  - i n  
grams. Also, t a b u l a t e  t he  p l a t ed  a e r o s o l  according t o  mechanism, i f  
poss ib le .  Such aechanisms may inc lude  d i f f u s i o p h o r e s i s ,  
thermophoresis,  Brownian d i f f u s i o n ,  etc.  

The s e t t l i n g  f l u x  o r  t h e  s e t t l i n g  rate of a e r o s o l  (excluding water )  - for MIXED a e r o s o l  and for EACH spec ie s  ( i f  poss ib l e )  - i n  g/(m2s) 
o r  i n  g / s .  

PLEASE ALSO PROVIDE THE FOLLOWING: 

1. 

2 .  

The aerodynamic mass-rnedian diameters (AMPID) - i n  urn - and t h e  
geometr ic  s tandard  d e v i a t i o n  (GSD) - dimensionless  - f o r  MIXED 
a e r o s o l  and f o r  EACH spec ie s  ( i f  poss ib l e ) .  Provide t h e s e  f o r  
ou tpu t  times of 480, 1,380, 2,580, 3,000, 4,800, 7,620, 9,480, 
11,280, 12,966, 15,900, 17,400, 19,680, 22,200, and 25,200 s. 

"DISCRETE" code use r s  should provide t a b l e s  of ae roso l  (excluding 
water) mass - i n  ( g )  o r  mass concent ra t ion  (g/rn3) i n  each s i z e  
group - f o r  MIXED a e r o s o l  and f o r  EACH species ( i f  poss ib l e ) .  
The mass o r  mass concent ra t ion  of water condensed on t he  ae roso l  i n  
each s i z e  group should be provided sepa ra t e ly .  Provide these  for 
ou tpu t  times of 480, 2,580, 7,620, 11,280, 12,960, and 17,400 s. 

aAMMD should be determined (by "DISCRETE" code use r s )  by p l o t t i n g  
cumulative mass f r a c t i o n  vs UPPER, not average, b in  s i z e .  
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and GSD using codes t h a t  include v a r i a b l e  d e n s i t i e s ,  t h e  diam- 

eter of each s i ze  b i n  should be converted t o  t h e  corresponding 

"aerodynamic diameter" by mult iplying by t h e  square soo t  ~f t h e  

d e n s i t y  for t h e  p a r t i c u l a r  s ize  bin.b 

3. Discrete codes should determine AMMD by p l o t t i n g  cumulative 

a e r o s o l  mass vs t h e  upper diameter of the s i z e  bins, s i n c e  t h e  

diameter of a l l  mass i n  t h a t  b in  is smaller than o r  equal  t o  

t h e  upper b in  diameter.4 

4. A number of codes c a l c u l a t e  GSD by t ak ing  t h e  r a t i o  of t h e  

p a r t i c l e  diameter a t  84.13% cumulative mass t o  t h e  mass median 

diameter (50% cumulative mass); t h i s ,  however, only a p p l i e s  i f  

the d i s t r i b u t i o n  i s  log-normal. A recommended way t o  c a l c u l a t e  

t h e  GSD is by use of t h e  more gene ra l  formula: 

ln(GSD) = [C(ni-(lndi - lndg>2)/N]o*5 ( 2 )  

where n i  is t h e  number of particles wi th  diameter di, dg is  the 
geometric mean diameter ,  and N is the  t o t a l  number of 

p a r t i c l e s .  

c a l c u l a t e  t h e  GSD; i n  some cases t h i s  formula may need t o  be 

replaced by t h e  fol lowing one: 

We recommended4 t h a t  t h e  above formula be used eo 

ln(GSD) = [ l ( f i - ( l n d i  - lnd,)2)]0*5, 

Indm = l f i - l n d i ,  ( 4 )  

( 3 )  

where dm = t h e  logari thmic mass-mean diameter def ined as 

where f i  = t h e  mass f r a c t i o n  of ae roso l  w i th  diameter d i .  

t h a t ,  i f  t he  d e n s i t y  v a r i e s  from b i n  t o  bin,  d i  should be the  

average aerodynamic diameter f o r  a p a r t i c u l a r  s i z e  bin. 

Note 

F i n a l l y ,  p a r t i c i p a n t s  in t h e  LA6 p o s t t e s t  e x e r c i s e  w e r e  requested t o  

submit a summary of the major input-parameter assumptions used i n  t h e i r  

c a l c u l a t i o n s  and t o  provide a copy of the actual. computer-code inputs 

and outputs  from t h e i r  ca l cu la t ions .  
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3. TEST AM) CODE RESULTS FOR TEST LA6 

The LA6 b l i n d  p o s t t e s t  calculations were performed by s ix  inves t iga -  

tors. The codes used and t h e  a f f i l i a t i o n s  of t h e  code a n a l y s t s  are l i s t e d  

i n  Table 7. A l l  codes used f o r  LA6 c a l c u l a t i o n s  u t i l i z e d  a d i s c r e t e  

Table  7. Summary of codes used for LA6 posttest 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  

MCT-2 (NYPA) 

NAUA4-HYGROS (EPBI) 

NAJJA4-HYGROS (FN,DRY) 
NAUA4-HYGROS (FN,WET) 

REMOVAt/2G (JN) 

SWAUA (US) 

M. L. Tobias United S t a t e s ,  
O a k  Ridge Nat ional  

Laboratory 

P. Bianiarz  United S t a t e s ,  
N e w  York Power Authori ty ,  
Risk Management 

Associates  

R. Sher United S t a t e s ,  
Electr ic  Power Research 
Ins t i  t u  te 

J. Jokiniemi Finland,  
Technical Research Centre 

K. Muramatsu Japan, 
Japan Atomic Energy 

Research I n s t i t u t e  

A. Drozd United S t a t e s ,  
Stone and Webster 

Engineering Corporation 

a I n i t i a l s  i n  parentheses  i n d i c a t e  country o r  organizat ion.  

p a r t i c l e - s i z e - d i s t r i b u t i o n  (PSD) model. The c a l c u l a t i o n s  performed with 

t h e  MCT-2 (NYPA) and t h e  REMOVAL/2G (JN) codes d id  not permit water con- 
densa t ion  onto ae roso l s .  Water condensation onto aerosols was permitted 

i n  t h e  CONTAIN ( O W )  c a l c u l a t i o n  but was not c a l c u l a t e d  to occur. The 

NAUA4-HYGROS ( E P R I ) ,  NAUA4-HYGROS ( F N ) ,  and SWNAUA-HYGRO (US)  codes 

included models f o r  t h e  growth of C s O H  ae roso l s  due t o  the  hygroscopic 



1 6  

i n t e r a c t i o n  with a i rbo rne  water vapor. This e f f e c t  can l ead  t o  s i g n i f i c a n t  

"condensation" of water onto CsOK a e r o s o l s  f o r  sub-saturated steam con- 

d i t i o n s  i n  t h e  CSTF vessel .  Two NAUA4-EpyGROS (FN) c a l c u l a t i o n s  were 
p e ~ f ~ m & :  
a e r o s o l s  w a s  no t  allowed, and (2) a "WET" c a l c u l a t i o n  where water uptake 

by t h e  s o l i d  ae roso l s  was permitted.  The CONTAIN, EPIOVAL/2G,  and 

SWAUA-WYGRO codes are "multi-component" codes i n  t h a t  t h e  dry a e r o s o l  

mass r a t i o s  can vary f o r  d i f f e r e n t  s i z e  bins;  t h e  o the r  codes used are 
single-component a e r o s o l  codes. However, i n  a l l  of t h e  NAUA ver s ions  t h e  

d e n s i t y  of water on t h e  ae roso l s  can be d i f f e r e n t  than t h e  dry ae roso l  

d e n s i t y  and so t h e  e f f e c t i v e  dens i ty  of the  a e r o s o l  i n  each s ize  b in  can 

vary due t o  t h e  mass f r a c t i o n  o f  water i n  t h a t  s i z e  b i n  ( i n  CONTAIN a l l  
components, including water, are assumed t o  have the  same densi ty) .  The 

REMOVAL/2G code c a l c u l a t e s  t h e  d e n s i t y  of each par t ic le  s i z e  b in  as a 

f u n c t i o n  of t h e  a e r o s o l  composition of t h a t  bin. For a l l  of t he  NAUA and 

€or t h e  REMOVAL/2G c a l c u l a t i o n s ,  t he  dens i ty  of each s i z e  b in  is then 

used t o  determine the  s e t t l i n g  rate f o r  t h e  particles i n  t h a t  bin. 

(I9 a "DRY" c a l c u l a t i o n  w h e ~ e  water uptake by t h e  s o l i d  

Data from LA6 experimental  measurments and code c a l c u l a t i o n s  are 

l i s t e d  i n  Tables 8 and 9 and Figs. 2 through 48. Table 8 and Figs. 2 

through 7 con ta in  measured and c a l c u l a t e d  a e r o s o l  ( f o r  CsOH, MnO, and 

t h e  sum of t h e  two) concentrat ion d a t a  vs t i m e .  Figure 8 p resen t s  com- 

pa r i sons  of t h e  measured and ca l cu la t ed  a i rbo rne  FlnO/CsOH a e r o s o l  mass 
r a t i o  vs t i m e .  The ae roso l  concen t r a t ion  measurements were made a t  

s e v e r a l  v e s s e l  l o c a t i o n s  using " c l u s t e r "  and "through-the-wall" samplers. 

Table 8 l i s t s  ca l cu la t ed  (from measured values)  mean a e r o s o l  con- 

c e n t r a t i o n s  and s tandard e r r o r  ( o r  s tandard dev ta t ion )  of the mean values 

f o r  each sampling t i m e .  These values were determined using the  following 

s t anda rd  expressions: 
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Table 8. Summary of measured vessel aerosol concentration 
results fo r  LACE LA6 

CsOH MnO CsOE + -0 
concentration concentration concentrat ion 

Standard Standard Standard 
mean mean mean Airborne 

T i m e  Mean error Mean error Xean error M~O/CSOH 
(SI (g/m3) (2 )  (g/m3) (2)  (g/m3) (XI r a t i o  

161 
450 
7 50 

1,050 
1,350 
2,033 
2,310 
2,970 
3,270 
3,570 
3,930 
4,770 
6,380 
7,263 
7,950 
9,450 

10,590 
11,895 
14,067 
15,905 
17,481 
19,650 
22,235 
25,200 
26,919 

2.3 70E-1 
3.090E-1 
4.3253-1 
5.935E-1 
7.075E-1 
1.087Ei-O 
1.221Ei-o 
1.686Ei-O 
1.490E+O 
1.2803+0 
1.381EW 
1.026Ei-o 
5.700E-1 
4.2403-1 
3.460E-1 
1.920E-1 
1.2833-1 
8.700E-2 
4.28313-2 
2.4733-2 
1.320E-2 
8 . 9253-3 
4 . 84811-3 
2 3383-3 
4.000E-4 

21.4 
4.1 
0.6 
1.5 
5.1 
3.6 

15.2 
12.4 
11.8 
4.6 

12,4 
6.8 
7.4 
8.1 
7.3 
6.6 
5.4 
9*3  

13.9 
15.0 

7.9 
10.8 
13,6 
12.7 
5.8 

1 . 5623-1 
2.9653-1 
4.595E-1 
6 . 245E-1 
6.800E-1 
1.6flEi-O 
2.270E4-O 
2.023EM 
1.992E+O 
1.95SEM 
1 960EM 
1.640E-W 
I. 143E+O 
7.802E-1 
6.055E-1 
3.700E-1 
2.540E-1 
1.6453-1 
9.5503-2 
6.0253-2 
3.7403-2 
2.735E-2 
1.458E-2 
8.7753-3 
1.9 353-3 

21.2 3.9323-1 
8.1 6.0553-1 
2.6 8.9203-1 
0.3 1.218Ei-0 
4.7 1.387E+O 
1.9 2.699Ei-O 

19.1 3.491E4-0 
3.7 3.7093W 
4.3 3.482Ei-O 
3.8 3.23534-0 
4.1 3.34134-0 
7.8 2.66634-0 

14.1 I. 713E4-0 
7.7 1.204E.M) 
4.5 9.5153-1 
6.7 S.620E-1 
8.3 3.823E-1 
6.8 2.51SE-1 

11.0 1.3833-1 
12.4 8.498E-2 
2.2 5.0603-2 
9,3 3.628E-2 

21 e 2 1 . 9423-2 
12.9 1 . 1 l l E - 2  
0.2 2.335E-3 

21.2 0.659 
6.2 0.960 
1.6 1.062 
0.9 1.052 
4.6 0.961 
2.2 1.482 

10.1 1.860 
7.4 1.200 
7.0 1.336 
4.1 1.527 
7.5 1.420 
7.5 1.598 
8.9 2.005 
7.8 1.840 
5.6 1.750 
6.7 1.927 
7.3 1.979 
7.7 1.891 

2.230 11.5 
13.0 2.437 
3.6 2.833 
9.5 3 064 

19.2 3.007 
12.9 3.754 
0.9 4.838 
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Table 9. Summary of measured aerosol size-distribution 
results for LACE LA6 

Hixed aerosol. Mixed aerosol 
a e ro d y n w  c g e c1 me t 1: i c 

Sample mss-median standard 
number Salnple tfw d lame t er deviation 

( % I  ( Id l a>  

T3-11 
T5-I2 
T4-I1 
TI-I1 
T5-I3 
T1-I2 
T4-I2 
TI-I3 
T4-I3 
T1-I4 
T4-I4 
T1-I5 
T4-I5 

465 
2,106 
2,595 
2,601 
2,766 
7,560 
7,680 

11,160 
11,400 
12,930 
13,020 
17,400 
17,400 

1.85 
2 - 7 3  
3,30 
2.40 
2.55 
4.15 
4.95 
3.95 
3.95 
3.40 
4.10 
2.55  
3.70 

2.01 
1.81 
1.68 
1.80 
1.83 
1.63 
1.70 
1.56 
1.69 
1.52 
1.63 
1.63 
1.75 
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Fig. 7 .  LA6 posttest results: airborne total aerosol concentration vs 
t i m e .  for NAUA calculations. 
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Fig.  8. LA6 posttest results: airborne MnO/CsOH mass ratio vs time. 
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Fig. 13. LA6 posttest results: calculated MnO settled 
mass v s  time, for NAUA calculations. 
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Fig. 20. LA6 posttest results: calculated CsOH plated 
mass vs time, for NAUA calculations. 
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Fig. 24. LA6 posttest results: calculated total plated 
mass vs time, for NAUA calculations. 
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Fig. 35. LA6 posttest results: GSD vs time, for NAUA 
calculations. 
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Fig. 38. LA6 posttest results: normalized mass fraction 
in size bin vs average bin AMMD, CONTAIN (ORNL) data. 
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Fig. 39. LA6 posttest results: normalized mass fraction 
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Fig. 40. LA6 posttest results: normalized mass fraction 
in size bin v s  average bin AMMD, MCT-2 (NYPA) data. 



5
8

 

N
IB

 N
I N

O
Il3V

LJd SSVW
 Q

3ZIlV
W

tlO
N

 



ORNL DWG 88-166 
10’ I I I I l l ~ l 1  I I 1 I I I t t I  I I I I I I t I  

loo 

z 10-1 
Q 

- LA6 POSTTEST - NAUA4-HYGROS (FN,WET) 

z - - 
re 

z 
I- 

E 
IL 

2 

a 
I - - 
2: Y E 

IO+ 

I d 6  

-I 
4 - 

0 z 

- - 

- - - 

- - - - 
+ I I I I 1  I 1 1 1  I I I 1 I I I l l  I t I I I I I I J  

lo-’ 1 oo 10’ 1 o2 
AVERAGE BIN AMMO (pm) 
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Fig. 46. LA6 posttest results: aerosol density in size 
bin vs average b i n  diameter, NAUA4-MYCROS (FN,WET) data. 
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where 

Cm = mean ae roso l  concentrat ion,  

E,, = standard e r r o r  of t he  mean, 
C i  = measured concentrat ion at sampling t i m e  t i ,  and 

N = number of concentrat ion measurements a t  each 

sampling t i m e .  

Note t h a t  t he  "standard e r r o r "  i nc ludes  the  e r r o r  a s soc ia t ed  with making 

m u l t i p l e  measurements of t h e  same q u a n t i t y  and does not include t h e  

e r r o r  a s soc ia t ed  with how each measurement is made. 

Figure 9 shows a p l o t  of t h e  c a l c u l a t e d  a i rbo rne  water-aerosol 

concen t r a t ion  vs t i m e  - t h a t  is ,  t h e  a i rbo rne  water t h a t  has been 

c a l c u l a t e d  t o  "condense" onto t h e  s o l i d  ae roso l s .  Water uptake onto 

a e r o s o l s  w a s  only ca l cu la t ed  by t h e  NAUA codes t h a t  included t h e  

"hygroscopic" a e r o s o l  growth model; CONTAIN c a l c u l a t i o n s  d id  not  p r e d i c t  

water condensation onto t h e  aerosols .  

Figures  10 through 18 present  ca l cu la t ed  and measured a e r o s o l  

s e t t l i n g  d a t a  f o r  tes t  LA6. The cumulative s e t t l i n g  vs t i m e  r e s u l t s  i n  

Figs.  10-15 inc lude  only code c a l c u l a t i o n s ,  because - due t o  t h e  water- 

f l a s h i n g  phase of t h i s  t es t  - v a l i d  measurements of t o t a l  ae roso l  

s e t t l i n g  could not be made i n  LA6. Comparisons of c a l c u l a t e d  and 

measured a e r o s o l  s e t t l i n g  rates are shown i n  Figs. 16-18. S e t t l i n g  rate 

measurements were made by i n s e r t i n g  coupons i n t o  the  v e s s e l  f o r  given 

per iods of t i m e  and measuring t h e  a e r o s o l  inass c o l l e c t e d  on the  coupons. 

Figures  19 through 24 con ta in  c a l c u l a t e d  cumulative a e r o s o l  p l a t e o u t  

on to  v e r t i c a l  su r f aces  vs t i m e .  Only c a l c u l a t e d  ae roso l  p l a t e o u t  values  

a re  shown; as f o r  a e r o s o l  s e t t l i n g ,  v a l i d  t o t a l  a e r o s o l  p l a t eou t  measure- 

ments could not be made €or  t es t  LA6. 

Figures  25 through 30 l is t  ca l cu la t ed  and "measured" t o t a l  ae roso l  

r e t e n t i o n  ( r e t e n t i o n  = s e t t l i n g  f p l a t e o u t )  i n  t h e  CSTF vessel vs. t i m e .  

The "measured" ae roso l  r e t e n t i o n  vs t i m e  d a t a  are " r e l a t i v e "  d a t a  es t i -  

mated from t h e  ae roso l  concentrat ion d a t a  f o r  t > 2,970 s. We used t h e  
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measured concentrat ion d a t a  a t  t = 2,970 s as a base l ine  and c a l c u l a t e d  

t h e  i n c r e a s e  in r e t a i n e d  mass from the  decrease i n  a e r o s o l  concen t r a t ion  

f o r  t > 2,970 s. In a d d i t i o n ,  t h e  d a t a  were normalized so that t h e  t o t a l  

r e t e n t i o n  based on t h e  concen t r a t ion  measurements was s e t  equa l  t o  the  

t o t a l  a e r o s o l  released based on t h e  test mass balance. Because of t h i s ,  

w e  b e l i e v e  t h a t  only t h e  shapes of t h e  "measured" and c a l c u l a t e d  cumula- 

t ive  r e t e n t i o n  curves should be compared. 

Table  9 con ta ins  t h e  measured APIMD and G S D  d a t a  vs time from test 

LA6, and Figs. 31-35 show comparisons of measured and c a l c u l a t e d  AMMD and 

GSD data.  The AMMD and GSD r e s u l t s  in Table 9 are values t h a t  w e  calcu- 

lated using t h e  data suppl ied by HEDL; GSD values  were c a l c u l a t e d  using 

E q s .  3 and 4 .  

Calculated and measured d a t a  f o r  particle s i z e  d i s t r i b u t i o n s  as a 

f u n c t i o n  of t i m e  are given in Figs. 36 t o  4 4 .  Each f i g u r e  corresponds 

e i t h e r  t o  a set of test d a t a  (Figs. 36 and 37 f o r  impactor d a t a ,  with 

t w o  d i f f e r e n t  v e r t i c a l - a x i s  scales) o r  t o  d a t a  f o r  an ind iv idua l  code; 

each p l o t  includes d a t a  f o r  s i x  t i m e s .  In each f i g u r e ,  t h e  "normalized" 

a e r o s o l  mass f r a c t i o n  in a s ize  class, o r  s i z e  b in ,  i s  p l o t t e d  vs t h e  

average AMMD of a s ize  bin. The average AMMD was used because d i f f e r e n t  

codes assumed d i f f e r e n t  ae roso l  d e n s i t i e s ;  and, i n  f a c t ,  sone codes 

allowed f o r  va r i ed  d e n s i t i e s  i n  d i f f e r e n t  s i z e  bins.  I n  a d d i t i o n ,  the 

c a l i b r a t i o n  of cascade impactors is  based on t h e  AMMD. I n  t h e  p l o t s ,  t he  

"normalized mass f r a c t i o n "  f o r  code c a l c u l a t i o n s  w a s  determined by 

d i v i d i n g  t h e  bin mass f r a c t i o n  by a f a c t o r  equal  t o  t h e  sum over a l l  
b i n s  of t h e  b in  dry-mass f r a c t i o n  mul t ip l i ed  by [ ln (du) - ln (d l )  1 , where d, 

and d l  are the  upper and lower aerodynamic diameters of each bin. 

t h e  cascade impactor da t a ,  t h e  s i z e  range measured by t h e  impactors w a s  

d iv ided  i n t o  t e n  s i ze  bins ,  t h e  mass f r a c t i o n  i n  each of these  b ins  w a s  

determined g r a p h i c a l l y ,  and t h e  plots were produced i n  a s i m i l a r  manner 

t o  those f o r  t h e  c a l c u l a t e d  s i z e  d i s t r i b u t i o n s .  

For 

Figures  45 through 48 show t h e  c a l c u l a t e d  dependence of ae roso l  
d e n s i t y  on t h e  average b in  diameter;  t hese  p l o t s  are f o r  t he  NAUA calcu- 

l a t i o n s  t h a t  p red ic t ed  water uptake by t h e  dry a e r o s o l  and f o r  t h e  

REMOVAL/2G (JN) ca lcu la t ion .  Other codes did not  p e r m i t  t he  bin density 
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t o  vary f o r  d i f f e r e n t  s i z e  bins. 

(JN) code ou tpu t s  included t h e  ca l cu la t ed  a e r o s o l  dens i ty  i n  each s i ze  
b i n  vs t i m e .  The bin-density v a r i a t i o n s  far t h e  NAUA4-KYGROS (EPRI) and 

t h e  NAUA4-HYGROS (FN,GSET) c a l c u l a t i o n s  were determined us ing  t h e  

fol lowing f o m l a :  

The SWANAUA-HYGRO (US) and REMOVAL/ZG 

modx = 1/[(fw/RHOs) + (fw/RHOw)I, ( 7 )  

RHO,ix = c a l c u l a t e d  b in  d e n s i t y  of mixture,  

IWO, = s o l i d  a e r o s o l  dens i ty ,  

RHO, = water dens i ty ,  

f, = s o l i d  a e r o s o l  mass f r a c t i o n  i n  b in ,  

fw = water a e r o s o l  mass f r a c t i o n  i n  bin. 

4. DISCUSSION OF LA6 CODE-EXPERIMENT COMPARISON RESULTS 

This s e c t i o n  p resen t s  a d i scuss ion  of how t h e  codes compare t o  t h e  

LA6 tes t .  We w i l l  f i r s t  give an o v e r a l l  d i scuss ion  of t h e  test and code 

comparisons, followed by a d i scuss ion  of t he  important a spec t s  of each 

of t h e  code ca l cu la t ions .  

Table 8 and Figs  2 through 8 have t h e  measured and ca l cu la t ed  

a e r o s o l  concentrat ion d a t a  f o r  test LA6. In looking a t  t he  data i n  Table 

8 ,  we no te  f i r s t  t h a t  t h e  ca l cu la t ed  "standard mean e r r o r s "  -which are 

a s s o c i a t e d  with making m l t i p l e  measurements of Concentrations at d i f f e r -  

e n t  l oca t ions  a t  each sampling t i m e  - a r e  (15% f o r  most of the  samples 

taken i n  LA6. The l a r g e r  e r r o r  f o r  t he  sample taken a t  161  s may suggest 

(as would be expected) t h a t  t he  a e r o s o l  w a s  not well-mixed i n  t he  vessel 

s h o r t l y  a f t e r  t h e  s t a r t  of t he  ae roso l  generat ion period. 

An i n t e r e s t i n g  r e s u l t  w a s  obtained during the  process of c a l c u l a t i n g  

estimates of t he  test a e r o s o l  r e t e n t i o n  vs t i m e  (Figs. 25 t o  30) ,  We 

c a l c u l a t e d  t h e  a i rbo rne  ae roso l  mass a t  2,970 s ( s h o r t l y  before  the end 

of ae roso l  generat ion a t  3,000 s) from t h e  measured ae roso l  Concentration 

a t  t h a t  t i m e  (Table 8). The ca l cu la t ed  CsOH a i rbo rne  MSS was 1 , 4 3 6  g 

and the  ca l cu la t ed  MnO a i rbo rne  mass w a s  1,724 g; these values can be 
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compared t o  t h e  t o t a l  a e r o s o l  genera t ion  va lues ,  obtained from t he  test 

mass balance,  of 1,233 g for CsOH and 2,115 g f o r  MnO. Since some aero- 
s o l  depos i t i on  would occur dur ing  t h e  genera t ion  per iod ,  we would expect 

the a e r o s o l  concen t r a t ion  f o r  each spec ie s  a t  2,970 s t o  be less than the  

t o t a l  a e r o s o l  genera t ion  from t h e  mas8 balance. 

t h e  MnO comparison but  not for  the  CeOB. 

gene ra t ion  d a t a  f o r  CsOB (that d a t a  suppl ied  as code inpu t )  may have been 

lower than a c t u a l l y  a t t a i n e d  i n  t h e  test. 

This was t h e  case f o r  

This means t h a t  t h e  ae roso l  

F igures  2 and 3 d e t a i l  comparisons of measured and c a l c u l a t e d  CsOH 

airborne a e r o s o l  concent ra t ions  vs time. Throughout t h i s  r e p o r t ,  we  
u s u a l l y  present two plots f o r  each quan t i ty :  one inc luding  NAUA-version 

code c a l c u l a t i o n s ,  and one inc luding  c a l c u l a t i o n s  performed wi th  o t h e r  

codes. W e  no te  first t h a t  most codes seemed t o  do a reasonable  j o b  of 

c a l c u l a t i n g  t h e  CsOH concent ra t ion  behavior dur ing  t h e  aerosol-source 

per iod ,  but t h a t  l a r g e r  v a r i a t i o n s  occurred dur ing  the  time a f t e r  t h e  

source  period. Exceptions t o  t h i s  g e n e r a l i z a t i o n  are the  concent ra t ion  

results c a l c u l a t e d  with REMQVAL/2G (JN); t h e i r  c a l c u l a t e d  ae roso l  con- 

c e n t r a t i o n s  dur ing  t h e  source  per iod were s i g n i f i c a n t l y  less than those 

c a l c u l a t e d  by the  o the r  codes. The ua jor  reason f o r  t hese  except ions 

was an e r r o r  in t h e  ae roso l  size used f o r  t he  c a l c u l a t i o n s ;  t h i s  w i l l  be 

discussed  i n  d e t a i l  l a t e r  i n  t he  repor t .  W e  a l s o  note  t h a t  a l l  codes 

underpredfcted the a i rbo rne  aerosol concent ra t ion  a t  the end of t he  

aerosol-source p e r i o d .  This  is l i k e l y  t o  have been due (as w e  discussed 

i n  t h e  previous paragraph) t o  an e r r o r  i n  t h e  

prescr ibed  f o r  LA6 p o s t t e s t  ca l cu la t ions .  
CsOH a e r o s o l  source r a t e  

For t h e  C s O K  a e r o s o l  concent ra t ion  comparisons, we can see  t h a t :  

(1) t h e  SWNAUA-HYGRO (US) and NAUA4-HYGROS (EPRI) c a l c u l a t i o n s  d id  the  

b e s t  j o b  of p red ic t ing  the  ae roso l  decay a f t e r  t he  a e r o s o l  per iod ,  
( 2 )  t h e  NAUA4-HYGROS (FN,WET) c a l c u l a t i o n  s i g n i f i c a n t l y  overpredic ted  the  

decay in  ae roso l  concent ra t ion ,  ( 3 )  t h e  MCT-2 (NYPA) c a l c u l a t i o n  did a 

reasonable  j o b  of p red ic t ing  the  ae roso l  decay up to  10,000 s ,  but then it 

overest imated t h e  a i rbo rne  concent ra t ion ,  and ( 4 )  the o the r  ca l cu la t ions  

d i d  not  adequately match the  measured CsOH ae roso l  concent ra t ion  vs t i m e  
a f t e r  t he  source period. 
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Figures  4 and 5 show comparisons of measured and ca l cu la t ed  MnO 

a i r b o r n e  a e r o s o l  concentrat ions vs t i m e .  Note t h a t  p red ic t ed  and 

measured MnO a e r o s o l  concencrations at t h e  end of t h e  source period 

(3,000 s) agreed q u i t e  w e l l  f o r  a l l  c a l c u l a t i o n s ,  except f o r  t h e  

REMOVAL/2G (JN) one. Other than t h i s ,  t h e  o v e r a l l  code-comparisons 

are similar t o  those discussed above for CsOH. This is a l s o  t h e  

case f o r  t h e  CsOH-tMnO a i rbo rne  concentrat ion d a t a  l i s t e d  i n  Figs. 6 

and 7. 

Figure 8 g ives  comparisons of measured and ca l cu la t ed  MnO/CsOH 

a i r b o r n e  mass r a t i o  d a t a  vs t i m e ;  t he  test data are a l s o  included i n  

Table 8. Comments on the test  data and code comparisons include the 

following: 

1. A l l  of t he  codes did an e x c e l l e n t  job of p red ic t ing  the 

a i r b o r n e  NnO/CsOH mass r a t i o  up t o  2,310 s. The measured 

d a t a  suggests  a sharp drop i n  t h e  MnO/CsOH a i rbo rne  mass 

r a t i o ,  from 1.86 t o  1.20, between 2,310 and 2,970 s; none of 

t h e  codes p red ic t ed  t h a t .  The standard e r r o r  values i n  

Table 8 suggest ,  however, t h a t  sampling e r r o r s  a t  2,310 s 

were high; t he  drop i n  MnO/CsOH r a t i o  from 1.86 t o  1.20 may 

be due t o  t h i s .  

2. The test r e s u l t s  show a gradual  i nc rease  i n  the  ElnO/CsOH 

a i r b o r n e  mass r a t i o  f o r  t i m e s  a f t e r  3,000 s ,  from values 

around 1.2 a t  3,000 s t o  values > 3 f o r  t > 19,000 s. None 

of t he  codes predicted the  t ime-variation of t h e  MnO/CsOH 

a i r b o r n e  mass r a t i o  w e l l .  A l l  codes overpredicted t h e  a i r -  

borne NnO/CsOH r a t i o  a t  3,000 s, and underpredicted the  
MnO/CsOH r a t i o  f o r  l a t e r  t i m e s .  The REMOVAL/2G (JN) calcu- 

l a t i o n  w a s  t h e  only one t h a t  p red ic t ed  a decrease i n  
MnO/CsOH r a t i o  f o r  times > 3,000 9. 

Figure  9 contains  ca l cu la t ed  r e s u l t s  f o r  the a i rbo rne  concentrat ion 
of water t h a t  i s  a s soc ia t ed  with the  CsOH.and MnO ae roso l s  for the  NAUA 

c a l c u l a t i o n s  t h a t  predicted water "condensation" onto ae roso l s  due t o  the 

hygroscopic e f f e c t .  Although the  predicted resul ts  are similar, the re  
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were t h r e e  t i m e  per iods where s i g n i f i c a n t  d i f f e r e n c e s  were observed: 

(1) f o r  times around 200 s, where t h e  NAIIA4-HYGBOS (FN,WET) c a l c u l a t i o n  

p r e d i c t e d  s i g n i f i c a n t l y  h ighe r  water a s soc ia t ed  wi th  t h e  a e r o s o l s ,  

(2 )  s h o r t l y  after 3,000 s, where the SWAUA-HPGRO (US) c a l c u l a t i o n  

p red ic t ed  lower amounts of water on t h e  ae roso l s ,  and ( 3 )  l a te  times, 

where t h e  c a l c u l a t e d  water on t h e  ae roso l s  va r i ed  over  a f a c t o r  of 100. 

Note t h a t  f o r  late times w e  might expect t h e  a i rbo rne  water from the 

NAUA4-HYGROS (FN,WET) c a l c u l a t i o n  t o  be less than the  o the r s ,  s i n c e  the  

c a l c u l a t e d  "dry" a e r o s o l  concentrat ion was, f o r  la te  times, much less 
than  t h e  o t h e r  NAUA c a l c u l a t i o n s  predicted.  

It is also important t o  consider  t h a t  t h e  mass of water p red ic t ed  

t o  condense onto t h e  ae roso l s  due t o  t h e  CsOH-hygroscopic e f f e c t  i s  
q u i t e  l a r g e  during times less than about 6,000 s. For some por t ions  

o f  t h i s  t i m e ,  t he  mass of water a i rbo rne  on t h e  s o l i d  aerosols is as 

much as 10 times the  s o l i d  a e r o s o l  mass. 
i n f l u e n c e  on p red ic t ed  a e r o s o l  s e t t l i n g  rates. 

This has a s i g n i f i c a n t  

R e s u l t s  from c a l c u l a t i o n s  of cumulative s e t t l e d  a e r o s o l  mass vs t i m e  

are d e t a i l e d  i n  Figs. 10 t o  15. As w a s  s t a t e d  i n  S e c t .  3, t o t a l  s e t t l e d  

mass measurements could not  be made in test LA6. Furthermore, on the 

p l o t s  of s e t t l e d  and p l a t e d  mass vs t i m e ,  d a t a  from the  MCT-2 (NYPA) 

c a l c u l a t i o n  is not  included; t h i s  i s  because we were only suppl ied w i t h  

r e s u l t s  f o r  r e t a ined  aerosol mass vs time f o r  t h a t  ca l cu la t ion .  Comments 

on t h e  r e s u l t s  i n  t h e s e  f i g u r e s  are discussed below: 

1. Trends i n  t h e  c a l c u l a t e d  d a t a  f o r  t he  CsOH, MnO, and t o t a l  

aerosol w e r e  similar,  so we w i l l  mostly address our comments t o  

t h e  d a t a  presented i n  Figs. 14 and 15. 

2. S e t t l i n g  was t h e  dominant depos i t i on  mechanism p red ic t ed  by the 

codes f o r  t h e  LA6 test .  Calculated t o t a l  s e t t l e d  mass values 

p r i o r  t o  t h e  t i m e  of v e s s e l  blow-down (27,000 s )  var i ed  between 

2,000 and 3,000 g of aerosol ;  t h i s  i s  l a r g e  s i n c e  the  t o t a l  test 

a e r o s o l  gene ra t ion  w a s  3,350 g based on t h e  mass balance. 
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3. The REMOVAL/2G (JN) c a l c u l a t i o n  predicted a t o t a l  s e t t l e d  

a e r o s o l  mass a t  3,000 s t h a t  was more than 5 t i m e s  g r e a t e r  than 

t h a t  p red ic t ed  by t h e  o the r  codes. This caused t h e  a e r o s o l  

concen t r a t ion  r e s u l t s  discussed previously,  and r e s u l t e d  

from t h e  e r r o r  in t h e  inpu t  a e r o s o l  s i z e  used i n  t h e  REMOVAL 

c a l c u l a t i o n .  

4 .  Resu l t s  ca l cu la t ed  by t h e  o t h e r  codes used i n  t h e  LA6 study 

were s i m i l a r  f o r  times up t o  3,000 s,  but th9.y va r i ed  f o r  

la ter  times. The NAUA4-WGROS (FN,WET) c a l c u l a t i o n  p red ic t ed  

t h e  l a r g e s t  i nc rease  in s e t t l e d  mass f o r  t i m e s  s h o r t l y  after 

3,000 s; t h i s  is c o n s i s t e n t  w i th  t h e  rapid decrease i n  a i rbo rne  

a e r o s o l  mass pred ic t ed  by t h i s  c a l c u l a t i o n  f o r  times g r e a t e r  

t han  3,000 s. The CONTAIN ( O W )  c a l c u l a t i o n  p red ic t ed  the  

s lowest  i nc rease  i n  s e t t l e d  mass f o r  t i m e s  g r e a t e r  than 3,000 s, 
which is a l s o  cons i s t en t  with the  CONTAIN a e r o s o l  concentrat ion 

r e s u l t s  . 
Measured and ca l cu la t ed  a e r o s o l  s e t t l i n g  rates a r e  l i s t e d  i n  

Figs. 16 t o  18 ( d a t a  f o r  t h i s  parameter were not suppl ied t o  us f o r  t h e  

CONTAIN ( O W )  and MCT-2 (NYPA) c a l c u l a t i o n s ) .  The measured s e t t l i n g  

r a t e  d a t a  was obtained from coupons i n s e r t e d  i n t o  the  v e s s e l  atmosphere 

a t  var ious t i m e s  during the experiment. The following comments on t h i s  

d a t a  can be made: 

1. W e  i n t e g r a t e d  t h e  measured s e t t l i n g  ra te  d a t a  t o  o b t a i n  

estimates of t o t a l  s e t t l e d  mass f o r  LA6. The t ime-integrated 

t o t a l  s e t t l e d  mass values were 720 g f o r  t h e  CsOB ae roso l  and 

730 g f o r  t he  MnO ae roso l .  I f  we (1) compare t h e s e  numbers t o  

t h e  t o t a l  mass-balance a e r o s o l  production values  of 1,233 g f o r  

CsOH and 2,115 g f o r  MnO, and ( 2 )  be l i eve  t h a t  most of t h e  aero- 

sol depos i t i on  i n  LA6 w a s  due t o  a e r o s o l  s e t t l i n g ,  we see t h a t  

t h e  measured s e t t l i n g  rates seem t o  be lower than expected based 
on t he  mass-balance data. 
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2. Except f o r  t he  mMOVAL/ZG (JN) and NAUA4-WGROS (FN,DRY) 

r e s u l t s ,  all of the c a l c u l a t e d  s e t t l i n g  rate vs time d a t a  

fo l low t h e  t rend  of t he  measured s e t t l i n g  rates. The REMOVAL 

r e s u l t s  d i f f e r  because of t h e  a e r o s o l  input -s ize  error; the  

NAUA4-KYGROS (FN,DRY) results probably d i f f e r ,  at la te  t i m e s ,  

because t h i s  c a l c u l a t i o n  d id  not inc lude  water uptake onto the  

CsOH and MnO aerosols .  Note a l s o  t h a t  t he  NAUA4-WGROS ( E P R I )  

and SWNAUA-HYGRO (US) resu l t s  fol low the  measured settling data 

more c l o s e l y  than do t h e  NAUA4-HYGROS (FN,WET) r e s u l t s .  

3. Comparison of t h e  NAUA4-ElYGROS (FN,DRY) and NAUA4-HYGROS 

(FN,WET) s e t t l i n g - r a t e  r e s u l t s  i l l u s t r a t e s  t h e  in f luence  of 

modeling water condensation (by t h e  hygroscopic e f f e c t )  onto 

t h e  a e r o s o l s  on t h e  c a l c u l a t e d  s e t t l i n g .  Shor t ly  a f t e r  t he  end 

of  t he  ae roso l  source a t  3,000 s -when the  h ighes t  ves se l  

a e r o s o l  concent ra t ions  occur - t h e  f i g u r e s  show t h a t  t he  "WET" 

c a l c u l a t i o n  s e t t l i n g  rates are higher  than the  "DRY" values  by 

about an o rde r  of magnitude. Note also t h a t  a f t e r  about 6,000 s 

t h e  ca l cu la t ed  "WET" s e t t l i n g  r a t e s  become less than those  

f o r  t he  "DRY" ca l cu la t ion .  We bel ieve  t h i s  is due t o  early 
d e p l e t i o n  of t h e  l a r g e r  ae roso l s  i n  the  "WET" ca lcu la t ion .  

The f i g u r e s  show t h a t  t he  code-data C s O H  s e t t l i n g - r a t e  

comparisons were b e t t e r  than t h e  MnO s e t t l i n g - r a t e  comparisons. 

4 .  

This  may have r e s u l t e d  from, as i l l u s t r a t e d  above and based on 
comparisons t o  mass-balance da t a ,  a g r e a t e r  unce r t a in ty  i n  the 

MnO s e t t l i n g - r a t e  measured r e s u l t s  as compared t o  t h e  CsOH 

s et t l ing- r  a t  e data .  

Comparisons of ca l cu la t ed  cumulative p l a t ed  mass vs t i m e  are 

contained i n  Figs.  19 t o  24 f o r  CsOB, MnO, and the  t o t a l  aerosol. 
As for t he  s e t t l i n g  d a t a ,  measurements of p l a t e d  mass were not made and 

r e s u l t s  from MCT-2 (NYPA) c a l c u l a t i o n s  are not included i n  the  p lo t s .  

Our comments on the r e s u l t s  w i l l  be addressed only t o  t h e  total p la t ed  

mass f i g u r e s  (Figs. 23 and 24): 
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1. We see f i r s t  t h a t  t h e r e  are two groups of ca l cu la t ed  p l a t e d  

mass results: (1) lower values ca l cu la t ed  by RENOVAL/2G ( J N )  

and NAUA4-WGROS (FN,WET), and (2 )  higher  values  ca l cu la t ed  by 

t h e  o t h e r  codes. The ReMOVAL/2G (JN) and NAUA4-HYGROS (FN,WET) 

c a l c u l a t i o n s  p red ic t ed  lower amounts of p l a t i n g  because these  

c a l c u l a t i o n s  p red ic t ed  t h e  h ighes t  amounts of s e t t l e d  mass ( s e e  

Figs.  14 and 15); t h e r e f o r e ,  less a e r o s o l  mass w a s  a v a i l a b l e  

€ o r  plateout .  

2. It is i n t e r e s t i n g  t o  no te  t h a t  t h e  shapes of t h e  CONTAIN (ORNL) 

and NAUA4-HYGROS (FN,DRY) p l a t e o u t  vs t i m e  curves were s imilar  

t o  each o t h e r ,  and t h a t  t h e  same can be s a i d  for t h e  NAUA4- 

HYGBOS ( E P R I )  and SWNAUA-HYGRO (US) p l a t e o u t  vs t i m e  curves. 

T h i s  seems t o  us t o  again i l l u s t r a t e  t h e  in f luence  of depos i t i on  

by s e t t l i n g  on depos i t i on  by p l a t eou t .  The NAUA4-HYGROS ( E P R I )  

and SWNAUA-'HYGRO ( U S )  codes p red ic t ed  higher  s e t t l i n g  during the  

pe r iod  s h o r t l y  a f t e r  3,000 s ( s e e  Figs. 14 and 15) than d i d  the  

CONTAIN ( O W )  and NAUA4-HYGROS (FN,DRY) c a l c u l a t i o n s .  There- 

f o r e ,  t h e r e  w a s  more a e r o s o l  mass a v a i l a b l e  f o r  p l a t eou t  a t  l a t e  

t i m e s  i n  t h e  CONTAIN ( O W )  and NAUA4-HYGROS (FN,DRY) c a l c u l a t i o n s .  

Th i s  is  why these  c a l c u l a t i o n s  p red ic t ed  a gradual  i nc rease  i n  

p l a t e d  mass a f t e r  3,000 s t h a t  peaked a t  values higher  than pre- 

d i c t e d  by the  NAUA4-HYGROS ( E P R I )  and SWNAUA-HYGRO (US) calcula-  

t i ons .  These r e s u l t s  i l l u s t r a t e  t h a t  i t  is d i f f i c u l t  eo c o r r e c t l y  

c a l c u l a t e  a e r o s o l  s e t t l i n g  i f  YOU do not c o r r e c t l y  c a l c u l a t e  

a e r o s o l  p l a t e o u t ,  and v i c e  versa. 

Comparisons of ca l cu la t ed  and "measured" ( a s  discussed i n  Sect.  4 )  

cumulative a e r o s o l  r e t e n t i o n  vs t i m e  f o r  tes t  LA6 are shown i n  F igs .  25 t o  

30. Note t h a t  i n  these  p l o t s  t he  d a t a  from t h e  MCT-2 (NYPA) calcula-  

t i o n s  are included. Looking a t  the a e r o s o l  r e t e n t i o n  d a t a  i s ,  a c t u a l l y ,  

simply another way of looking a t  the  a e r o s o l  concentrat ion vs t i m e  data .  

I t  should be no s u r p r i s e ,  then, t h a t  (1)  t h e  NAUA4-HYGROS ( E P R I )  and 

SWNAUA-HYGRO (US) c a l c u l a t i o n s  produced t h e  best  comparisons t o  t he  
est imated measurements of CsOH, MnO, and t o t a l  aerosol r e t e n t i o n ,  ( 2 )  t he  

REMOVAL/2G (JN) c a l c u l a t i o n  p red ic t ed  higher  amounts of r e t e n t i o n  p r i o r  t o  
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3,000 s, and (3) t he  NAUA4-HYGROS (FN,WET) c a l c u l a t i o n  p red ic t ed  greater 

r e t e n t i o n  s h o r t l y  after 3,000 s than d id  t h e  o t h e r  NAUA ca l cu la t ions .  

The MCT-2 (NyfA)  r e t e n t i o n  vs time curve w a s  s i m i l a r  t o  t h a t  p red ic t ed  

by t h e  CONTAIN (ORNL) c a l c u l a t i o n ,  and t h e  r e t e n t i o n s  p red ic t ed  by these 

two c a l c u l a t i o n s  were lower than those p red ic t ed  by t h e  o t h e r  codes f o r  

t i m e s  greater than 3,000 s. 

Measured and p red ic t ed  a e r o s o l  s i z e - d i s t r i b u t i o n  d a t a ,  i n  terms of 

t h e  AMMD and GSD, vs time are displayed i n  Figs. 31 t o  35 and i n  Table 9. 
I t  should be noted t h a t  t h e  a e r o s o l  s i z e - d i s t r i b u t i o n  test d a t a  obtained 

from HEDL were analyzed us ing  t h e  methods discussed i n  Sect.  2 t o  obtain 

t h e  d a t a  presented i n  t h e  f i g u r e s  and t h e  t ab le .  The computer-code d a t a  

were a l s o  analyzed i n  t h i s  manner. 

r e l a t e d  t o  the  s i z e - d i s t r i b u t i o n  d a t a  and comparisons: 

The following comments can be made 

1. We f i r s t  note  t h a t  all of t h e  code c a l c u l a t i o n s  overpredicted 

t h e  AMMD value measured i n  t h e  vessel at 465 s (Table 9). We 
b e l i e v e  chis was because of t h e  way t h e  a e r o s o l  source was 

def ined  f o r  t h e  LA6 p o s t t e s t  c a l c u l a t i o n s .  The "source" AMMD 
va lues  f o r  t h e  LA6 c a l c u l a t i o n s  were based on measurements 

made i n  t h e  a e r o s o l  i n l e t  pipe t o  t h e  CSTF vesse l ;  t he  d a t a  

from those measurements are presented i n  Table 3. Note t h a t  

t h e  source AMMD va lues  are i n  t h e  range of 2.5 urn, greater than 

t h e  value of 1.85 urn measured i n  t h e  CSTF v e s s e l  a t  465 s. 

2. Although t h e  CONTAIN (ORNL) ,  MCT-2 (NYPA), and NAUA4-HYGROS 

(FN,DRY) c a l c u l a t i o n s  d id  not "seem" t o  p red ic t  the a e r o s o l  

concen t r a t ion  d a t a  as w e l l  as t h e  NAUA c a l c u l a t i o n s  t h a t  

included the  hygroscopic e f f e c t ,  t hese  c a l c u l a t i o n s  did the  

b e s t  o v e r a l l  j o b  of p r e d i c t i n g  t h e  AMMD v a r i a t i o n s  with t i m e .  

This is a s u r p r i s i n g  and very important result from the  LA6 

code comparisons, and it deserves f u r t h e r  e laborat ion.  

We f i r s t  see, from Figs .  31 and 33, t h a t  t h e  CONTAIN (ORNL), 

MCT-2 (NYPA), and NAUA4-WGROS (FM,DRY) c a l c u l a t i o n s  p red ic t ed  

t h e  shape of t h e  AMMD vs time curve reasonably w e l l  up t o  a 
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t i m e  of about 10,000 s; a f t e r  t h a t  t i m e  t hese  codes did not 

p r e d i c t  t he  rapid decrease in measured AMMD. If one simply 

t a k e s  t h e  NAUA4-HYGROS (FN , WET) , NAUA-HYGROS ( EPRI and 

SWNAUA-HYGRO (US) r e s u l t s  in Fig. 33 a t  face value,  then 

t h e s e  codes could be s a i d  to overp red ic t  t h e  measured AblMD 

va lues  f o r  times g r e a t e r  than 3,000 s by a s  much as a f a c t o r  

of 2 .  This s i t u a t i o n  by i t s e l f  would suggest t h a t  t hese  

c a l c u l a t i o n s  would be ove rp red ic t ing  t h e  test a e r o s o l  s e t t l i n g  

rates by about a f a c t o r  of 4 f o r  times g r e a t e r  than 3,000 s. 

W e  a lso  see t h a t  t h e  NAUA4-HYGROS (EPRI) code did t h e  bes t  

j o b  of t h e  NAUA-hygroscopic c a l c u l a t i o n s  in p r e d i c t i n g  the  

measured AMMD r e s u l t s .  

However, w e  can d i s c e r n  by looking c l o s e r  a t  t h e  r e s u l t s  pre- 

s en ted  i n  Fig. 33 t h a t  t h e  NAUA4-HYGROS (FN,WET) and SWNAUA- 

HYGRO (US) AMMD r e s u l t s  have "peaks" and "val leys"  i n  them 

and, although the  peaks are t y p i c a l l y  higher  than measured 

va lues ,  t h e  lower values  sometimes come c l o s e  t o  t h e  measured 

AMMD values.  I n  add i t ion ,  no t e s t  measurements of AMMD were 

measured from 500 t o  2,000 s and a l s o  between 3,000 and 7,500 

s ,  the  t i m e  period where changes i n  AMMD values  p red ic t ed  by 

t h e  NAUA-hygroscopic c a l c u l a t i o n s  were most pronounced. 

Therefore,  our conclusion a t  t h i s  t i m e  i s  t h a t  t he re  were not 

s u f f i c i e n t  measurements of AMMD made i n  t e s t  LA6 t o  p e r m i t  

s t rong  s ta tements  t o  be made on the  v a l i d i t y  of t he  AMID pre- 

d i c t i o n s .  

3 .  The d a t a  in Fig. 33 aga in  i l l u s t r a t e  t h e  important d i f f e r e n c e s  

in t he  NAUA4-HYGROS (FN,WET) and NAUA4-HYGROS (FN,DRY) calcu- 

l a t i o n s .  There were major d i f f e rences  i n  p red ic t ed  AMMD values  

f o r  t i m e s  less than 1,000 s and p a r t i c u l a r l y  f o r  times between 

3,000 and 10,000 s. 

4 .  Figure 32 i l l u s t r a t e s  the REMOVAL/2G (JN) AMMD d a t a  and the 

in f luence  of t h e  e r r o r  in aerosol s i z e  used as input  f o r  the 
c a l c u l a  t ion. 
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5. The GSD d a t a  i n  Figs,  34 and 35 suggest t h a t  t h e  CONTAIN (ORNL), 

MCT-2 (NYPA), and NAUA4-HYGROS (FN,DRY) c a l c u l a t i o n s  d id  t h e  
best o v e r a l l  j o b  of p r e d i c t i n g  t h e  measured GSD data, and t h a t  

t h e  SWNAUA-HYGRO (US) c a l c u l a t i o n  d i d  t h e  best j o b  of t h e  

NAUA-hygroscopic c a l c u l a t i o n s  in p r e d i c t i n g  t h e  GSD r e s u l t s .  
I n  p a r t i c u l a r ,  t h e  NAUA4-KYGROS (FN,WET) and SWNAUA-HYGRO (US) 

c a l c u l a t i o n s  d i d  not  p r e d i c t  t h e  t r ends  i n  the measured GSD 

da t a .  As f o r  t h e  AMMD comparisons, however, measurements of GSD 

i n  t h e  t i m e  ranges of S O 0  t o  2,000 s and 3,000 t o  7,500 s would 

have inc reased  t h e  usefulness of the  t e s t  da ta ,  

Measured (based on cascade impactor d a t a )  and c81culated aerosol- 

s i z e - d i s t r i b u t i o n  da ta ,  p l o t t e d  in terms of "normalized" a e r o s o l  mass 
f r a c t i o n  in a s i z e  class (see Sect.  3 )  as a func t ion  of t h e  average A ! !  

of  t h a t  s i z e  class, are given in Figs, 36 t o  4 4 .  In t hese  p l o t s ,  we are  

not as much i n t e r e s t e d  i n  how t h e  c a l c u l a t e d  d a t a  compare t o  the measured 

r e s u l t s  as we are interested i n  how t h e  measured and ca l cu la t ed  size 

d i s t r i b u t i o n s  varied wi th  t i m e .  With t h a t  as a background, we w i l l  

d i s c u s s  t h e  r e s u l t s  presented i n  each of t h e  p lo t s :  

1. Test d a t a  based on impactor measurements are shown in Figs. 36 

and 37; Fig. 36 has t h e  same scale as t h e  p l o t s  of t h e  calcu- 

l a t e d  d a t a ,  while Fig. 37 i s  an expanded v e r t i c a l - s c a l e  p l o t  

of  t h e  d a t a  i n  Fig. 36. The d a t a  i l l u s t r a t e  t h a t ,  based on t h e  

peak values  of t h e  s i z e  d i s t r i b u t i o n ,  t h e  s i z e  d i s t r i b u t i o n  

s h i f t s  from a smaller s i z e  a t  e a r l y  times ( 4 6 5  and 2,601 s) ,  t o  

a l a r g e r  size after t h e  source period (7,560, 11,160 and 12,930 s ) ,  

and f i n a l l y  back t o  a smaller s i z e  a t  l a t e  t i m e s  (17,400 s ) .  

2. The CONTAIN ( O W )  s i z e - d i s t r i b u t i o n  d a t a  are shown i n  Fig. 38. 
T h i s  data a l s o  i l l u s t r a t e  an increase i n  t h e  s i ze  d i s t r i b u t i o n  

a f t e r  t h e  source period. However, t h e  d a t a  a l s o  show t h a t  

t h e r e  i s  l i t t l e  change i n  t h e  c a l c u l a t e d  d i s t r i b u t i o n  a f t e r  

7,620 s. Also, no te  t h a t  t h e  ca l cu la t ed  CONTAIN (OWL) s i z e  
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after the source period ends. 

3.  The REMOVAL/ZG (JN) size-distribution data are shown in Fig. 39.  
These results illustrate a decrease in airborne size after the 

source period (resulting from the source input size error), and 

also shows, as for the CONTAIN results, that the calculated 

size distribution narrows after the source period. 

4 .  The MCT-2 (NYPA) size-distribution results, as illustrated in 

F i g .  40, and the NAUA4-HYGROS (FN,DRY) results (in Fig. 4 1 )  are 
very similar t o  the results from the CONTAIN (ORNL) calcula- 

t ions. 

5 .  We start to see significant differences in calculated size 

distributions when we look at the NAUA4-HYGROS (FN,WET) results 

illustrated in Fig. 42 .  The most obvious thing to note is the 

distribution curve for t = 470 s. This curve (for which the data 

were obtained directly from the code output) suggests that there 

is some problem associated with the calculation of size distri- 

butions in NAUA-HYGROS (perhaps associated with the interaction 

of condensed water and the aerosol). The other interesting 

aspect of the results in Fig. 42 is that at all times the size 

distribution is quite broad, as compared to the size distribu- 

tions calculated by the codes that did not include water conden- 

sation onto aerosols. These results indicate that the previously 

discovered problem of "numerical deagglomeration" of aerosols in 

steam-condensation conditions5 may be significant in these calcu- 

lations. 

6. The data from the NAUA4-HYGROS (EPRL) calculation (in Fig. 4 3 )  

show some of the same characteristics discussed for the NAUA4- 
HYGROS (FN,WET) calculation. In particular, the calculated 

distribution at 480 s is not the type of smooth curve expected 

for a calculated size distribution. However, except f o r  the 

480 s curve, the other distribution curves resemble those calcu- 
lated by the codes that did not include water condensation onto 
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a e r o s o l s ,  with the  except ion t h a t  t h e r e  is not a clear narrowing 

of t h e  s i z e  d i s t r i b u t i o n s  c a l c u l a t e d  f o r  times after the  a e r o s o l  

source period. 

7. F i n a l l y ,  the data from t h e  SWNAUA-HYGRO (US) c a l c u l a t i o n s  are 

contained i n  Fig. 44. A s  f o r  the NAUA4-HYGROS (EPRI) calcula-  

t i o n ,  t h e  d i s t r i b u t i o n  curve a t  480 s w a s  not smooth, but  t h e  

curves f o r  later times were. The SWNAUA-HYGRO (US) r e s u l t s ,  

however, i l l u s t r a t e  [ s i m i l a r  to t h e  NAUA4-HYGROS (FN,WET) 

results] broad s i z e  d i s t r i b u t i o n s  a t  a l l  t i m e s ,  again suggest ing 

t h e  influence of numerical deagglomeration on t h e  ca l cu la t ed  

r e s u l t s  . 
Figures  45 through 48 give c a l c u l a t e d  aerosol-s ize  b in  d e n s i t i e s  

v s  average b in  diameter f o r  t h e  t h r e e  NAUA-hygroscopic c a l c u l a t i o n s  and 

f o r  t h e  REMOVAL/2G (JN) ca l cu la t ion .  It should be remembered t h a t  t h e  

e f f e c t i v e  s o l i d  (CsOH4MnO) a e r o s o l  d e n s i t y  w a s  somewhere i n  t h e  range of 

4.6  g/cm3. 

Fig. 45, t h a t  a e r o s o l  b in  d e n s i t i e s  throughout t he  bin-size range va r i ed  

from 1 t o  2 g/cm3. This  means t h a t  s i g n i f i c a n t  water condensation (by t h e  

hygroscopic e f f e c t )  occurred in a l l  ae roso l  s i z e s  modeled in t h i s  calcula- 

t i o n .  It i s  also i n t e r e s t i n g  t o  no te  t h a t ,  for t h e  NAUA-HYGROS (EPRI) 

c a l c u l a t i o n ,  t h e  c a l c u l a t e d  b i n  d e n s i t i e s  a t  2,580 s were g r e a t e r  than 

t h e  d e n s i t i e s  ca l cu la t ed  a t  480 s and f o r  t > 7,620 s;  t h i s  means t h a t  a t  

2,580 s t h e  mass f r a c t i o n  of water on t h e  a e r o s o l  particles w a s  less than 

a t  t h e  o t h e r  t i m e s  f o r  which d a t a  are shown. 

W e  no te  f i r s t ,  f o r  t h e  NAUA4-HYGROS (EPRI) r e s u l t s  shown in 

However, t h e  NAUA4-HYGROS (FN,WET) d a t a  i n  Fig. 46 show t h a t  i n  t h i s  

c a l c u l a t i o n  t h e r e  w a s  a sharp t r a n s i t i o n  between bins  where the re  was no 
water on t h e  ae roso l s  and bins where water w a s  condensed on t h e  aerosols .  

For t i m e s  before  3,000 s,  water uptake on t h e  s o l i d  ae roso l s  w a s  predicted 
f o r  s i z e s  g r e a t e r  than about 1 urn; f o r  t i m e s  g r e a t e r  than 7 , 2 6 1  s ,  however, 

water uptake on aerosols w a s  p red ic t ed  f o r  sizes g r e a t e r  than about 0.2 urn. 

The SWNAUA-HYGRO (US) r e s u l t s  i n  Fig. 47 show c h a r a c t e r i s t i c s  of t h e  

EPRI- and FN-NAUA-hygroscopic ca l cu la t ions .  For times before  3,000 s ,  w e  



80 

see a t r a n s i t i o n  between ae roso l  s i z e s  with no water uptake and s i z e s  

w i t h  s i g n i f i c a n t  water uptake. 

t h e r e  is s i g n i f i c a n t  water condensation over t he  whole size range; t he  

only dev ia t ion  from t h i s  behavior w a s  f o r  17,400 s,  where water uptake 

w a s  not predicted f o r  s i z e s  less than about 0.02 !im. 

as f o r  t h e  NAUA4-HYGROS (EPRI)  c a l c u l a t i o n ,  over most of t h e  s i z e  range 

shown, t h e  c a l c u l a t e d  b i n  d e n s i t i e s  a t  2,580 s were greater than t h e  den- 

s i t i e s  ca l cu la t ed  a t  480 s and f o r  t > 7,620 s. 

For times greater than 7,620 s, however, 

We a l s o  no te  t h a t ,  

The behavior i l l u s t r a t e d  i n  Fig. 48 f o r  t h e  REMOVAL/ZG (JN) calcula-  

t i o n  d i f f e r s  from t h a t  i n  t h e  o t h e r  p l o t s  because d e n s i t y  v a r i a t i o n s  i n  

t h e  REMOVAL c a l c u l a t i o n  are only due t o  v a r i a t i o n s  in CsOH and MnO mass 
r a t i o s  in t h e  s i z e  bins.  The REMOVAL c a l c u l a t i o n s  o v e r a l l  p red ic t ed  t h a t  

l a r g e r  s i z e  bins  were r i c h e r  i n  MnO ae roso l  than i n  CsOH. 

For t he  LA6 p o s t t e s t  c a l c u l a t i o n s ,  code input-output l i s t i n g s  and 

le t te rs  s e n t  t o  us by t h e  code a n a l y s t s  were evaluated t o  provide addi- 

t i o n a l  information on how t h e  var ious c a l c u l a t i o n s  were performed. 

Below, w e  d i scuss  important information obtained by eva lua t ing  the  code 

input-output l i s t i n g s .  

CONTAIN (ORNL) 

There were two important c h a r a c t e r i s t i c s  of the CONTAIX c a l c u l a t i o n  

t h a t  had an in f luence  on the r e s u l t s .  One relates t o  how t h e  aerosol-  

sou rce  s i z e  values  for t h e  CsOH and MnO a e r o s o l  components were de t e r -  

mined. The code a n a l y s t  took t h e  source AMMD va lues  suppl ied by HEDL. 

The CsOH mass-median diameter (W) used for code inpu t  w a s  determined 

by d iv id ing  t h e  CsOH AMMD by the square roo t  of t he  CsOH dens i ty ;  t h e  

MnO MMD, however, w a s  ca l cu la t ed  i n c o r r e c t l y  by d iv id ing  by the square 

r o o t  of t he  ae roso l  mixture d e n s i t y  ( r a t h e r  than the MnO dens i ty ) .  I n  
a d d i t i o n ,  however, the code uses  the  ae roso l  mixture d e n s i t y  as the den- 

s i t y  of both the  CsOH and MnO aerosols .  I t  is not clear t o  u s  how t o  

c o r r e c t l y  input  the d i f f e r i n g  CsOH and MnO ae roso l  s i z e  d i s t r i b u t i o n s  

i n t o  CONTAIN when the  code does not permit t h e  dens i ty  of each species 

t o  vary. 
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The CONTAIN ( O m )  c a l c u l a t i o n  a lso  d i f f e r e d  from most o t h e r s  

performed f o r  LA6 i n  t h a t  the w a l l  steam condensation rates were calcu- 

lated i n t e r n a l l y .  

t han  t h e  condensation rates p resc r ibed  i n  t h e  LA6 guidance let ter (see 
Table  4). We would expect,  then, t h a t  CONTAIN (ORNL) would c a l c u l a t e  

h i g h e r  p l a t e d  mass than codes t h a t  used t h e  guidance-let ter  steam con- 

densa t ion  rates as i npu t  ( t h i s  higher  value d id  occur).  

The rates t h a t  were c a l c u l a t e d  were roughly 50% h ighe r  

In e v a l u a t i n g  the REMOVAL c a l c u l a t i o n s ,  we determined t h a t  t h e  code 

r e q u i r e s  MMD va lues  as source-size input ;  but i n s t e a d ,  t h i s  c a l c u l a t i o n  

d i r e c t l y  used t h e  AMMD values  suppl ied by HEDL. The code a n a l y s t s  a l s o  

i n c o r r e c t l y  ca l cu la t ed  t h e  AMMD va lues  from t h e  code output MMD values;  

they divided,  r a t h e r  than mul t ip l i ed ,  t he  W by the square root  of the 

a e r o s o l  densi ty .  I n  terms of the  ca l cu la t ed  d i f f u s i o p h o r e t i c  depos i t i on ,  

t h e  c a l c u l a t i o n s  used t h e  steam Condensation rate data suppl ied i n  the  

LA6 guidance le t ter .  

The REMOVAL code a n a l y s t  asked i f  he could submit a revised set of 

c a l c u l a t i o n s  wi th  co r rec t ed  AMMD source values. A summary of these 

r e v i s e d  r e s u l t s  and a b r i e f  comparison of t h e  revised r e s u l t s  with t h e  

r e s u l t s  based on i n c o r r e c t  AMMO values  is contained i n  Appendix A .  

The MCT-2 c a l c u l a t i o n s  used t h e  steam f r a c t i o n s  and steam conden- 

s a t i o n  rates from t h e  LA6 guidance l e t te r  as input.  Although we d id  not 

have d i r e c t  information on t h e  breakdown between s e t t l i n g  and d i f -  

f u s i o p h o r e s i s ,  t h e  code a n a l y s t  d id  supply us with values  of t h e  deposi- 

t i o n  v e l o c i t i e s  f o r  s e t t l i n g  and d i f f u s i o p h o r e s i s  vs time. From these 

d a t a ,  we found t h a t  the s e t t l i n g  depos i t i on  v e l o c i t y  never exceeded 

t h e  d i f f u s i o p h o r e t i c  depos i t i on  v e l o c i t y  by more than 50%, and t h a t  the 

time-averaged r a t i o  of the settling-to-diffusiophoresis depos i t i on  veloc- 

i t y ,  f o r  times up t o  25,200 s ,  w a s  1 . 2 .  However, t he  r a t i o  of the 

p l a t e o u t - t o - s e t t l i n g  s u r f a c e  area used i n  the  MCT-2 c a l c u l a t i o n  was 8.8. 
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This i n d i c a t e s  t h a t  d i f f u s i o p h o r e t i c  p l a t e o u t  w a s  f a r  more important than 

s e t t l i n g  in t h e  MCT-2 c a l c u l a t i o n  (by a t  least a f a c t o r  of 4 ) ;  t h i s  situa- 

t i o n  w a s  not t h e  case for t h e  o t h e r  LA6 c a l c u l a t i o n s  t h a t  were performed. 

UtJA4-EIYGROS (FN.WET) 

This  c a l c u l a t i o n  used t h e  steam condensation rates from t h e  LA6 

guidance let ter as input.  However, t o  g e t  estimates of water conden- 

s a t i o n  onto t h e  ae roso l s  using t h e  hygroscopic model, t h e  code did t h e  

following: (1) t h e  t o t a l  rate of change of a i rbo rne  steam i n  the  v e s s e l  

w a s  ca l cu la t ed  based on t h e  HZDL-measured steam volume f r a c t i o n s ,  (2 )  t h i s  

r a t e  of change of a i rbo rne  steam w a s  used as input t o  the  NAUA4-HYGROS 

code, and t h e  code i n t e r n a l l y  c a l c u l a t e d  t h e  d i s t r i b u t i o n  of steam be- 

tween ae roso l s  and the  gas atmosphere using the  Mason equat ion (modified 

f o r  t h e  hygroscopic e f f e c t ) ,  ( 3 )  t h i s  c a l c u l a t i o n  w a s  s t a r t e d  a t  t = 0 

us ing  an input  steam-atmosphere s a t u r a t i o n  r a t i o  of 1.02684; t h e  code 

i n t e r n a l l y  ca l cu la t ed  s a t u r a t i o n  r a t i o s  f o r  a l l  times g r e a t e r  than zero. 

Table 10 p resen t s  a summary of t he  atmosphere steam-saturation r a t i o s  

c a l c u l a t e d  by NAUA4-HYGROS (FN,WET) f o r  LA6 conditions.  Note t h a t  these 

va lues  are less than s a t u r a t i o n ,  i n  c o n t r a s t  t o  t he  assumption of s a tu ra -  

t i o n  t h a t  w e  made i n  developing t h e  wall steam-condensation d a t a  given i n  

t h e  LA6 guidance le t ter .  The code ana lys t  noted i n  his l e t t e r  desc r ib ing  

t h e  LA6 p o s t t e s t  c a l c u l a t i o n s  t h a t :  'I... c a l c u l a t i o n s  c a r r i e d  ou t  by 

NAUA4-HYGROS are very s e n s i t i v e  t o  the  accuracy of t he  measured steam 

volume f r ac t ions . "  We w i l l  r e f e r  t o  Table 10 again when w e  d i scuss  the 

SWNAUA-HYGRO (US) r e s u l t s .  
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Table 10. Atmospheric steam-saturation ratios calculated 
by the NAUA4-HYGICOS (FN,WET) code for LA6 conditions 

T i m e  
( 5 )  

Calculated steam 
saturation ratio 

0 
180 
470 

1,080 
1,370 
1,951 
2,341 
2,615 
2,870 
3,000 
3,165 
4,930 
7,075 
9,033 

10,621 
13,250 
14,101 
15,870 
17 ,521  
23,058 
25,200 

1.0268 
0.9973 
0.9839 
0.9512 
0.9399 
0.9216 
0.9342 
0.9417 
0.9481 
0,9513 
0,9637 
0.9936 
0.9974 
0.9996 
0.9980 
0.9933 
0.9961 
0.9999 
0.9863 
0.9945 
0.9581 

We have no overall comments to make associated with the NAUA4-HYGROS 

(FN,DRY) calculations, other than to mention that: they also used the steam 

condensation rates from the LA6 guidance letter as input. 

The FN and EPRI versions of NAUA used In this study are both called 

NAUA-HYGROS, and the two code analysts initially worked together to 

develop this code, but there are important differences in the two codes. 

In the NAUA4-HYGROS (EPRI)  version, both the atmosphere steam saturation 
ratios and the wall steam condensation rates are internally calculated by 

t h e  code. The code analyst noted that the internally calculated wall 

condensation rates agree well with the LA6 guidance-letter values, except 
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f o r  t h e  l a r g e  sp ike  i n  w a l l  condensation c a l c u l a t e d  between 50 and 60 min 

(Table 4 ) .  The a n a l y s t  be l i eves  t h a t  t h i s  sp ike  is  due t o  t h e  assumption 

in t h e  guidance let ter t h a t  t h e  steam is s a t u r a t e d ;  the NAUA4-HYGROS 

(EPRI)  c a l c u l a t i o n ,  as d i d  t h e  NAUA4-HYGROS (FN,WET) c a l c u l a t i o n ,  d id  not 

p r e d i c t  t h a t  steam s a t u r a t i o n  cond i t ions  would occur. 

SWNAUA-HYGRO (US) 

This ve r s ion  of NAUA d i f f e r s  from t he  o t h e r s  used i n  t h i s  study i n  

t h a t  i t  can c a l c u l a t e  multicomponent a e r o s o l  behavior. It a l s o  d i f f e r s  

from t h e  NAUA4-EIYGROS ve r s ion  c a l c u l a t i o n s  i n  t h a t  v e s s e l  atmosphere 

steam s a t u r a t i o n  ratios, f o r  u se  i n  c a l c u l a t i n g  water condensation onto 

t h e  ae roso l s ,  were input  parameters r a t h e r  than being ca l cu la t ed  i n t e r -  

n a l l y  by the  code. Table 11 d e t a i l s  a summary of t h e  atmosphere steam- 

s a t u r a t i o n  r a t i o s  used as input  for t he  SWNAUA-HYGRO c a l c u l a t i o n .  

Table 11. Atmospheric steam s a t u r a t i o n  r a t i o s  input  t o  
t h e  SWNAUA-HYGRO (US) code f o r  LA6 condi t ions 

T i m e  
( 5 )  

C ode-inpu t 
steam-saturation 

r a t i o  

0 
1,020 
1,260 
1,980 
2,280 
2,520 
2 ,760  
3,000 
3,120 
6,840 
7,440 
8,640 

11,340 
12,840 
14,640 
14,940 
17,040 
17,340 
23,340 
25 , 440 

0.9545 
0.9926 
0.9920 
0.8694 
0.8824 
0.8565 
0.8800 
0.8737 

0.9902 
0.9989 
0.9910 
0.9823 
0.9584 
0.9990 
0.9999 
0.9990 
0.9983 
0.9945 
0.9570 

0. a804 



a5 

These values  d i f f e r e d  s i g n i f i c a n t l y ,  for the  t i m e  per iod from about 

1,000 s t o  about 6,500 s, from t h e  ones used i n  t h e  NAUA4-HYGRO (FN,WET) 

ca lcu la t ion .  In p a r t i c u l a r ,  over th is  t i m e  per iod t h e  SWWAUA-HYGRO (US) 

s team-sa tura t ion  r a t i o s  were much less than the  NAUA4-HYGROS (FN,WET) 

ones. 

The important in f luence  of d i f f e rences  i n  steam-saturation r a t i o s  on 

water uptake by ae roso l s  i n  t h e  NAUA codes where t h e  hygroscopic model i s  
used is i l l u s t r a t e d  c l e a r l y  i n  Fig. 9. I f  w e  look a t  t h e  NAUA4-HYGROS 

(FN,WET) and SWNAUA-BYGRO (US) a i rbo rne  water concent ra t ion  curves,  and 

compare them t o  the  data presented i n  Tables 10 and 11, we see t h a t  t h e  

t r ends  in condensed water on t h e  ae roso l s  c o r r e l a t e  w e l l  w i t h  t he  

v a r i a t i o n s  i n  the  steam-saturation r a t i o s  used i n  the  ca l cu la t ions .  I n  
a d d i t i o n ,  we note  the  s i g n i f i c a n t  d i f f e rence  i n  a i rborne  water i n  t h e  two 

c a l c u l a t i o n s  between t i m e s  of 3,000 and 6,000 s; t h i s  d i f f e rence  produced 

t h e  h igher  ae roso l  s e t t l i n g  rates (Figs.  16 through 18)  and more rapid 
decrease  i n  ae roso l  concent ra t ion  for t h e  NAUA4-HYGROS (FN,WET) during 

t h i s  time period. 

As has been done i n  p a s t  LACE ae roso l  code-comparison r epor t s ,  we 

be l i eve  t h a t  i t  is  use fu l  t o  provide some q u a n t i t a t i v e  es t imates  of the  

c a l c u l a t e d  e r r o r s  i n  t h e  blind code p red ic t ions  of the  test data.  A 

s i m p l i f i e d  approach, based on t h e  ae roso l  concent ra t ion  da ta  comparisons, 

t o  determining code-calculation e r r o r s  is used in t h i s  repor t .  

test  times - 2 , 9 7 0 ,  6 ,380 ,  10,590,  and 1 7 , 4 8 1  s -comparisons of the  

measured and ca l cu la t ed  ae roso l  concent ra t ion  d a t a  were made. These 

comparisons were based on t h e  r a t i o  of t he  measured t o  t h e  ca l cu la t ed  

ae roso l  concentrat ions.  The ae roso l  concentrat ion a t  a given time i s  a 

measure of t he  amount of aerosol  t h a t  could be re leased  from the t e s t  

v e s s e l  (or from a containment ves se l )  i f  a rapid depressur iza t ion  of t h e  

v e s s e l  occurred a t  t h a t  t i m e .  The t i m e s  were chosen t o  correspond t o  the 

t i m e  of maximum ae roso l  concent ra t ion  i n  the  ves se l  and times roughly 

corresponding t o  1, 2 ,  and 4 h after t h i s  maximum concentrat ion w a s  

achieved. Values of the  " tes t /code"  parameter less than 1 i n d i c a t e  t h a t  

t h e  code overestimated the  a i rbo rne  mass i n  the  ves se l  a t  t h a t  time. 

A t  four  
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Table 1 2  p re sen t s  a compilation of t h e  ca l cu la t ed  t e s t / c o d e  values 

for the  CsOB, MnO, and t o t a l  a e r o s o l  concentrat ion data.  

(JN) r e s u l t s  are i l l u s t r a t e d  but w i l l  not be r e f e r r e d  t o  i n  the  fol lowing 
comments because of t he  code-input e r r o r  i n  t h a t  ca l cu la t ion :  

The REMOVAL/2G 

1. I f  we  look f i r s t  at t h e  r e s u l t s  a t  2,970 s ,  we see t h a t  a l l  of 
t h e  codes did an e x c e l l e n t  j o b  - all e r r o r s  were less than 33% 

( a  value of t e s t / code  = 1.5 corresponds t o  a 33% e r r o r  i n  

p red ic t ed  value)  - of c a l c u l a t i n g  t h e  a i rbo rne  concen t r a t ion  in 

t h e  vessel .  W e  a l s o  no te  t h a t  t h e  -0 a i rbo rne  a e r o s o l  

p r e d i c t i o n s  were c l o s e s t  (compared t o  t h e  CsOH and t o t a l  

va lues )  t o  t h e  measured test d a t a  a t  2,970 s. 

2, The r e s u l t s  a t  6,380 s are i n t e r e s t i n g  because they show t h a t  

a l l  of t he  "hygroscopic" codes underpredicted the  a i rbo rne  

concen t r a t ion  a t  t h i s  t i m e ,  while t h e  non-hygroscopic codes 

overpredicted t h e  a e r o s o l  concentration. However, except f o r  

t h e  NAUA4-HYGROS (FN,WET) r e s u l t s ,  a l l  of the ca l cu la t ed  

concen t r a t ions  were aga in  wi th in  33% of t h e  measured d a t a  a t  

6,380 s. I n  c o n t r a s t  t o  t h e  r e s u l t s  a t  2,970 s, e r r o r s  i n  MnO 

p r e d i c t i o n s  were g r e a t e r  than e r r o r s  in CsOH concentrat ions a t  

6,380 s. 

3, The comparison r e s u l t s  at 10,590 and 1 7 , 4 8 1  s show, as 

d e t a i l e d  i n  t h e  a e r o s o l  concen t r a t ion  p l o t s ,  t h a t  t h e  

c a l c u l a t e d  r e s u l t s  d i f f e r  more from t h e  measured d a t a  wi th  

inc reased  t i m e  a f t e r  t h e  end of t he  a e r o s o l  source period. 

However, f o r  both of t hese  t i m e s  t h e  agreement of the SWNAUA 

HYGRO (US) and NAUA4-WGROS ( E P R I )  c a l c u l a t i o n s  wi th  the 

experimental  d a t a  continued to be good. In  c o n t r a s t ,  the  

NAUA4-HYGROS ( F N  , WET) c a l c u l a t i o n  underestimated the a i rbo rne  

a e r o s o l  concentrat ion a t  these t i m e s  by f a c t o r s  of 30 t o  60. 

4 .  W e  n a t e  f i n a l l y  t h a t  the comparisons of measured and ca l cu la t ed  

a e r o s o l  concentrat ions presented i n  Table 12  provide u s e f u l ,  but 

no t  s u f f i c i e n t  information, t o  judge the v a l i d i t y  of the code 

c a l c u l a t i o n s  f o r  t e s t  LA6. W e  could have been more confident  
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Table 12. Summary of airborne Concentration t e s t / code  values  
a t  four test times, for LA6 b l i n d  p o s t t e s t  ca l cu la t ionsa  

6,380 10,590 17,481 T e s t  t i m e s  ( 5 )  2,970 

CsOH t e s t / c o d e  r e s u l t s :  

CSOH test data ( g / m 3 )  1,686 0.570 0,1283 

Calcula ted  t e s t / code  values:  

CONTAIN ( O W )  1.41 0.689 0.264 
MCT-2 (NYPA) 1.63 1.21 0.646 
REMOVAL/ZG (JN) 3.12 2.94 1.44 
NAUA4-HYGROS (EPRI) 1.27 1.08 0.963 
NAUA4-WGROS (FN,DRY) 1.41 0.743 0.290 
pIAUA4-HYGROS ( FN , WET) 1.44 8.56 27.9 
SWAUA-HYGRO (US 1.44 1.03 1.19 

MnO t e s t / code  r e s u l t s :  

MnO test  d a t a  (g/m3) 2.023 1.143 0.254 

Calcula ted  t e s t / code  values:  

CONTAIN ( O W )  0 , 935 0.731 0.267 
HCT-2 (NYPA) I. 15 1.43 0.751 
REMOVAL/2G (JN) 2.34 4.34 2.28 
NAUA4-HYGROS (EPBI) 0.863 1,22 1.08 
NAtJA4-HYGROS (FN, DRY) 0.957 0.844 0.325 
NAUA4-HYGROS (FN,WET) 0,978 9.70 31.3 
SWNAUA-HYGRO (US) 0.936 1.03 1.06 

T o t a l  t e s t / c o d e  r e s u l t s :  

T o t a l  t e s t  d a t a  (g/m3) 3 709 1.713 0.3823 

Calcula ted  t e s t / code  values: 

CONTAIN ( O W )  1.10 0.716 0 , 266 
MCT-2 (NYPA) 1.33 1.35 0.712 
REFIOVAL/2G (JN) 2.64 3.7s 1.91 
NAUA4-HYGROS (EPRI) 1.01 1.17 1.04 
NAUA4-HYGROS (FN ,DRY ) 1.12 0,808 0.312 
NAUA4-HYGROS (FN,WET) 1,lS 9.29 30-1 
SWNAUA-HYGRO (US) 1,l.l 1.03 1.10 

0.0132 

0.065 
0.224 
0.372 
0.395 
0.071 

1.31 
38.6 

0.0374 

0.091 
0.373 
0.916 
0.631 
0.113 

61.9 
1.54 

0.0506 

0.082 
0.318 
0.663 
0.546 
0,098 

53.5 
1.47 

a"Test/code" values  are def ined  as the measured a i rbo rne  aerosol 
concen t r a t ion  a t  a given test t i m e  d iv ided  by the  ca l cu la t ed  a i rbo rne  
a e r o s o l  concent ra t ion  a t  t h a t  time. 
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i n  our judgement of t h e  code c a l c u l a t i o n s ,  i f  experimental  d a t a  

were a v a i l a b l e  on t h e  amounts of s e t t l i n g  and p l a t e o u t  t h a t  

occurred i n  t h e  test. 

5. SUMMARY AND CONCLUSIONS 

A series of b l ind  p o s t t e s t  c a l c u l a t i o n s  were performed t o  model t h e  

a e r o s o l  behavior r e s u l t s  obtained i n  LACE t e s t  LAS. These c a l c u l a t i o n s  
were performed t o  model only t h e  a e r o s o l  production ( O H  and MnO) and 

d e p l e t i o n  periods t h a t  occurred p r i o r  t o  t h e  v e s s e l  d e p r e s s u r i z a t i o n  

phase of test LA6. Seven code c a l c u l a t i o n s  by s i x  code a n a l y s t s  were 

performed t o  p r e d i c t  t h e  r e s u l t s  from the U 6  test. Sec t ion  3 of the 

r e p o r t  compares t h e  measured and c a l c u l a t e d  test r e s u l t s ,  and Sec t ,  4 

g ives  an ex tens ive  d i scuss ion  of t h e  test  r e s u l t s  and t h e  code-comparison 

r e s u l t s .  

It  should be no s u r p r i s e  t h a t ,  as i n  t h e  comparisons of t h e  r e s u l t s  

from tes t  LAZ5 and L A 4 ,  modeling of steam condensation onto t h e  a i rbo rne  

s o l i d  ae roso l s  is t h e  key f a c t o r  i n  modeling the  r e s u l t s  from tes t  LA6.  

A l l  c a l c u l a t i o n s  (excluding t h e  REMOVAL/2G (JN), which had an e r r o r  i n  

t h e  a e r o s o l  source s i z e )  d id  an adequate j o b  of p r e d i c t i n g  t h e  measured 

a e r o s o l  concentrat ion behavior (Figs.  2 t o  7 )  during t h e  aerosol  source 
period. However, only those codes t h a t  could model water condensation 

on to  t h e  a e r o s o l  due t o  t h e  hygroscopic e f f e c t  could p red ic t  t he  a i r b o r n e  

concen t r a t ion  behavior f o r  t i m e s  a f t e r  t h e  end of t h e  a e r o s o l  source 

pe r iod  (3,000 s ) .  The CONTAIN ( O m ) ,  MCT-2 (NYPA) and NAUA4-HYGROS 

(FN,DRY) c a l c u l a t i o n s ,  which d id  not model water condensation onto t h e  

a e r o s o l s ,  overpredicted t h e  a i rbo rne  a e r o s o l  mass f o r  times g r e a t e r  than 

3,000 s, t h e  SWNAUA-HYGRO (US)  and NAUA4-HYGROS ( E P R I )  c a l c u l a t i o n s  

modeled t h e  a e r o s o l  concentrat ion vs t i m e  w e l l  f o r  times g r e a t e r  than 
3,000 s ,  and the  NAUA4-HYGROS (FN,WET) s i g n i f i c a n t l y  underpredicted the 

a i r b o r n e  a e r o s o l  mass f o r  t i m e s  g r e a t e r  than 3,000 s. 

Evaluat ion of t he  r e s u l t s  show t h a t  d i f f e r e n c e s  i n  t h e  NAUA4-HYGROS 

(FN,WET), NAUA4-HYGKOS ( E P R I ) ,  and SWNAUA-HYGBO (US) r e s u l t s  are l a r g e l y ,  

i f  not e n t i r e l y ,  due t o  d i f f e rences  i n  t h e  values of t h e  atmosphere steam- 

s a t u r a t i o n  r a t i o s  used i n  t h e  sepa ra t e  ca l cu la t ions .  A s  i l l u s t r a t e d  i n  
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Fig. 9, f o r  times s h o r t l y  after 3,000 s t h e  NAUA4-HYGROS (FN,WET) calcu- 

l a t i o n  p red ic t ed  s i g n i f i c a n t l y  greater amounts of water condensed onto 

t h e  aerosols .  This  l e d  to  h igher  pred ic ted  a e r o s o l  s e t t l i n g  rates, and 

t h e r e f o r e  t h e  low predic ted  a i rbo rne  concent ra t ions  from t h i s  ca l cu la t ion .  

Comparisons of measured and pred ic t ed  MnO/CsOH a i rbo rne  ae roso l  mass 
r a t i o s  vs t i m e  (Fig. 9) i l l u s t r a t e d  t h a t  (1) a l l  codes pred ic ted  t h i s  

q u a n t i t y  w e l l  up t o  2,310 6 ,  but  (2) none of t he  codes d i d  an adequate 

j o b  of p r e d i c t i n g  t h e  increase i n  measured MnO/CsOEI a i rbo rne  mass r a t i o  

f o r  tintes greater than  3,000 - a l l  codes overpredic ted  the  neasured value 

a t  3,000 s and underpredicted t h e  measured value at 19,000 s. This  

r e s u l t ,  as i n  p a s t  i n v e s t i g a t i o n s , S  i n d i c a t e s  t h a t  none of t he  codes is 
t r u l y  capable  of p r e d i c t i n g  t h e  multicomponent a e r o s o l  behavior observed 

i n  the  LACE tests. 

Comparisons of measured and p red ic t ed  ae roso l  s e t t l i n g  rates were 

shown i n  Figs. 16 t o  18. These i l l u s t r a t e d  t h a t  t h e  NAUA-hygroscopic 

c a l c u l a t i o n s  followed t h e  t rends  of t h e  measured d a t a  reasonably w e l l .  
These p l o t s  a l s o  i l l u s t r a t e d  t h a t  t h e  CsOH s e t t l i n g - r a t e  comparisons were 
b e t t e r  than the  MnO s e t t l i n g - r a t e  comparisons - al though i t  was discussed 

i n  S e c t .  4 t h a t  t h i s  may have been due t o  u n c e r t a i n t i e s  i n  t h e  measured 

s e t t l i n g - r a t e  r e s u l t s .  

Only q u a l i t a t i v e  information could be obtained from p l o t s  of 

cumulative s e t t l e d -  and plated-mass v s  time. However, w e  f e e l  t h a t  i t  is 

important  t o  state aga in  t h a t  t he re  is  a "feedback" e f f e c t  between calcu- 

l a t i o n s  of s e t t l i n g  and p l a t eou t  in t h e  a e r o s o l  codes. I n  p a r t i c u l a r ,  

c a l c u l a t i o n s  overpredic t ing  s e t t l i n g  w i l l  tend t o  underpredict  p l a t e o u t ,  

and v i ce  versa .  It w a s  a l s o  noted i n  Sect .  4 t h a t  the HCT-2 (NYPA) calcu- 

l a t i o n  p red ic t ed  s i g n i f i c a n t l y  more a e r o s o l  p l a t eou t  than aerosol 

s e t t l i n g ;  t h e  o t h e r  code c a l c u l a t i o n s  pred ic ted  t h e  opposi te .  

Comparisons of measured and ca l cu la t ed  ae roso l  s i z e - d i s t r i b u t i o n  

d a t a  - i n  terms of the  AMMD and GSD - were presented i n  Figs. 31 t o  3 5 .  

A l l  of the  s i z e - d i s t r i b u t i o n  r e s u l t s  were obtained by a cons i s t en t  meth- 
odology, as descr ibed  i n  Sect. 2 of t h i s  repor t .  The results presented i n  

t h e s e  p l o t s  are important because they show t h a t  t he  codes t h a t  d i d  t he  
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poorest  j o b  of p r e d i c t i n g  the a i rbo rne  concentrat ion r e s u l t s  "seemed" t o  

do t h e  b e s t  j o b  of p r e d i c t i n g  t h e  measured AMMD and GSD r e s u l t s .  

b e l i e v e ,  however, t h i s  conclusion may be t h e  r e s u l t  of t h e  f a c t  t h a t  a 

s u f f i c i e n t  number of measurements of AMMD and GSD were not made i n  t h e  

t e s t ,  p a r t i c u l a r l y  between t h e  times of 3,000 and 7,500 s. This w a s  t he  

time period during which t h e  in f luence  of steam condensation on t h e  

change in a e r o s o l  s i z e  w a s  most important. 

We 

Measured and c a l c u l a t e d  aerosol-s ize  d i s t r i b u t i o n  da ta ,  p l o t t e d  i n  

terms of "normalized" a e r o s o l  mass f r a c t i o n  i n  a size class ( s e e  Sect.  3 )  
as a func t ion  of t h e  average AMMD of t h a t  s i ze  class, are shown i n  Figs.  

36 t o  44. We be l i eve  t h a t  t h e  r e s u l t s  from t h e  NAUA-hygroscopic calcula-  

t i o n s  (Figs.  42 t o  44) show evidence of numerical solution-technique 

problems a s soc ia t ed  with "numerical deagglomeration" of t he  aerosols .  

In  p a r t i c u l a r ,  t h e  d a t a  curves a t  480 s are i r r e g u l a r ,  which suggests  

numerical  s o l u t i o n  problems. In  add i t ion ,  t h e  s i ze  d i s t r i b u t i o n s  from the  

NAJJA4-HYGROS (FN,WET) and SWNAUA-HYGRO (US) c a l c u l a t i o n s  were very 

"broad" f o r  t h e  du ra t ion  of t h e  modeling of t h e  test, which is  an indi-  

c a t i o n  t h a t  small ae roso l s  were produced by numerical deagglomeration of 

t h e  aerosol .  We know t h a t  t h e r e  are now ve r s ions  of t he  CONTAIN code 

and of t h e  NAUA4-HYGROS code a t  EPRI which e l i m i n a t e  t h e  problem of 

numerical deagglomeration, and w e  suggest t h a t  t h e  LA6 r e s u l t s  be reana- 

lyzed with t h e s e  vers ions and t h e  s i z e  d i s t r i b u t i o n  r e s u l t s  compared w i t h  

those  i n  t h i s  r epor t .  

F i n a l l y ,  Figs. 45 t o  48 con ta in  ca l cu la t ed  aerosol-s ize  b in  d e n s i t i e s  

p l o t t e d  as a func t ion  of average bin diameter f o r  t h e  t h r e e  NAUA- 

hygroscopic c a l c u l a t i o n s  and f o r  t h e  REMOVAL/2G (JN) ca lcu la t ion .  The 

main value of t h e  NAUA bin-density r e s u l t s  i s  t h a t  they show the impor- 

t a n t  i n f luence  of d i f f e rences  i n  ca l cu la t ed  water uptake onto the  aero- 

sols on the  ca l cu la t ed  ae roso l  d e n s i t i e s  i n  t h e  s i z e  bins  used i n  the  

code modeling, 

Table 12  g i v e s  a summary of ca l cu la t ed  r a t i o s  of measured-to- 

c a l c u l a t e d  ae roso l  concentrat ions f o r  four  s e l e c t e d  tes t  t i m e s .  The data  

i n  t h a t  t a b l e  i l l u s t r a t e s  again,  i n  a q u a n t i t a t i v e  way, the ae roso l  con- 

c e n t r a t i o n  comparison r e s u l t s  discussed a t  t h e  beginning of t h i s  s ec t ion .  
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Our major o v e r a l l  conclusions from the  LA6 b l i n d  p o s t t e s t  a e r o s o l  

code-comparison s tudy are: 

1. 

2. 

3.  

4. 

Modeling of the  condensation of steam onto ae roso l s  is t h e  most 

important  f a c t o r  t h a t  de f ines  whether o r  not a code can p r e d i c t  

the behavior of a i rbo rne  a e r o s o l s  i n  a steam environment. 

Code a n a l y s t s  should develop ways t o  e l i m i n a t e  "numerical 

deagglomeration" of ae roso l s  from t h e i r  ca l cu la t ions .  

The "multicomponent" codes should be modified and improved so 

that they can t r u l y  p r e d i c t  t h e  behavior of multicomponent 

ae roso l s .  

Future  la rge-sca le  tests performed €n a steam environment 

should inc lude  more measurements of aerosol -s ize  d i s t r i b u t i o n  

parameters, p a r t i c u l a r l y  a t  times during which s i g n i f i c a n t  

steam condensation can occur i n  t h e  test  vesse l .  
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APPENDIX A: 
SUMMARY OF REVISED REPIOVAL/ZG RESULTS 
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A f t e r  t h e  d r a f t  of t h i s  r epor t  w a s  s e n t  t o  the LACE p a r t i c i p a n t s ,  

t h e  REMOVAL/2G code a n a l y s t  requested t h a t  he be a b l e  t o  revise his 

c a l c u l a t i o n s  - c o r r e c t i n g  only the  AMMD source e r r o r  - so t h a t  t he  

r e v i s e d  r e s u l t s  could be included i n  t h e  LA6 p o s t t e s t  r epor t .  This 

s e c t i o n  b r i e f l y  p re sen t s  selected, r ev i sed  LA6 ReMOVAL/2G r e s u l t s  and 

compares them t o  t h e  r e s u l t s  submitted f o r  t h e  b l i n d  p o s t t e s t  comparison 

exe rc i se .  

Tables A . 1 ,  A . 2 ,  and A.3 summarize a e r o s o l  concentrat ion,  deposi- 

t i o n ,  and a e r o s o l  s i z e  r e s u l t s  from t h e  o r i g i n a l  b l ind  p o s t t e s t  and 

r ev i sed  REMOVAL/2G (JN) ca lcu la t ions .  The major r e s u l t  i l l u s t r a t e d  i n  

t h e  t a b l e s  is t h a t  c o r r e c t i n g  t h e  aerosol-source-size e r r o r ,  as would be 

expected, s i g n i f i c a n t l y  improved the  ca l cu la t ed  REMOVAL r e s u l t s .  This 

improvement occurred because less s e t t l i n g  (2,001 i n s t e a d  of 2,983 g) of 

t h e  ae roso l s  was predicted (Table A . l ) ,  l ead ing  t o  higher  ca l cu la t ed  a i r -  

borne aerosol concentrat ions at  l a te  times. Note a l s o  t h a t  t he  calcu- 

l a t e d  a e r o s o l  concentrat ion " t e s t / code"  values  i n  Table A.3 for t he  

r e v i s e d  REMOVAL/ZG (JN) c a l c u l a t i o n s  are similar t o  those from the 

CONTAIN (ORNL) and NAUA4-HYGROS (FN,DRY) c a l c u l a t i o n s  (Table 12),  which 

also did not p red ic t  water condensation onto the a i rbo rne  aerosols .  
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Table A . l  Comparison of blind pos t te s t  and revised 
REMOVAL/ZG (JN) r e s u l t s  for (1) airborne aerosol  concentration, 

(2 )  t o t a l  s e t t l i n g ,  and (3 )  t o t a l  w a l l  plateout 

CsO?i+MnO airborne aerosol  concentration resu l t s :  

REMoVAt/2G (JN) REMOVAL/ 26 ( JN 1 
blind pos t te s t  rev ised 

(g/m3 (g /m3 1 

180 
6 40 
7 80 

1,080 
1,380 
2,100 
2,340 
3,000 
3,300 
3,600 
3 ,900 
4,800 
6,360 
7 ,260 
9 ,480 

10,620 
12,000 
14,100 
15,900 
17,520 
19,680 

25,200 
22,200 

0.3547 
0.8421 
0.9052 
1 . 0069 
1.0827 
1.4593 
1.5376 
1.4006 
1.2154 
1.0669 
0.9468 
0.6976 
0.4590 
0.3740 
0.2429 
0.1995 
0.1598 
0.1176 
0.0926 
0.0760 
0.0595 
0.0457 
0.0344 

0.3904 
1 . 1207 
1.2695 
1.5526 
1.8003 
2.6790 
2.9104 
3.1457 
3.0424 
2.9301 
2.8217 
2.5375 
2.1264 
1.9183 
1.4888 
1.3034 
1.1084 
0.8701 
0.7117 
0.5988 
0.4797 
0.3740 
0.2836 

CsOH-tMnO t o t a l  s e t t l i n g ,  plateout resu l t s :  

REMOVAL/ 2G (JN) REMOV&/2G (JN) 
blind pos t te s t  revised 

( g )  ( g )  

Total  s e t t l i n g :  

Total plateout: 

2893 

288 

200 1 

958 



96 

Table A.2 Comparison of b l ind  p o s t t e s t  and r ev i sed  
REMOVAL/2G (JN) r e s u l t s  for AMMD and GSD 

CsOHWnO a i rbo rne  AMMD r e s u l t s :  

REMOVAL/ 2G ( JN) 
bl ind pss t tes t 

REMOVAL/26 (JN) 
r ev i sed  

(urn) (urn) 

480 
1,380 
2,580 
3,000 
4,800 
7,620 
9,480 
11,280 
12,960 
15,900 
17,400 
19,680 

25,200 
22,200 

11.91 
10.52 
9.54 
9.25 
7.50 
6.10 
5.80 
5.38 
5.04 
4.81 
4.55 
4.46 
4.26 
4.07 

3.05 
3.12 
3.28 
3.40 
3.88 
4.20 
4.29 
4.33 
4.34 
4.30 
4.26 
4.20 
4.13 
4.04 

CsOH+MnO a i rbo rne  GSD r e s u l t s :  

T i m e  
(SI 

REMOVAL/2G (JN) REMOVAL/2G (JN) 
b l ind  p o s t t e s t  1: e v i  sed 

480 
1,380 
2,580 
3,000 
4,800 
7,620 
9,480 
11,280 

15,900 
17,400 
19,680 
22,200 
25,200 

12,960 

1.88 
1.84 
1.84 
1.82 
1.76 
1.71 
1.68 
1.66 
1.65 
1.63 
1.62 
1.61 
1.60 
1.58 

1.92 
1.89 
1.93 
1.91 
1.85 
1.81 
1.80 
1.78 
1.77 
1.75 
1.74 
1.72 
1.71 
1.69 
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Table A.3 
test  times, for blind posttest and revised REMoVAL/2G (JN) calculations 

Summary of airborne concentration test/code valuesa at four 

2,970 6,380 10,590 17,481 Test times (s) 

Total testlcode results: 

Tota l  test data ( g / m 3 )  3.709 1.713 0.3823 0.0374 

Calculated test/code values: 

REMOVAT.,/2G (JN), 
blind posttest 2.64 3.75 1.91 0.663 

REMOVAL/ZG (JN), revised 1.18 0.807 0.292 0.062 

a'*Test/code" values defined (as in Table 12) as the measured 
airborne aerosol concentration at a given test time divided by the 
calculated airborne aerosol concentration at that time. 
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