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v i i  

AB STBACT 

This report describes work performed as part of the LACE Code- 
Experiment Comparison Project, and was sponsored by the Electric Power 
Research Institute (EPRI Project No. 2135-18). The report presents and 
summarizes comparisons of test results and aerosol computer-code calcula- 
tions for LACE LAl. The LACE tests are being performed at the 
Westinghouse Hanford Engineering Development Laboratory (HEDL) operated 
by the Westinghouse Hanfotd Company for the U.S. Department of Energy 
(US/DoE>. LACE LA1 was done to simulate "containment bypass" accident 
sequence conditions. In the test, measurements were made to characterize 
(1) the aerosol transport through a 0.063-m diameter, 28.9-m length 
steel pipe, and ( 2 )  the aerosol ~ ~ a v i o r  in a 852-d t e s t  vessel. 
Results from one set  of pipe calculations and two sets of vessel calcu- 
lations are given and discussed in the report. 





SuMEiIARY OF POSTTEST AEXOSOL CODE COMPARISONS FOR 
LWR AEROSOL CONTAINMENT EXPERIMENT (LACE) LA1 

A* L. Wright 
Pe C. W o o d  

1 INTRODUCTION 

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

ate being performed to investigate, at large scalep the aerosol retention 

behavior in reactor coolant system piping and in containment under simu- 
lated, severe, LWR accident conditions. An additional, and equally 

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

dating aerosol containment computer codes and related theanal-hydraulic 

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

performed at the Hanford Engineering Development Laboratory (BDL) - 
operated by the Westinghouse Hanford Company - under the leadership of 
an overall project board and the Electric Power Research Institute 

(EPRI) . 
The overall LACE project has two components: (I) the experiments 

being performed at HEDL and (2)  aerosol-transport and thermal-hydraulic 
code-comparison activities. The aerosol-transport code-comparison acti- 

vities are being coordinated at the Oak Ridge National Laboratory, while 

the thermal-hydraulic code-comparison activities are being coordinated at 

Intermountain Technologies, Inc. (ITI) in Idaho Falls, Idaho. For each 

of the six planned LACE tests, pretest and posttest aerosol-transport 

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

ties include (1) providing guidance to participating aerosol code ana- 

lysts to help them in performing calculations, (2) compiling the results 

from the calculations, and (3) critically evaluating the code results and 
comparisons to the test data. 

This report summarizes the results from the posttest calculations 

performed for test LAI. These calculations were "blind" in that the code 

analysts did not have access to the LA1 results when they performed their 

1 
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ca lcu la t ions .  

t o  simulate io "containment bypass" accident sequence. Because of t h i s  

p lan ,  ae roso l  behavior through a pipe and ae roso l  behavior in t he  
Containment Systems T e s t  F a c i l i t y  (CSTF) vessel were i nves t iga t ed ,  

As defined i n  t h e  LAl test p l an , l  t h i s  test  was designed 

The next s e c t i o n  of th is  r e p o r t  relates an o v e r a l l  descripeion of 

LACE LAI. 16 then sruamarizes the  defined Code inputs; and requested code 

outputs f o r  t h e  Llal p o s t t e s t  ca l cu la t ioas .  Three sepa ra t e  types of 

c a l c u l a t i o n s  were performed f o r  LA1: (1) c a l c u l a t i o n s  for aerosol beha- 

v i o r  i n  t h e  test p i p e ,  ( 2 )  t h e  so-called " f i r s t  set" of v e s s e l  calcula- 

t i o n s ,  t o  model a e r o s s l  behavior i s i n  the  CSTF v e s s e l  during and a f t e r  the 
aerosol. genera t ion  perlod, and ( 3 )  the  "second seta' af vesse l  calcmla- 
tioaas t o  model v e s s e l  aessasl behavior a f t e r  the aerosol genera t ion  

period. Two s e t s  of vessel c a l c u l a t i o n s  W ~ K E  necessary because the  aero- 

s o l  source rate t o  the vessel (the aerosol r e l eased  from the t e s t  p i p e )  
could not be well-specified.  The next three sec t ions  (Sects.  3 ,  4 and 5)  
of t h e  r epor t  d i scuss  the  code r e s u l t s  dlnd comparisons t o  the  t e s t  data. 
Included i n  these  sec t ions  are d iscuss ions  and eva lua t ions  o f  each set of 

code r e s u l t s .  PfnaPPy, i n  Sect. 6 a summary of the r e s u l t s  and i n s i g h t s  
gained from the  LA1 p o s t t e s t  code-experiment comparisons is presented. 

2. SUMMARY OF CODE INPUTS AND WQUESTED CODE OUTPUTS 
FQR LA1 POSTTEST CALCUUTEONS 

Test LAP w a s  designed t o  simulate LWR "containment bypass" acc ident  
sequence conditions.  Figure 1 i l l u s t r a t e s  t he  experimental set-up f o r  

t es t  LA1; a d d i t i o n a l  d e t a i l s  are presented i n  t h e  LA1 test p1an.l 

and MnO aerosols  w e r e  i n j e c t e d  i n t o  a 0.063-m-diam, approximately 

30-m-long test  p i p e ;  t h e  pipe had s i x  90" bends. The p i p e  i n l e t  f l o w  

v e l o c i t y  w a s  roughly 100 m / s ,  and the  o u t l e t  f l o w  v e l o c i t y  w a s  roughly 

200 m/s (due to t he  pressure  drop through the  pipe). Aerosols t h a t  
t ranspor ted  out  of t h e  pipe w e ~ e  then allowed t o  become a i rbo rne  i n  t h e  
852-rn3 CSTP vesse l ,  h e r e  their subsequent ae roso l  behavior w a s  then 
s tudied .  Duping p a r t  of t he  experiment: (the ae roso l  genera t ion  per iod) ,  
steam, nsn-condensable gas, and ae roso l s  were vented OK "leaked" t o  a 
s crub be P e 

C s O H  



, 

STEAM 
---It- 

HEATER 

NITROGEN 
STEAM -=I- 

HEATER > 
PLASMA TORCH: 
Mn VAPORIZER 

Cs VAPORIZER 

AEROSOL MlXiNG 
CHAMBER 

AUXtCl ARV 
BUlLOiMG 7 

CsOH (I 
MnO 

ORNL DWG 8 6 - 6 7 6 R  

- TO 
SCRUBBER 

w 

Fig .  a. LA1 exper 



4 

TWQ let ters descr ib ing  ae roso l  code inpu t s  f o r  t h e  LA1 p o s t t e s t  

c a l c u l a t i o n s  were s e n t  t o  LACE program p a r t i c i p a n t s .   he first letter2 

provided i n s t r u ~ t i o n s  f o r  t he  test p ipe  c a l c u l a t i o n s  and for t h e  " ' f i r s t  

set" of vessel, ca l cu la t ions .  

for t he  ""second set" of v e s s e l  ca l cu la t ions .  The contents  of t hese  let-  

ters are s u w r i z e d  i n  t h i s  sec t ion .  

The second let ter3 provided i n s t r u c t i o n s  

The major i ty  of t h e  d a t a  requi red  f o r  performing t h e  p o s t t e s t  

c a l c u l a t i o n s  was contained on IBM-PC: floppy d i sks  - i n  the  form sf t e x t  

f i l e s  - t h a t  were t ransmi t ted  from BEDL t o  LACE program p a r t i c i p a n t s - "  
The tex t  f i l e s  containing ae roso l  input  information are named 

UlABlO.TXT, LAlABl l .DAT,  LAlAB12.BAT, TAIM23.DAT, UlAB24.DAT9 

LAIAB25.DAT9 and LAlAB26.BAT. These t e x t  f i l e s  w i l l  be r e f e r r e d  t o  i n  

t h i s  seetisno 

Table 1 summarizes the data eased f a r  p e ~ f s r ~ ~ ~ h g  t h e  LA1 p i p e  

ca l cu la t ions .  "he test  pipe geometry was delEined i n  text f i l e  

LAlABlO.TXT, and i s  reproduced i n  Table 2 .  Note t h a t  ca l cu la t ions  were 
to be performed only €or  pipe sec t ions  4-19, which had an overa l l  l eng th  
of 28.94 m. The ae roso l  source defined i n  Table 1 w a s  based on the  mass- 

balance d a t a  f o r  s ec t ions  4-19. Although ae roso l  concent ra t ion  and s i z e  

measurements were made as a func t ion  of t i m e  upstream of pipe s e c t i o n  4 $  

i t  w a s  decided t h a t  constant values of aerosol source rate and ae roso l  

s h e  parmeters would be speci%%ed. Also note t h a t  no aerassP  shape fas- 

tor values were spec i f i ed ,  because they could not be measured. 

Table 3 summ%riaes t he  requested code output parameters €or  the  p i p e  

ca l cu la t ions .  Note t h a t  w e  requested t h a t  code ana lys t s  provide ae roso l  

depos i t i on  and a i rborne  ae roso l  s i z e  da ta  €or each of t he  p i p e  "contrsl 

vo lmes"  t h a t  they used to  cha rac t e r i ze  the  pipe; code ana lys t s  were f r e e  

t o  choose how they wanted t o  nodaliae the  p i p e .  As shown in Table 3 ,  we 
requested code output d a t a  f o r  s i x  t i m e s .  However, s ince  the  a c t u a l  

depos i t i on  d a t a  could only be obtained by a posttest mass balance, w e  

only used the  d a t a  far t-3,bOO seconds 
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Table 1. SUI~UU~KY of information used for 
LA1 posttest pipe calculations 

Code input data 

1. Test pipe geometry, layout: 

2. Average aerosol source rate 
to pipe inlet: 

3 m Aerosol source time: 

4. Aerosol source size 
distribution: 

Aerodynamic mass-median 
diameter (AMMD) , WI 

Geometric standard 
deviation (GSD) 

5 .  Aerosol agglomerate density 
and shape factors. 

6. Test pipe temperatures: 

7 .  Test pipe pressures: 

8. Test pipe flow rates: 

Where information founda 

Tables 1,2 in LAlAB10,TXT. Qnly 
pipe sections 4-19 are to be used 
for calculations. 

Table 5 in LA1ABlO.TXT. 
CsOK: 0.48 g/s, MnO: 0.65 g/s 

0 to 3,600 s 

Table 6 in LA1AB10,TXT. 

Mixed PlnO 6608 

2e11 1.47 1.64 

- - - 

1.80 2 .oo 1.91 

To be specified by code user. 
mDL measured deposit 
density = 3.9 g/cme3 
Theoretical solid density, based on 
source mass ratios -0 4.52 g/cm3 

Tables BO15,B.16 in LAlAB23.DAT. 
Measurement locations noted in 
Table 12(F) in LAlAB1O.TXT. 

Table C.2: LAlAB24.DAT. Measurement 
locations noted in Sect. 1.4 in 
LAlAB1O.TXT. 

The sum of inlet steam and inlet 
nitrogen f l o w  rates in Table C.l in 
JAlAB24.DAT. 

aRefers to tables on IBM-format floppy disks (supplied by HEDL 
staff4) containing input conditions. 
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Table 2. LAP test p i p e  geometry 

Sect.  Pipe  Diameter: Length 
No 1 d e s c r i p t i o n  Or ien ta t ion  (m> (d 

4 

5 

6V 

6 
7 
8 
9 
10 
11 

11v 
12 

13 

14 

15 
16 

1 7  
18 
19 

S t r a i g h t  

90" Bend 
B a l l  Vdve 

Straighe: 

90" Bend 

S t r a i g h t  
S t r a i g h t  

90" Bend 

S t s a i g h t  
B a l l  Valve 

90' Bend 

S t r a i  gh t 

S t r a i g h t  

90" Bend 
S t r a i g h t  

90" Bend 
B a l l  Valve 

S t r a i g h t  

Vertical 

Vertical 
Horizontal  

BOPiZonta$ 

Horizontal  

Bor izonta l  

Hor izonta l  

Horizontal  

Horizontal  

Horizontal  

Vertical 
V c  rt ical 

Vertical, 

Vertical 

Horizontal  

Horizontal  
Hor izonta l  
Hor izonta l  

0 .Q63 

0.063 

0.063 

0.063 

0 .Ob3 

0.063 

0.063 

Q e 0 6 3  

0.063 
0.063 

0 063 

0.063 
0.063 
0.063 
0.063 

0.063 
0.063 

0.063 

2.26 
0.36 
0.19 

4 . 2  

8 036 
3 . 7 4  

4 . 3 2  

0 .36  

0.62 

0.19 

6.36 
4.32 

4 . 3 4  

0.35 

1.74 

0.33 
0.19 

0.71 

Overa l l  l ength  of s ec t ions  4-19 = 28.94 me 
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Table 3. Summary of requested code output data f o r  
LA1 p o s t t e s t  pipe c a l c u l a t i o n s  

Output times (a):  300, 600, 900, 1,800, 2,700, 3,600 

Output parameters and units: 

A. For each pipe c o n t r o l  volumea a t  each output t i m e :  

1. Cumulative ae roso l  mass - f o r  MIXED ae roso l  and f o r  EACH 
s p e c i e s  (if poss ib l e )  - depos i ted  i n  each c o n t r o l  volume - 
i n  grams. 

2. Airborne ae roso l  s i z e  i n  each c o n t r o l  volume - 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  
aerodynamic mass-median diameter - i n  pm - and the  
geometric s tandard  dev ia t ion  - dimensionless. 

B. A t  p ipe  o u t l e t  f o r  each output time: 

1. Cumulative ae roso l  mass - f o r  MIXED ae roso l  and f o r  EACH 
species (if poss ib l e )  - t r anspor t ed  out  of test  p i p e  - in 
grams. 

2. Airborne ae roso l  s i z e  t r anspor t ed  out of test  pipe - f o r  
MIXJ3D ae roso l  and f o r  EACH s p e c i e s  ( i f  poss ib l e ) :  provide 
t h e  aerodynamic mass-median diameter - i n  pm - and the  
geometric s tandard  dev ia t ion  - dimensionless. 

aCode a n a l y s t s  were t o  determine, based on t h e i r  own judgement, the  
number of c o n t r o l  volumes needed t o  model t he  test p i p e .  

A t  t he  LACE Technical Advisory Committee (TAC) meeting held on 

December 10-12, 1985, it w a s  decided t h a t  two sets of LA1 p o s t t e s t  calcu- 

l a t i o n s  f o r  aerosol behavior i n  t h e  CSTF vesse l  should be performed. The 

" f i r s t  set" of c a l c u l a t i o n s  was performed t o  c a l c u l a t e  ae roso l  behavior 

dur ing  and a f t e r  t h e  ae roso l  source period. 

formed t o  model ae roso l  behavior only after the  source period was over. 

It was decided t o  p e r f o w  two c a l c u l a t i o n s  because measurements of t h e  

a e r o s o l  source rate i n t o  t h e  ves se l  (from the  p ipe  o u t l e t )  could not be 
made. The f i r s t  set of c a l c u l a t i o n s ,  then, used as input  an average 

a e r o s o l  source, based on the  posttest CSTF v e s s e l  material balance. The 

The "second set" w a s  per- 



8 

second set of c a l c u l a t i o n s ,  hawever, used measured values of t he  airborne 
a e r o s o l  concent ra t ion  and s i z e  d i s t r i b u t i o n  a t  t h e  end of t he  source 

period as input.  

The. d a t a  used for performing t he  f irst  set of v e s s e l  s a l c u l a t i a n s  $9 

summarized in Tables 4 and 5 .  The floppy-disk d a t a  included n i t rogen  

vent flow ( t o  the scrubber) da ta ,  but it did not include ca l cu la t ed  stem 
and overall  vent flow da ta ;  t h e  l a t te r  were ca l cu la t ed  and provided i n  
Table 5. The following formula w a s  used t o  c a l c u l a t e  t he  steam vent 

flows t o  the  scrubber: 

Qs = s t e m  vent flow rate t o  scrubber 

Qn = measured n i t rogen  vent flow rate to scrubber 

M, = molecular weight of steam 

Mn I M l e c U l a P  Weight of €dt%ogeLl 

P, = measured steam volume f r a c t i o n  i n  vessel 

F, f: ni t rogen  volume fraction in v e s s e l  

Note t h a t  estimates of ae roso l  shape f a c t o r s  and ae roso l  d e n s i t i e s ,  

gas-wall temperature g rad ien t s ,  and steam condensation rates (onto  the 

walls  a n d m  the a i rborne  ae roso l s )  for times g r e e t e r  than 558 min were 
t o  be provided by t he  code users.  

The ae roso l  source d a t a  f o r  t he  f i r s t  set of LA1 c a l c u l a t i o n s  w a s  
determined from the  ves se l  mass-balance d a t a  - i.e., t he  t o t a l  a i rborne  

ae roso l  recovered i n  the  v e s s e l  plus that: amount of material vented from 

t h e  v e s ~ e l . ~  
s l i g h t l y  from the  ae roso l  source rate estimated from t h e  sum of (1) aerosol 

s e t t l i n g  (determined from t h e  amounts o f  aerosol  deposited In  s m a l l  

' " s e t t l i n g  cans" loca ted  throughout t h e  v e s s e l ) ,  ( 2 )  pla teout  (determined 

from the ae roso l  Beposited onto small sec t ions  o f  t he  ves se l  wa l l ) ,  and 

However, as i l l u s t r a t e d  in Table 6 ,  t h i s  d a t a  d i f f e r e d  
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Table 4. Summary of information used for first set of LA1 
posttest vessel calculations 

Code input data Where inforneatioa founda 

1. CSTF vessel geometry, properties: Tables 3 , 4  in LAlAB1O.TXT. 

2. Average source rate for aerosol Table 7 i n  LAlAB10.TXT. 
suspended in vessel : CsOII, 0.0038 g/s; M O ,  0.017 g/s 

3.  Aerosol source time: 0 to 3,600 s 

4. Aerosol. source size: Table 8 in LA1ABLQ.TXT. 

MnO Mixed - CsOH - 
AMMD ( I l d  0.97 0.83 0.89 
Geometric standard 2.70 2.78 2.72 
deviation 

5 .  Aerosol agglomerate density To be specified by code user. 
THEORETICAL SOLID DENSITY, 
based on source mass 
ratios = 5.0 g/cm3. 

and shape factors: 

6 .  Test vessel temperatures: Spacial-average values are 
in Table A in LAlABf1.DAT. 
Spacial variations are in 
Tables B.1-B.7 in 
LAlABl2.DAT. Thermocouple 
locations are in 
Table 12(A,B) in LAlAB10.TXT. 

7 .  Test vessel pressures: 

8 .  Vent flow rates from vessel; 

Table A in LAlABll .DAT. 

Noncondensable gas flow rates in 
Table C.l in LAlAB24.DAT. Upper 
vessel steam fractions in Table F in 
LAlAB26.DAT. Calculated total 
flows, for selected times, in Table 5 .  

9. Gas-wall temperature gradients: To be speciEied by code user. Some 
options include: Use of temperature 
vs distance-from-wall data in Table 
B.8 in LAlABl2.DAT. Use of heat 
flux data in Table D in LAlAB25.DAT. 

10. Steam conditions in vessel: Table F in LAlAB26.DAT. Saturated 
steam for  t>550 min. 

aRefers to tables on IBM-format floppy disks - supplied by IlEDL 
staff - containing input conditions. 
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Table 5. Calculated steam vent flows and total  vent flows 
( t o  the scrubber) for test LA1 

0.0 

141 

294 

444 

5 94 

7 44 

908 

1,050 

1,200 

1. ,350 

1,500 

1,650 

1,800 

1,950 

2 9 100 

2,250 

2,480 

2,550 

2,760 

2,850 

3,000 

3,150 

3,300 

3,450 
3,600 

0.068 

0.195 

0.205 

0 0224 

0 . 224 
0.211 

0 0 235 

0.239 

0.220 

0 . 222 
0.242 

0.233 

0 -228 

0.214 

0 e 236 

0 e 243 

0.242 

0.224 

0.215 

0.217 

0.215 

0.215 

0.235 

0-240 

0.365 

Q 0544 
0 . 543 
0.543 

0.542 

0 0 542 

OS541 

0.541 

0.540 

0.541 

0 e 543 

0 545 

0 . 547 
0.548 

0.550 

0 . 552 
0.553 

0.555 

0.557 

0 559 

0 560 

0.558 

0 . 557 
0 e 556 

0.554 

0 e 553 

0.052 

0.149 

0.156 

0.171 

0.170 

0.160 

0. $78 

0.199 

0.167 

0s. 170 

0.186 

0.181 

0.178 

0.168 

0.187 

0.194 

0.194 

0.181 

0.175 

0.177 

0.175 

0.174 

0,189 

0 0 192 

8.290 

0.120 

0.344 

Q.361 

0.395 

0 e 394 

Qe37ll 
0,413 

0.416 

8.387 

Q e 3 9 2  

0.428 

0.414 

0 . 406 
0.382 

0.423 

0.437 

0.436 

0.405 

0 . 390 

0.394 

0.390 

0.389 

0.424 

0.432 

0.655 

for times > 3600 s, assume vent flow 0 kg/s 
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Table 6. Comparisons of LA1 vesse l  aerosol  source rates 
determined from mass balance and from sum of aerosol  

s e t t l i n g ,  p l a t eou t ,  and leakage 

Aerosol source from sum 
Aerosol source from of s e t t l i n g ,  p l a t eou t ,  

Mass Source rate Mass Source rate 
mass balance d a t a  and Peakage 

Mater id (g) ( g / s P  ( 8 )  ( g / s P  

CSQH 13.68 0 0038 12. a 0 .Om4 
MnO 61.2 8.017 46 62 0,013 
CSOH*O 74-88 0 0208 58,72 0 mol63 

aAverage source rate determined by d iv id ing  t o t a l  mass by aerosol  
source t i m e  = 3,600 s. 

(3 )  leakage (aerosol  vented t o  the scrubber) i n  the  test. 
d e t a i l s  give more information on how the  ves se l  aerosol  source was determined: 

The following 

1. The t o t a l  amount of material recovered from the  test vessel and 

ae roso l  scrubber w a s  95.4 g ( t h i s  is  presented la ter  in Sect. 3 ,  
Table IS>, 

2. The HEDL inves t iga to r s  determined that a por t ion  of the  95.4 g 

recovered from t h e  ves se l  w a s  a c t u a l l y  impinged on the  w a l l  

d i r e c t l y  opposi te  from where the  aerosol  was i n j ec t ed  i n t o  the  

v e s s e l  from the  tes t -pipe o u t l e t .  It w a s  assumed t h a t  the 

impinged mass w a s  never a i rborne  i n  the  tes t  vesse l .  The value 
of 74.88 g fo r  t he  t o t a l  t rue  aerosol  input  t o  the vesse l  

(Table 6)  w a s  obtained in t h i s  way. This value was used t o  
de f ine  t h e  aerosol  source f o r  t he  " f i r s t - s e t "  ca lcu la t ions .  

3.  Indiv idua l  measurements of t o t a l  s e t t l i n g ,  t o t a l  p la teout ,  and 

t o t a l  aerosol  t r anspor t  t o  the  scrubber were made. From these  

measurements, an estimate of t he  t o t a l  aerosol  input  t o  the  
ves se l  of 58.72 g (Table 6 )  w a s  made. We bel ieve t h a t  t h i s  is 

t h e  value t h a t  should have been used in t h e  ca lcu la t ions .  

A s  i l l u s t r a t e d  i n  Table 6 ,  t h e  CsOH source r a t e s  d i f f e r  by roughly 

Considering the  lo%,  while t he  MnO source rates d i f f e r  by roughly 25%. 
f a c t  t h a t  less than 100 g of aerosol  was input  t o  the  vesse l ,  these  
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differences are not surprising. However, the evaluation of the code com- 

parisons for the first set of calculations should ackmowledge this uncer- 

tainty in the aerosol sourcen 

Table 7 summarizes the requested code outputs for the first set o f  

vessel ea1culations. Code outputs were requested for 16 different times 
- 5 faas the aeKOSo1 SBuPCe peZ'iOd and 11 after the end Of the BOUHC@m 

Note t ha t  we requested values of the "aerodynamic mean settling diameter" 

(6b in Table 7 )  and a l s o  requested 8edisaeteoa code users to provide us 

with tables of aerosol masses in different s h e  bins f ~ r  selected times 

(6e  in Table 7). However, these data are not included in this report 

Because the requested times do not correspond to the times where measure- 

ments were made. For future postteet code comparisons, we will request 

the Bin-data i w f o m t f o w  at; the times when aerosal size measurements are 

maae a 

The data used for performing the second set of vessel calculations 

a ~ e  summarized in Table 8 .  The major aerosol input data for this set 

were the estimated airborne aerosol concentration and s i z e  at t=3,609 8 ,  

the emd of the sourcx period; these values were obtained (from the HEDL 

staff5) by extrapolatLon of the data for t>3,600 s back to t=3,600 s. 

also that for t>3,600 s there was RO vent flow from the vessel. 

Note 

F i n a l l y ,  the requested code outputs for: the second set: QE vessel 
calcu$ations are suimmrized in Table 9. Code outputs were requested f a r  

11 times after t=3,600 seconds. Note that, although we requested t h a t  

code users calculate settling and plateout far t>3,600 seconds, only total 
values of settling and plateout were measured (for times including the 

aerosol source period and for times after the source period). 

plots of settling and plateout are ineluded in Sect. 5 for comparison 

purposes. As for the first set of vessel calculations, calculated mean 

settling diameters and bin aerosol-afze data are not included in this 
report. 

However, 
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Table 7. Summary of requested code output parameters for 
first set of posttest vessel. calculations 

OUTPUT TIMES (9 ) :  300, 600, 1,200, 2,400, 3,6d0, 3,900, 4,200, 
4,800, 5,400, 6,000, 8,000, 10,000, 33,000, 
60,000, 100,000, 150,000. 

OUTPUT PAMMETERS AND UNITS (FOR EACH OUTPUT TIME): 

1. Suspended aerosol mass concentration - for m D  aerosol and 
far EACH species (if possible) - in g / d 8  

2. Concentration of water condensed on airborne CsOB and MaaO 
aerosols - in g / m 3 ,  

3 .  Cumulative aerosol settled in vessel - for MIXXD aerosol and 
for EACH species (if possible) - in g. 

4 .  Cumulative aerosol plated on vessel walls and ceilings - for 
MIXFSD aerosol and for EACH species (if possible) - in g. 

5 .  Cumulative aerosol vented from vessel - for MIXED aerosol and 
for  EACH species (if possible) - in g. 

6 .  Airborne aerosol size parameters - for MIXED aerosol and for 
EACH species (if possible): 

a. The aerodynamic mass-median diameter - in pm - and the 
geometric standard deviation - dimensionless 

b. The aerodynamic mean settling diameter - in pm 
C .  "DISCWTE" code users should provide tables of aerosol  

m a s s  or mass concentration in each size group for the 
times 1,208, 3,600, 4,800, 10,000, and 60,000 s 
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Table 8. Suxrimary of information used for second see 
of LA1 p o s t t e s t  ves se l  c a l c u l a t i o n s  

CODE INPUT DATA WHERE INFOEMATION  FOUND^ 

3 .  Airborne E M X Q S O ~  s i z e  at  end of 
a e r o s o l  source: (t=3,600 a>: 

Amm ( P d  
Geometrie standard 

dev ia t ion  

4 e Aerosol agglomerate dens i ty  
and shape f ac to r s :  

5. Test vesse% t empera tures :  

1.18 0 -88 8.88 

a b 6  2.8 2.6 

To be s p e c i f i e d  by code 
user.  TXEBUTICILI, SQLIB 
DENSITY, based on MnO/CsOK 
source mass r a t i o  of LbS47, 
is 5 .0  glcm3. 

Spacial-average values are 
i n  Table A i n  LAlABP1.DAT. 
Spac ia l  v a r i a t i o n s  are i n  
Tables  B.1-B.7 in LAIAB12.DAT. 
Thermocouple loca t ions  are i n  
Table 1 2 ( A , B )  .Ln LA1ABlO.TXT. 

6 .  T e s t  ves se l  pressures:  Table A i n  LAlB11 .DAT.  

7 .  Vent flow rates from vesse l :  0 &g/s for t>3,608 s. 

8. G a s - w a l l  temperature grad ien ts :  To be s p e c i f i e d  by code user. 
Some opt ions  include: Use of 
temperature vs distance-from-wall 
d a t a  i n  Table B.8 i n  LAlAB12.DAT. 
U s e  of heat-flux da ta  I n  Table D 
i n  LAlBB25.DAT. 

10. S t e m  conditions i n  vesse l :  Table F i n  LAlAB26.DAT. 
Sa tura ted  steam f o r  t>%3,QOO s e 

aRefers t o  t a b l e s  ban EBM-fomt floppy d i sks  - suppl ied  by KEDL 
s t a f f 4  - conta in ing  input  conditions 
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Table 9. Summary of requested code output parameters f o r  
second set of LA1 p o s t t e s t  ves se l  ca l cu la t ions  

OUTPUT TIMES ( s ) : ~  3,900, 4,200, 4,800, 5,400, 6,000, 8,000, 
10,000, 33,000, 60,000, 100,000, 150,000. 

OUTPUT PARAMETERS AND UNITS (FOR EACH OUTPUT TIME): 

1. Suspended aerosol  mass concentrat ion - f o r  L W D  aerosol  and 
f o r  EACH spec ies  ( i f  poss ib le )  - i n  g/m3. 

2. Concentration sf water condensed on airborne CsOM and MnO 
ae roso l s  - i n  g / d .  

3. Cumulative ( f o r  times after 3,600 s )  aerosol  s e t t l e d  i n  vesse l  - 
for MIXED ae roso l  and for EACH spec ies  ( i f  poss ib le )  - i n  grams. 

4. Cumulative (for times after 3,600 s)  ae roso l  placed on vesse l  
walls and c e i l i n g s  -for  MIXED aerosol  and f o r  EACH spec ies  ( i f  
possible) - i n  g. Provide depos i t ion  da ta  f o r  EACH important 
p l a t eou t  mechanism (d i f fus ion ,  thermophoresis, d i f fus iophores i s ,  
etc.) 

5 .  Airborne aerosol  size parameters - f o r  MIXED aerosol  and for  
EACH spec ies  ( i f  possible) :  

a. The aerodynamic mass-median diameter - i n  urn - and t he  
geometric s tandard devia t ion  - dimensionless 

b. The aerodynamic m a n  s e t t l i n g  diameter - in pm 
C. "DISCRETE" code users  should provide t ab le s  of aerosol  

mass or mass concentrat ion i n  each s i z e  group f o r  t he  
t i m e s  4,800, 10,000, and 60,000 s o  

aNote t h a t  t = 0 s correspoads t o  the  s t a r t  of the aerosol  source 
per iod and t = 3,600 s corresponds t o  the  end of t he  source period. 
Calculat ions should ONLY be done f o r  t i m e s  > 3,600 S. "Cumulative" values 
f o r  aerosol  s e t t l i n g  and p la teout  should be done by assuming values of 0 
f o r  these  parameters a t  t = 3,600 6 .  
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Tables 10 and 11 provide additional information relevant to the 

first and second sets o f  EA1 vesse l  calculations* We provided, in  Table 

5 ,  values of steam a d  nitrogen vent mass f l o w  rates for 0-3,6QQ 8 .  

However, same of the codes require f ~ a c t i o ~ ~ l ,  volumetric f l a w  rates; 

these were not provided in the instruction letters. Table 10 presents 

time-dependent calculated values of these €%ow parameters. 

Table LO.  xahl calculated fractional volume flow rates 

(vent to scrubber) for 0 to 3,600 seconds 

Vent to scrubber, Vent to scrubber, 
f r p % C t % O M l  fractional 

volume f l o w  rate volume faow rate 
(l /sI ( vo I%/ day 1 

0.0 
144 
294 
444 
5 94 
7 44 
9 00 

1,050 
1 ,200  
1 ,350  
1,500 
1,650 
1,800 
1 ,950  
2,100 
2 ,250  
2,400 
2,550 
2,700 
2 ,850  
3,000 
3 ,150  
3 ,300  
3,450 
3 ,600  

Average va lues  

P .8OOE-4 
5 .  0253-4 
5 23 1E-4 
5.692E-4 
5.6793-4 
5.3353-4 
5.924E-4 
5.9673-4 
5.554E-4 
5 e 6 14E-4 
6 e L38E-4 
509293-4 
5 0 8 233-4 
5 48OE-4 
6,0663-4 
6.29OE-4 
6.26213-4 
5 .  El 17E-4 
5.60312-4 
5.6733-4 
5 5953-4 
5.5843-4 
6.0733-4 
6.190E-4 
9 e 4243-4 

1555 
4342 
45 20 
4918 
4907 
4609 
51 P9 
5156 
4798 
485 1 
5303 
5123 
503 d. 
4735 
5241 
5417 
5410 
5026 
4841 
4902 
4834 
4824 
5247 
5348 
8143 

4976 



17 

Table 11. Calculated a i rborne  water mass and airborne 
steam removal rates, f o r  t>33,000 s 

A i r  bo me Air borne Steam 
T i m e  steam water mass removal ratea 

( 103 s> f r a c t i o n  (kg> ( g / s >  

33.0 

43.7 
51.7 
61 04 
71.0 
79*9 
97 03 

150.0 

3502  
0 502 
0.495 
0 395 
0.310 
0.270 
0.220 
0.210 
0. I60 
0.113 

229 3 
227 1 
I83 e 6  
145.8 
128a7 
106.1 
102 o 4 
79.4 
58.4 

0.991 
5.141 
4 707 
a e 7 6 8  
2 356 
0.428 
1.306 
0.399 

asteam removal rates are average values between two t i m e s .  
For example, 0.991 g/s is the  average values 'between 33,000 and 
35,200 s. 

In t he  input  spec i f i ca t ions  f o r  the  LA1 ca lcu la t ions4  it w a s  s t a t e d  
that steam s a t u r a t i o n  condi t ions ex i s t ed  i n  the  vesse l  fo r  times g r e a t e r  

than  550 min (33,000 SI. 
rates could only be made p r i o r  to  the  start of aerosol  generation. How- 

ever ,  estimates of steam removal from the atmosphere for t>33,000 s can be 

obtained from the  ves se l  steam-fraction measurements. Table 11 presents  

ca l cu la t ed  values f o r  a i rborne steam mass and average airborne steam 
removal rates. 

R e l i a b l e  measurements of steam condensation 

The a i rborne  steam mass was ca lcu la ted  using the  equation: 

Mair = SFR P ' q  V/(R@;*T),  

where Ma,, - a i rborne  steam mass 
SFR - measured steam volume f r a c t i o n  

P = vesse l  gas pressure 
= steam molecular weight = 18 g/mol 

V = vesse l  volume 

Rg = universa l  gas constant 
T * vesse l  gas temperature 
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Note t h a t  t h e  steam f r a c t i o n  measurements were made by c o l l e c t i n g  all of 

t h e  water a i rbo rne  wi th in  a measurement VO~UIW;  t he re fo re ,  it inc ludes  

t h e  water a i rborne  on the  aerosols .  W e  be l ieve ,  however, t h a t  t h e  water 

on the  ae roso l s  was a minor f r a c t i o n  of t h e  a i rbo rne  water. 

LA1 pipe ca lcu la t ions  were performed by s i x  i n v e s t i g a t o r s ;  the codes 

used and t h e  names and a f f i l i a t i o n s  of the code ana lys t s  are listed in 
Table 112. The TIPAP-MEET2 and AEROSIM-M codes are d i s c r e t e  s i z e  d i s t r i b u -  
t i o n  codes, while the WTAIN-2C code i s  a l a g - n o m 1  code. The AUX2.9 

code assumes t h a t  the  ae roso l  approaches an asymptotic size d i s t r i b u t i o n .  

AEROSIX-M i s  a c t u a l l y  a containment aerosol transport code, but i t  was 

used in a "%agrawgim" mde (following an ae ross l /gas  packet moving dowm 

t h e  p i p e )  f o r  this caPculatPan. 

Table 12. S u m n a r y  of codes used f o r  LA1 pipe ca l cu la t ions  

Code ana lys t  A f f i l i a t i o n  

AEROSIM-M (UK) 

AUX2.9 (SW) 

RETAIN-2C (FN) 

TRAPMELT2 (IT) 

TRAP-MELT2 (UK) 

S. Raunsdale 

H. Haggblom 

J. Makynen 

F. Parozzi 

D. W i l l i a m s  

United Kingdom, 
Atomic Energy Authority,  
Sa fe ty  and R e l i a b i l i t y  
w l i  r s e t o r a t e  

Sweden, Studsvik 
Energitenik AB 

Finland, Technical 
Research Centre 

I t a l y ,  ENEL-Thermal 
and Nuclear Research 
Centre 

United Kingdom, 
Atomic Energy Authority,  
AXE Winfrith 

United S t a t e s ,  Battelle 
Columbus Labora tor ies  

BInitBals i n  parentheses i a d f e a t e  country or organization. 
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The HEDL s t a f f  measured the masses of CsOH and MnO deposi ted i n  the 

var ious  sec t ions  of t h e  pipe; they also determined the aerosol  

t ranspor ted  out  of the pipe i n t o  the  CSTF vessel. The LA1 pipe deposi- 

t i o n  and t r anspor t  da t a  are summarized i n  Table 13. The t a b l e  a l s o  

l i s ts  ca l cu la t ed  depos i t  mass ratios f o r  t h e  various pipe sect ions.  Note 

that approximately 98% of the  ae roso l  input  to t he  test pipe w a s  depo- 

s i t e d .  Also note  t h a t  t h e r e  were v a r i a t i o n s  i n  the  depos i t  mass r a t i o s  

i n  the  pipe; the mean depos i t  mass ratio w a s  1.32, with a s tandard 

dev ia t ion  of 0.30. The aerosol  source mass r a t i o  w a s  1.35, very close 

to t he  mean depos i t ion  value. 

Table 13. Sununary of measured pipe-wal l  depos i t ion  da ta  
and aerosol  t r anspor t  da ta  for LACE LA1a 

Sect ion  CsOH IWO CSOH+MnO MnO/CsOH 
Pipe  l eng th  deposi ted deposi ted deposi ted depos i t  

s e c t i o n s  (d (g) c €3) (g) r a t i o  

4 
5 

6V-6 
7 
8 -9 
10 

11-11v 
12 
13-14 
15 
16 
17 
18 
19 

2.26 
0.36 
4.39 
0.36 
8 -06 
0.36 
0.81 
0.36 
8.66 
0.35 
1.74 
0.33 
0.19 
0.71 

97.2 
19.9 
301. -8 
28.3 
647 .9 
26.5 
87.9 
34.3 
371.2 

19.9 
9 e 3  
3.3 
1.1 

28.8 

121.5 
28.2 
426.6 
35.7 
830 5 
28.6 
153.4 
43.8 
463.1 

26.0 
11.5 

208 
2.4 

30.9 

218.7 
48.0 
728.4 
64.0 

1478.4 
55.1 
241 e3 
78.0 
834.2 
59.7 
45.9 
20.7 
6.0 
3.5 

1.25 
1.42 
1.41 
1.26 
1.28 
1.08 
1.74 
1.28 
1.25 
1.07 

1.24 
0.85 
2.11 

1 e 3 0  

Totals :  1677.4 2204 . 7 3822 a 1 

T o t a l  CsOM aerosol  t ranspor ted  out  of p i p e  = 21.0 g. 
T o t a l  MnO ae roso l  t ranspor ted  out  of pipe = 74.4 g. 

aAerosols deposi ted i n  f langes  between p i p e  s ec t ions  included. 
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funct ion of d i s t ance  from t h e  pipe i n l e t .  W e  chose another way t o  com- 

pare  the test and code depos i t ion  results in Figure 5 .  Bere, values of 

t h e  r a t i o  of t h e  measured-to-calculated t o t a l  ae roso l  deposi t ion f o r  f i v e  

"groups" of pipe sec t ions  were determined for each of t he  code calcula- 

t i o n s ,  The d a t a  from Fig. 5 are a l s o  summarized i n  Table 14. Figure 6 
shows ca lcu la ted  values  of t o t a l  aerosol  t r anspor t  out  of the  pipe as 
a funct ion of t i m e ;  t he  o v e r a l l  t es t  value a t  the  end of t h e  aerosol, 

genera t ion  period is also shown. Table 15 d i sp lays  values of the  r a t i o s  

of measured-to-calculated t o t a l  ae roso l  t r anspor t  out  of the pipe. 

Finally,  Figs. 7 and 8 give p l o t s  of ca lcu la ted  values of the  aero- 

sol AMHD and geontetrfc standard devia t ion  as a funct ion of dis tance  

from t h e  pipe i n l e t ;  t hese  are graphed f o r  t=3,600 s, the  end of the  

generat ion period. 

Table 14. Values of measured-to-calculated total 
ae roso l  depos i t ion  in test LA1, f o r  f i v e  pipe-section groups 

Test-to-code r a t i o  f o r  each pipe-section grouping: 
P i p e  AEROSIM-t4 AUX2.9 RETAIN-2C W - M E L T 2  TRAP-MELT2 TRAP-MELT2 

4-5 0.24 1.77 0.95 0.16 0.30 0.48 
6V-6 0.74 4.29 0.47 0.60 1.21 0.98 
7-llV 2.59 5.75 1 .O6 1.98 1.45 1.76 

16-19 1.51 0.36 0.90 3.17 0.50 0.44 
12-15 4.23 5.87 3.67 5.73 1.66 1 e59 

Table 15. Values of measured-to-calculated 
t o t a l  aerosol  t ranspor t  out  of t e s t  pipe f o r  t es t  LA1 

To ta l  aerosol  
Code leaked from pips  

(g) Tes t / codea 

RETAIN-2C (FN) 119.0 
TRAP-IUIELT2(BCL) 49.0 
TRAF'-MELT2(IT) 496.7 
TRAF-MELT2 (UK) 890 s 0 
AEROSIM-M(UK) 1436.4 
AUX2.9(SW) 2950.0 

0.802 
1.95 
0.192 
0.107 
0.066 
0.032 

aMeasured value of aerosol  leakage from p i p e  = 95.4 g. 
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The major differences in the modeling approaches used in the 
different calculatiows are illustrated in Table 16. Five different 

models (including the use of no model in the AUX2.9 calculation) for tur- 

bulent aerosol deposition were used. The Friedlander a d  Johnstone6 

model as modified by BattePle-Cslurnbus,7 is the standard one used in 

TRAP-MELT~. 

ness on deposition. 

version of TRAP-MELT2 used at Battelle Columbus Laboratories9 (BCL).  The 

BCL version o f  TUP-MGLT2 also now includes a model to calculate aerosol 

deposition in pipe bends. Note finally that none of the codes included a 

model for resuspension of aerosols from the pipe walls. 

~ ~ l l e  model of wood8 ineludes the influence o f  surface rough- 

This latter model has recently been included in the 

The results illustrated i n  Figures 2 and 5 and in Table 14 

illustrate that the Italian a d  Uni ted  Kfngdam versions of T W - m L T  did 

t h e  h a t  job of calculating the change in aerosol el~p~sition along the 

pipe length. In both of these calculations, however, the deposition in 

the upstream pipe sections - sections 4 and 5 - was overestimated by a 
factor of 2 to 3 .  This error reduced the aerosol available for deposi- 

tion i n  the d o ~ t ~ s t ~ e a ~ ~ ~  sections and may be part of the reason that these 

two calculations tended to underestimate deposition in the upstream p i p e  

sections. 

Although the IXAP-MEL'F2 (iJK) results looked reasonable, two errors 
were made %n these calcu$atfsna: (1)  an argon gas flow into the p i p e  was 

assumed which caused calculated gas velocities to be t o o  high, (2)  an 

incorrect pipe cross-sectional area was used, causing calculated velocf- 

ties to be low. Although we did not request it, the UK investigator re- 

ran the LA1 pipe calculation with the correct gas flows and pipe 

cross-sectional area. The results from the calculation with input errors 

gave a total aerosol deposition in the pipe of 3178 g; the revised calcu- 

lation gave a total deposition of 3590 g. The revised results resemble 

those calculated by the Italian investigator who used TRAP-PIELT2. 

The BCL W - M E L T 2  results significantly overestimated (by a factor 

of 6 )  the aerosol deposition in sections IS and 5; almost half of the 

calculated aerosol deposition was predicted to OCCUK in these sections. 

This result is a possible indication that the Wood model does not ealcu- 

late turbulent deposition as well as the Friedlander and Johnstone model. 
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Table 16. Comparisons of modeling assumptions used 
i n  LAB p o s t t e s t  pipe ca l cu la t ions  

Number of Turbulent Gas property 
Control  depos i t i on  modeling 

assumptions Others Code voluraes model used 

AEROSIM-M Lagrangian 
(m) approach 

RETAIN- 2C 4 
(FN) 

TRAP-KF,LTZ 9 
( BCL 

TW-MEET2 4 
( I T )  

Liu and M x t u r e  
Agarwall 0 prope r t i e s ,  

constant  
flow ve loc i ty  

Not modeled %-.fixture 
p rope r t i e s  

Sehmelll Air-steam 
mixture 
p rope r t i e s  

Wood8 s9 Steam 
p rope r t i e s ,  
"ad jus t  ed'O 
steam flow 

Control  
volumes do 
not  match 
p ipe  layout.  

Calcu la t ion  
performed 
f o r  24 s, 
then 
ex t rapola ted  
t o  3600 s. 
"Sand roughness" 
of 30 U r n  assumed. 
Deposit ion i n  
bends modeled. 

Fr iedlander  P rope r t i e s  of Adjusted 
and Johnstone steam, ni t rogen,  ae roso l  
wi th  B a t t e l l e  argon, hydrogen source used. 
modification' s7 mixture ca lcu la ted  Time s t e p  of 

w i th in  code 2 s used. 

Fr iedlander  P rope r t i e s  of Argon gas 
and Johnstone steam, ni t rogen,  flow rates 
wi th  Battelle argon mixture used were 
modif i ca t ion '  p 7  input  t o  code too high. 

Inco r rec t  pipe 
c ross -sec t iona l  
area used. Time 
s t e p  of 2 s used, 
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E t  is a l s o  poss ib le ,  however, t h a t  t he  3Q-pm value chosen f o r  t he  

s u r f a c e  roughness parameter is not the COIXXX~ value t o  use. 

Deposition v e l o c i t i e s  ca l cu la t ed  i n  t h e  upstream pipe s e c t i o n s  using 

t h e  Wood model wefe about 40 c d 8 ,  roughly twice those ca lcu la t ed  by the  

Italian, and United Kingdom TW-MELT u s e r s y  As illustrated i n  Fig. 5 and 
Table 14,  because tu rbu len t  depos i t ion  was over-estimated in s e c t i o n s  44 

and 5, t he  a i rborne  ae roso l  concent ra t ion  was reduced; and t h e  depos i t i oa  

i n  s e c t i o n s  7 through 19 was underestimated by f a c t o r s  of 2 t o  5.5. 

For t he  AEROSIbl-bl ca lcu la t ion ,  t h e  flaw v e l o c i t y  through the  p i p e  

was assumed t o  be a constant value of 93 m/s. 
ter is t ic  o f  t h a t  at  the  p i p e  i n l e t ,  but it  is roughly half t h a t  expected 

a t  the pipe o u t l e t .  
1s pr~po~t%oaa$, f o r  values of “dimensionless relaxation t i m e ”  below a 

c r i t i ca l  cut-off value, t o  t h e  5 t h  power of t he  flow ve loc i ty .  Therefore, 

i t  is n e t  s u r p r i s i n g  t h a t  t he  AEROSIM-M r e s u l t s  s i g n i f i c a n t l y  w d e r -  

p r e d i c t  depos i t ion  f o r  p i p e  s e c t i o n s  7 th~ough.  19. Me be l i eve  t h a t  had 

the cafculatiow been done with two or  three constant-velocity nodes - 
corresponding t o  t h e  increased v e l o c i t y  i n  downstream pipe  s e c t i o n s  - 
t h a t  t he  comparisons t o  test depos i t ion  d a t a  would have been 

significantly improved. 

 his ve loc i ty  i s  charac- 

T ~ S  ~ i u  and Agamal turbulent-deposit ion correlationPo 

The AEKOSIM-M c a l c u l a t i o n  was the only one that predic ted  d i f f e r e n t  

behavior, as i l l u s t r a t e d  in Figs, 3 and 4, f o r  the CsOW and MnO aerosols. 

The o v e r a l l  MnO/Cs8H deposition ratio predic ted  by AEROSIM-M was 0.99, as 

compared t o  t h e  ae roso l  source mass r a t i o  of 1.35. The code. ca l cu la t ed  

enhanced CsOH depos i t ion  because the  input  CsOH ae roso l  w a s  l a r g e r  than 
the MnO aerosol .  

The ae roso l  depos i t ion  p a t t e r n  ca l cu la t ed  by ‘RETAIN-ZC matched the  

experimental r e s u l t s  reasonably w e l l ,  except f o r  the depos i t ion  calcu- 
l a t e d  i n  volumes 12 t o  15. However, as w i l l  be discussed later,  the code 

does not c a l c u l a t e  aerosol, s i z e  co r rec t ly ;  t he re fo re ,  t he  v a l i d i t y  of the 

depositiom r e s u l t s  is questionable.  The AUX2.9 r e s u l t s  are c l e a r l y  

i n c o r r e c t  because turbulen t  depos i t ion  was not modeled by t he  code. 
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We do not know i f  aerosol  resuspension or  aerosol  wall-film flow w a s  
s i g n i f i c a n t  i n  L41. However, if these  d id  occur, they could have had a 
major in f luence  on the  test r e s u l t s .  A l l  of t h e  TRAP-MELT ca l cu la t ions  

and the AEXOSIM-M ca lcu la t ion  over-predicted aerosol  depos i t ion  i n  the  

upstream pipe sect ions.  Resuspension or  film flow would have decreased 

t h e  n e t  depos i t ion  in t he  upstream sec t ions .  Therefore,  it is poss ib le  

that t h e  TRAP-MELT and AEROSIM-K r e s u l t s  do a reasonable job of esti- 
mating t h e  turbulen t  f l u x  of particles t o  the  upstream sec t ions ,  but 
resuspension modifies the  o v e r a l l  amount of depos i t ion  i n  these  sec t ions*  

Figure 6 and T a b l e  15 have comparisons of measured and ca lcu la ted  

ae roso l  t r anspor t  out  of t he  pipe i n  LA1. Note t h a t  RETAINZC(FN) and 

TRAP-MELT2(BCt) do a reasonable job of ca l cu la t ing  the  t o t a l  leaked aero- 

so l .  However, because these  codes did not c a l c u l a t e  t he  test depos i t ion  
p a t t e r n  w e l l ,  t h e  v a l i d i t y  of t he  f i n a l  ca lcu la ted  leaked-mass values is 

questionable.  
t i o n  ca l cu la t ions  were good, these  codes over-estimated the  aerosol  

leakage by f a c t o r s  of 5 and l o ,  respect ively.  However, i t  should be 

r ea l i zed  t h a t  these  f a c t o r s  are l a rge  because the  measured t o t a l  mass 

t ranspor ted  out of t he  test pipe is small. 

Although the  I t a l i a n  and United Kingdom TRAP-MELT2 deposi- 

Calculated AMMD and geometric standard devia t ion  r e s u l t s  are shown 

i n  Figs. 7 and 8 .  

those  made in  the  CSTF vessel2 ind ica ted  t h a t  the mixed aerosol  AMMD 

input  t o  the  ves se l  w a s  1.64 v m  with a geometric standard devia t ion  of 
1.91. Comparing these r e s u l t s  with the ca lcu la ted  ones i l l u s t r a t e d  i n  
Pigs. 7 and 8, we see t h a t  t he  TRAP-MELT2 and AEROSIM-M r e s u l t s  pred ic t  

reasonable  values of AMMD and standard devia t ion  a t  the  pipe o u t l e t .  

Note t h a t  TRAP-MELT2 and AEROSIM pred ic t  t h a t  t he  AMMD decreases with 

d i s t ance  from the  pipe i n l e t .  

s i n c e  turbulent  depos i t ion  is more e f f e c t i v e  f o r  l a r g e r  particles. 

Although s i z e  measurements were not made in the  pipe,  

This behavior is t he  expected dependence, 

The RETAIN-2C AplMD and standard devia t ion  r e s u l t s  d i f f e r  
s i g n i f i c a n t l y  from those ca lcu la ted  by the  o ther  codes. This d i f fe rence  

occurs because RETAIN-2C is a "log-normal" code and cannot handle 
s i t u a t i o n s  where an aerosol  of one s i z e  is mixed with an aerosol  of a 
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different size in a c o n t r o l  volumeD The increase in AMMD with distance 
from the pipe inlet is physically unrealistic and makes the validity of 
the calculated deposition results suspect. 

A sczurce o f  error in all of the LAP pfpe cmlculatisns is t h a t  

average aerosol s~urce-~ate and aercaas% source-size data W ~ K %  used, rather 

than the actual time-dependent data from the experiment. 'Fables 17 and 

18 give the measured time-dependent data from test Ul. Two coments can 

be made about these data: (1) as illustrated in Table 17, there were 

significant variations in the aerosol source rate to the pipe inlet, and 

(2) the variations in the aerosol source size (Table 18) were not as 

large as the source rate variations; however, sfme turbulent depos i t ion  

is extremely sensitive to particle size, these variations could be impor- 

tant. A t  this  time, we cannot quantify the uncertainties due to using 
C O a S t a I X t  SOUK:C@ par2llTlf3terS Lap the ul p i p e  C a l C ? u k ~ t E s Q S .  Me p l a n  t o  pro- 

vide time-dependene data f o r  use in the future LA3 calculations. 

Table 17. 'Measused t e s t - p i p e  aerosol source rate data 
for test LA1a 

O b  
1.32 
3 24 
6 78 
852 

1,032 
1,218 
1,572 
1,752 
1,932 
2,112 
2,472 
2,952 
3,372 
3,558 
3 6QOb 

0 563 
0 e 563 
OB475 
0.437 
0.534 
0.553 
0 . 495 
0.495 
0.281 
0.281 
0.475 
0.524 
0.464 
0.553 
0-495 
00495 

0 e 874 
0.874 
0 e 682 
0.429 
0.448 
1.002 
0.789 
0.565 
0 245 
0 . 938 
1 e 716 
0.469 
0.735 
0.661 
0 e 565 
0.565 

1.437 
1 e437 
10 157 
1.065 
0.981 
1.555 
1.283 
1.860 
0.524 
1 .219 
2.191 
0.993 
1.201 
1.214 
1006Q 
1 e060 

aAerosol S O M ~ C ~  rate vs time values were obtained by normalizing 
measured source rate data so that the ibntegrated average source rate 
equals the average source rate determined from the mass balance data. 

bSouxee rate values at 0 and 3,600 s assumed the same as the values 
at the nearest measurement time. 



33 

Table 18. Measured test-pipe aerosol source 
size-distribution data for test Uf 

CsOH Mno CsOH-tMnO 

498 2.09 1.67 1,75 1.93  1.89 1.69 
1,398 1.95 1.77 la50 1-93 1-70 1m85 
2 ,292  2.20 l e 8 4  1*44 1.98 1.67 2.04 
3 132 2.01 1.90 l e 3 4  2e13 1-65 2.01 

mean vduesb: 2.06 1.80 1.51 1.94 1.73 1.90 

aGeome tric standard deviation. 

bNore that the mean values quoted here differ slightly from the mean 
aerosol source values used for the LA1 pipe calculations (Table 1). 
aerosol size values in Table 18 are corrected values. 

The 

4. SUMMARY OF "FIRST SET" OF LA1 VESSEL 
CODE-EXPERIMENT COMPARISON RESULTS 

As illustrated in Table 19, twelve "first set" calculations were 
performed to model the vessel aerosol behavior for test LAl. The AUX2.9 

code assumes that the aerosol approaches an asymptotic size distribution; 

all other codes used were discrete size-distribution codes. Two CONTAIN 

and five NAUA calculations were performed. In terms of the NAUA results, 

some investigators chose to perform two calculations: one ("NC,") with no 

modeling of water Condensation effects after 33,000 s, and the other ( " C " )  

where water condensation onto the walls was modeled. 

the NAUA-5 (IT) calculations, however, is slightly different: the NAUA-5, 

NC (IT) calculation considered only water condensation onto wall surfaces 
while the NAUA-5,C (IT) calculation considered water condensation onto 
walls and aerosols. In the data plots that follow, NAUA results are 
always presented together. 

The designation of 

Table 20 presents the CsOH, MnO, and total (CsOH+MnO). aerosol 

concentration data vs time measured in test LA1. These measurements were 

made, at each time, at a number of locations in the test vessel using 
"cluster" and "through-the-wall" samplers. The mean and standard error 



Table 19.  Summary of codes used fo r  first set of 
LA1 vessel. calculations 

code" Code analyst Af 8 i lfat i o n  

NATJA-4 (NC EBRI 
NAUA-4 (C,EPRI) 

NAUA-5 (FN) 

NAUA-5 (MC, I T )  
NAUA-5 (6,IT) 

EPEMOVAL (JN) 

s. rnsda le  

8. Mgggbllom 

M. Tobias 

P. Bieniarz 

R. Saner 

J. akynen 

M. Valisi 

V. KOgarP 

N. Yamano 

United Kingdom, 
AtoOg%c Energy Authority, 
Safety and RePiabiIity 
Directorate 

Sweden, Studsvik 
Energiteknik AB 

United States 
Oak Ridge National 
Laboratory 

United K ~ I I ~ ~ Q I I I ,  
Atomic Ewesgy Author%ty, 
AEE Wfnfrith 

United States,  
New Yosk Power Authority 

United S t a t e s ,  Electric 
Power Research Institute 

Finland, TeehnLcal 
Research Centre 

Ztaly, ENEX-Themal and 
Muelear Research Centre 

Unf%ed States, Bactelle 
Columbus Laboratories 

Japan, Atomic Energy 
Wesearch Institute 

"Initials in parentheses indicate country or organization. 



Table  20. Summary of measured vessel aerosol concentration 
results for LACE LA1 

GsQH MnO CsOB 4- MnQ 
concentration concentration concentration 

Standard Standard Standard 
error of error of error of Airborne 

Time Mean mean Mean mean Mean mean MnO/CsOH 
(SI (g/m3) ( % I  (g/m 1 ( % >  ( g f m  ) (%) ratio 

4 80 
636 
792 
1,080 
1,380 
1,820 
2,520 
3,120 
3,530 
3,840 
4,660 
5,520 
6,720 
9,120 
1.200 
17,000 
18,000 
19,600 
24,000 
32 a 100 
39,700 
56,900 
67,000 
76,000 
85,300 
95,200 

1 -663-3 
2.68E-3 
2 . 243-3 
4 e 44E-3 
6 90E-3 
6.543-3 
5.21B-3 
7 243-3 
6.48E-3 
6 94E-3 
5.16E-3 
4.733-3 
4.39%-3 
4 . O8E-3 
3.563-3 
2 . 39E-3 
3.23E-3 
2.45E-3 
2 -423-3 
1.75E-3 
1 . 423-3 
9.13E-4 
7.593-4 
5.66E-4 
4.383-4 
3.04E-4 

6.9 
11.7 
11.5 

7 . 1  
10.4 
11.8 
10.5 
5.9 
9.3 
11.4 
5.5 
9.7 
6.2 
6.8 
11.1 
20b4 
3 -0 
16.4 
13.2 
9.9  
17.5 
23.8 
6.5 
10.2 
7 .O 
13.0 

4 553-3 
7.31E-3 
9 34E-3 

1 . 69E-2 
2.21E-2 
1.46E-2 

1.61E-2 
1.63E-2 
1 . 76%-2 
1.42E-2 
1.653-2 
1.36E-2 
1 . 353-2 
9.85E-3 
1.37%-2 

8.393-3 
9 *55E-3 
8.97E-3 
5.03E-3 
3.94E-3 
2 95E-3 

1.51E-3 

1 0 86E-2 

1 553-2 

1 -06E-2 

2 26E-3 

12.3 
5.4 
7.2 

10.0 
3.4 
13.1 
4.8  
7.4 
6.3 
6 -0 
4.7 
8.2 
8.2 
11.3 
9.6 
21.4 
3.2 
20.7 
8.4 
7 -0 
36.5 
27 -4 

8.0 
13.4 
8.9 
16.7 

6.21E-3 
9.99E-3 
1 e 1613-2 
2 e 30E-2 
2 383-2 
2.86E-2 
1.9813-2 
2 273-2 
2 (I 26B-2 
2 -323-2 
2 e 283-2 
1 e 89E-2 
2 09E-2 
1.7fE-2 
1.7lE-2 
1 . 223-2 
1 693-2 
1 e31E-2 
1 e08E-2 
1 13E-2 

5 94E-3 
4.70E-3 
3.5213-3 
2.7OE-3 

1 e 04E-2 

1 -81E-3 

11.4 
6 -9  

41.4 
32.3 
2.5 
32.3 

23.0 
29.2 
29.2 
29,o 
3 3 * 4  
29.3 
9.2 

19.1 
38.2 
18.5 
28-7 
3.6 
S e 8  

33,9 
26.8 
7.6 

12.9 
8.5 
16.1 

30.8 

2.74 
2.73 
4.17 
4.19 
2.45 

2.80 
2.14 
2 -48 
2.35 
3.41 
3-00 
3.76 
3.33 
3.79 
4.12 
4.24 
4 .33  
3.47 
5.46 
6.32 
5.56 
5.19 
5.21 
5.16 
4.97 

3.38 
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of t he  mean ( a  measure of t he  random e r r o r  due to  takiag mul t ip l e  
measurements at each sampling time) webe determined using the  following 

fsmuPatians : 

c, = %(CiI/N, 

E,, = y c m  - C # / ( N ~ N - 1 ) ) 1 0 * 5  

where C, = mean ae roso l  concent ra t ion ,  

E,, = standard e r r o r  of t he  mean, 

Ci = measured ae roso l  concentration, 
N = number of Concentration measurements 

s a t  each sampling t i m e .  

A t  this t i m e ,  we do not have estimates of the "systematic" sampling 

errors - those  due to errors aassc%oted with each aeroe01 concent ra t ion  

measurement (due t o  uncertainties in measuring mass deposited on filters, 

i n  measuring sampling f l o w  rates, etc). Estimates of these  e r r o r s  w i l l  

be provided i n  a f u t u r e  MEDL r epor t .  Note thae  Table 20 a l s o  p re sen t s ,  

based on t h e  man. concent ra t ion  va lues ,  t h e  a i rbo rne  MnO/CsOH mass r a t i o  
as a func t ion  of time. 

Table 2 1  summarizes the  measured ae roso l  removal by s e t t l i n g ,  w a l l  
p l a t eou t ,  and t r anspor t  (by leakage from t h e  v e s s e l  t o  the  scrubber) in 
LAL. Note t h a t  s e t t l i n g  and p l a t e a u t  were comparable in U.1, and that 

the  sum of s e t t l i n g  a d  plateout w e r e  ~ o m p a ~ d ~ l ~ ~  t o  the t o t a l  aerosol. 

leakage. Table 22 l ists  i esu1ts  from cascade impactor measurements of 

AMMD and geometric standard dev ia t ion  fo r  tes t  MI. 

Table 21. Summary of measured ae roso l  depos i t ion  and 
leakage r e s u l t s  f o r  LACE LA1 

mo CsOH+MnO - CsOH - 
Tota l  aerosol  s e t t l e d ,  g 3-16  10.7 13,86 
T ~ t d  ae roso l  p la ted ,  g 1065 10.22 11.87 
To ta l  aerosol leaked 

from vesse l ,  g 7.29 25.7 32.99 
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Table 22. Summary of measured aerosol size-distribution 
results for LACE LA1 

Sample time 
(SI 

Mixed aerosol 
aerodynamic 
mass-median 
diameter 

(urn) 

Geometric 
standard 
deviation 

1,470 
3,210 
5,076 
9,320 
9,680 
10,680 
13,500 

24,700 
43,800 
95 400 

14,100 

0.95 
0.95 
0.81 
1.00 
1.15 
1.20 
1.22 
1.15 
1 a26 
1.60 
1.30 

2.65 
2.63 
2.65 
2.35 
2.35 
2.18 
2.21 
2.11 
1.83 
1 e 6 7  
1.61 

Figures 9 through 15 graph the aerosol concentration comparison 

results for the first set of vessel calculations. Comparisans with 

calculated total, CsOH, and MnO concentrations are shown in Figs. 9 

through 14 while Fig. 15 shows comparisons of calculated and measured 

airborne MnO/CsOH mass ratio. 

CONTAIN, and QUICK-M; for all other codes the mass ratio was fixed 

throughout the calculation at a value of 4.47. 

These data are only shown for AERQSIM-M, 

Error estimates for the aerosol concentration calculations were made 

for two time periods: the aerosol source period (0 to 3,600 s) and the 

aerosol source plus depletion periods ( 0  to 100,000 s). The aerosol con- 

centration error-estimate results are presented in Tables 23 and 24. 

These were based on calculations of “relative mean-square errors” at 

given concentration sampling times, defined as follows: 

Erms,i = 

where EmS,i 

= Cm 

CC P 

I(c, - CC)2/C,21 ( 5 )  

relative mean-square error 

at given sampling time, 

measured aerosol concentration, 

calculated aerosol concentration. 
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F i g .  10. LA1 " f i r s t  set" vessel results:  airborne mixed 
aerosol concentration vs t i m e ,  for NAUA calculations.  
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Fig,  14. LA1 “first set“ vessel results:  airborne MnO 
aerosol concentration vs time, for NAUA calculations.  
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Table 23. Calculated errors in predicted aerosol concentrations 
during aerosol source period (0  t o  3,600 8 ) ;  first set calculations 

Code 

CsOHi-MnO CsOH bln0 

Average 
mean 
square 
error Code 

(XI  

Average 
mean 
square 
error Code 

(2 1 

Aver age 
mean 
square 
error 
(%) 

AEROSIM-M (UK) 37.1 
AUX2.9 (SW) 55.6 
CONTAIN (ORNL) 28.6 
CONTAIN (UK) 40.3 
MCT-2 (NYPA) 28.9 
NAUA-4, C( EPRI) 39.6 
NAUA-4,NC(EPRI) 39.6 
NAUA-5 (FN) 34.1 
NAUA-5, C (IT) 36.6 
NAUA-5, NC ( IT) 37.2 

REMOVAL (JN) 36.7 
QUICR-M (BCL) 44.3 

AEROSIM-M (UK) 
AUX2.9 (SW) 
CONTAIN (OWL) 
CONTAIN (UK) 
MCT-2 (NYPA) 
NAUA-4 ,C(EPRI) 
NAUA-4,NC(EPRI) 
NAUA-5 (FN) 
NAUA-5 * C ( IT) 
NAUA-5,NC (IT) 
QUICK-M (BCL) 
REMOVAL (JN) 

22.0 
21.5 
26.3 
21.3 
26.5 
21.3 
21.3 
22.7 
22.3 
21.9 
20,6 
22.0 

AEROSIM-M (UK) 
AUX2.9 (SW) 
CONTAIN (ORNL) 
CONTAIN (UK) 
MCT-2 (NYPA) 
NAUA-4 ,C(EPRI) 

NAUA-5 (FN) 
NAUA-5 ,e ( I T )  
NAUA-5,NC ( I T )  
QUICK-M ( BCL) 
REMOVAL (JN) 

NAUA-~,NC(EPRI) 

71.1 
73.5 
53,8 
55.1 
39.8 
54.3 
54.3 
47.4 
5Q.3 
51.2 
60.0 
50.6 
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The calculated aerosol concentrations at prescribed sampling times were 

determined by interpolation of the code results. The average errors 

quoted in Tables 23 and 24 were determined as follows: 

Eav [(E,s,i>/NsJo*s ( 6  1 
where E, = average error, 

Erms,i = relative error at 5th time, 

NS = number of sampling times. 

For the error calculations during the aerosol source periods, Ems values 

were calculated fo r  sampling times of 480, 636,  792, 1,880, 1,380, 1,820, 

2,520, 3,120, and 3,530 s (see Table 18). For the error calculations 
for 0 to 100,000 s, E,, values were calculated for the above aerosol 

source times and for 5,520, 9,120, 12,200, 18,000, 24,000, 32,100, 39,700, 

56,900, and 85,300 s. 

Figures 16 through 22 derail the aerosol settling data including 

the settled-mass values determined at the end of the experiment. Table 25  

lists errors in calculated overall settling values which are calculated 
using the formulations in Eqs. 5 and 6 with Ns = 1 (the final settled 

mass value). Table 25 also displays values of the ratio of measured-to- 
Calculated overall settled mass. Figures 23 through 29 and Table 26 con- 

tain similar data for aerosol plateout, while Figures 30 through 36 and 

Table 27 present similar data for aerosol leakage from the vessel. Note 

that comparisons of settling and plateout were not made for the MCT-2 and 

AUX2.9 calculations because these codes only provided data on "retained" 

mass and did not have breakdown into settling and plateout. 

Finally, the measured and calculated AMMD and geometric standard 

deviation data (for the mixed aerosol) are shown in Figs. 37 

through 41,  and errors in the code calculations for AMMD and standard 

deviation are detailed in Table 28. The errors were again calculated 

using equations ( 5 )  and ( 6 ) ,  and used the aerosol-size sampling times 

listed in Table 22. 

The major thing to note from the aerosol concentration results in 

Figs. 9 through 14 is that, for times greater than roughly 1,500 s, most 

calculated results tended to overestimate the airborne aerosol con- 

centrations. There seems to be, based on looking at the test data, three 
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Table 25. Calculated errors in  predicted aerosol s e t t l i n g ,  
f i r s t  set calculations 

CsOH+MO set t led  mass CsQ8 set t led  mass MnO s e t t l e d  mass 
Test value = 13.86 g T e s t  value - 3.16 g Test value = 10.7 g 

Calc Mean Calc Mean Calc Mean I 

mass error mass error mass error 
settled square I se t t l ed  square settled square 

I 

Code ( g )  (%) T/Ca CQde ( g )  ( X )  T/Ca Code ( 8 )  (%) T/Ca 

AEROSIM-M (UK) 19.90 43.6 0.70 
CONTAIN (ORNL) 16.47 18.8 0.84 
CONTAIN (UK) 19.01 37.2 0.73 
NAUA-4,C(EPRI) 21.80 57.3 0.64 
NAUA-4,NC(EPRI) 26.90 94.1 0.52 
NAUA-5 (FN) 23.81 71.8 0.58 
NAUA-5,C (IT) 21.91 58.1 0.63 
NAUA-5,NC (IT) 19.85 43.2 0.70 
QUICK-M (BCL) 27.17 96.0 0.51 
REMOVAL (JN) 18.50 33.5 0.75 

AEROSIM-H (UK) 3.74 18.4 0.84 
CONTAIN (OWL) 3.23 2.2 0.98 
CONTAIN (UK) 3.57 13.0 0.89 
NAUA-4,C(EPRI) 3.98 25.9 0.79 
NAUA-4,NC(EPRI) 4.91 55.4 0.64 
NAUA-5 (FN) 4,35 37.7 0.73 
NAUA-5,C (IT) 4.00 26.6 0.79 
NAUA-5,NC (IT) 3.62 14.6 0.87 
QUICK-M (BCL) 5.15 63.0 0.61 
REMOVAL (JN) 3.38 7.0 0.93 

AEROSIIM-M (UK) 16.15 
CONTAIN (OWL) 13.24 
CONTAIN (UK) 15.44 
NAUA-4,C(EPRI) 17.82 
NAUA-4,NC(EPKI) 21.99 
NAUA-5 (FN) 19.46 
NAUA-5,G (IT) 17.91 
NAUA-5,NG (IT) 16.23 
QUICK-H (BCL) 22.02 
REMOVAL (JN) 15.12 

50.9 0.66 

44.3 0.69 
66.5 0,60 
105.5 0.49 
81.9 0.55 
67.4 0.60 
51.7 0.66 
105.8 0.49 
41.3 0.71 

23.7 0.81 ' 

I 

, 

a"T/C" stands for the ratio of to ta l  measured se t t l ing  to to ta l  calculated se t t l ing .  
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Table 26. Calculated errors in predicted aerosol plateout, 
first s e t  calculations 

CsOH+MnO plated mass CsOH plated mass Mno plated mass 
Test value 11.87 g Test value = 1.65 g Test value - 10.22 g 

Code 

Calc Mean 
plated square 
maas error 

(g) (%) T/Ca Code 

Calc Mean 
plated square 
mass error 

(g)  ( X )  T / C a  Code 

Calc Mean 
plated square 

mass error 
(g) (X I  T I C a  

AEROSIM-H (UK) 6.81 42.6 1-74 
CONTAIN (ORNL) 7.75 34.7 1.53 

NAUA-4,C(EPRI) 7.52 36.6 1.58 
NAUA-4,NC(EPRI) 0.97 91.8 12.2 
NAUA-5 (FN) 1.03 91.3 11.5 
NAUA-5, C ( IT) 3.24 72.7 3.66 

QUICK-M (BCL) 1.06 91.1 11.2 
REMOVAL (JN) 9.75 17.9 1.22 

CONTAIN (UK) 11.21 5.6 l e 0 6  

NAUA-5,NC (IT) 4-99 58.0 2.38 

AEKOSIM-M (UK) 
CONTAIN ( ORNL ) 
CONTAIN (UK) 
NAUA-4 ,C(EPRI) 
NAUA-4,NC(EPRI) 
NAUA-5 (FN) 
NAUA-5, C ( IT) 
NAUA-5,NC (IT) 
QUICK-M ( BCL) 
REMOVAL (JN) 

1.20 
1.26 
1.99 
1.37 
0.18 
0.19 
0.59 
0.91 
0.16 
1.78 

27.3 1.38 
23.6  1.31 
20.6 0.83 
17.0 1.20 
89.3 9.32 
88.6 8.78 
64.2 2.80 
4 4 . 9  1.82 
90.1 10.1 
7.9 0.93 

01 
AEROSIM-M (UK) 5.62 45.8 1.82 w 
CONTAIN (OWL) 6.49 36.5 1.57 
CONTAIN (UU) 9.22 9.8 1.11 
NAUA-4,C(EPRI) 6.15 39.8 1.66 
NAUA-4,NC(EPRI) 0.79 92.2 12.9 
NAUA-5 (FN) 0.84 91,8 12.2 
NAUA-5,C (IT) 2.65  74.1 3.86 
NAUA-S,NC (IT) 4.08 60.1 2.50 
QUXCK-M ( BCL) 0.89 91,3 11.4 
REMOVAL (JN) 7.97 22.0 1.28 

""T/C" stands for the ratio of total measured plateout to total calculated plateout. 



M
A

SS
 L

EA
K

ED
 (9

) a
 
0
 

0
 Iu
 

I 
I 

I 
I 

I 

I- 

d
 

0
 

P
 

&
 

8
 

QB
I 

I I I I I I I I 0 

-. I I 
'

I
 

\\
,,
; 

, 



65 

.
I

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 T 



LA1 POSTTEST 
0 FIRS? VESSEL CALCS I--- 

e 
E 
0 

n 
17 
0 

v 
+ 



, , 

10 

8 

6 

4 

2 

0 

QRNL DWG 66-151OQ 

LA1 POSTTEST 
FIRST VESSEL CALCS 

e TEST DATA 
NAUA-4 {C, EPRl} 

0 NAUA-4 (NC. EPRI) 
A NAUA-6 (FN) 
0 NAUA-6 (C, IT) 
0 NAUA-6 (NC, - IT)- 

---- 
-------- 
- - - - -  

lo2 lo3 lo4  1 O5 1 06 

Fig .  33. LA1 "first set" vessel  results:  cumulative CsOM 
aerosol beaked vs time, for NAUA calculations.  



M
nO

 L
EA

K
ED

 C 

89
 



QRNL DWG 86-16281 
50 

40 

n 
CR 

W 
Y 
U 
Lu 
nJ 

30 Y 

n 

20 5 

10 

0 

I I U 1 1 1 1 (  1 I .I I I l r l l  1 II f I ! I 1 ' 1  I I I i r I I '  
LA1 POSTTEST 
FIRST VESSEL CALCS i 

TEST DATA - 
I NAUA-4 (6, EPRI) 
0 NAUA-4 (NC, EPRt) 
A NAUA-B (FN) 
0 NAUA-6 (6, IT] 
0 NAUA-6 (NC, tT) 

---- 
-------- 
- - - - -  

- - - -  

1 o2 lo4 
TIME (s) 

Fig. 35. IA1 "first set" vessel ~ - % s d . t ~ :  cumulative MnO 
aerosol leaked vs time, for NAUA calculations. 



P
 

8
 

b
 

d
 

...
...

.. LE
A

K
ED

 M
nO

/C
sO

H
 M

A
SS

 R
A

TI
O

 
a
 

gn
 PL 

...
.. ( 

I 
I 

P
 

gn
 

b
 ...
...

...
...

...
...

...
...

...
 

S
D

O
S

 

P
 

0
 

b
 



Table 27. Calculated e r r o r s  I n  predicted aerosol  leakage from 
CSTF vessel ;  f i r s t  set ca lcu la t ions  

CsOH+MnO leaked mass CsOH leaked mass 
T e s t  value - 32.99 g T e s t  value - 7.29 g 

MnQ leaked mass 
Test value = 25.7 g 

Code 

Calc Mean 
leaked square 
mass e r r o r  

( g )  (%) 'E/@ Code 

Calc Mean 
leaked square 
mass e r r o r  

( g )  (%) T/Ca Code 

Calc Mean 
leaked square 
mass e r r o r  

(g) (%) T/Ca 

AEROSIM-M (UK) 
AUX2.9 (SW) 
CONTAIN (OWL) 
CONTAIN (UK) 
MCT-2 (NYPA) 
NAUA-4,C(EPRI) 
NAUA-4 , NC( EPRI) 
NAUA-5 (PN) 
NAUA-5,C ( I T )  
NAUA-5 NC ( IT) 

REMOVAL (JN) 
QUICK-M ( BCL) 

44 * 33 
38.30 
48.00 
41.21 

43.60 
43.60 
45.80 
45.80 
44.00 
48.50 
44,80 

50.10 

34,4 0.74 
16.1 0.86 
45.5 0.69 
24.9 Q.80 

32.2 0.76 
32.2 0.76 
38.8 0.72 
38.8 0.72 
39.4 0,72 
47.0 0.68 
35.8 0.74 

51.9 0.64 

AEXOSIH-M (UK) 
AUX2.9 (SW) 
CONTAIN (OWL) 
CONTAIN (UK) 
MCT-2 (NYPA) 
NAUA-4 ,C(EPRI) 
NAUA-4,NC(EPRI) 
NAUA-5 (FN) 
NAUA-5, C ( IT) 
NAUA-5, NC ( I T )  
QUICK-M (BCL) 
R E ~ ~ O V A L  (JN) 

8.09 11.0 0.90 
7,OO 4.0 1.04 
8.76 20.2 0.83 
7.52 3.2 0.97 
9.15 25.5 0.80 
7.97 9.3 0.91 
7.97 9.3 0.91 
8.37 14.8 0.87 

8.40 15.2 0.87 
8.80 20.7 0.83 
8.19 12.3 0.89 

8.36 1 4 ~  0.87 

AEROSIH-M (UK) 
AUX2.9 (SW) 
CONTAIN (OWL) 
CONTAIN (OK) 
MCT-2 (NI[PA) 

NAUA-4,NC(EPRI) 
NAUA-5 (FN) 
NAUA-5 C ( IT)  
NAUA-5,NC ( I T )  

REMOVAL (JN) 

NAUA-4 ,6( EPRI) 

QUICK-M (BCL) 

36.24 

39.30 
33.69 
40.90 

35.63 

37.60 
37.60 
39.70 
36.60 

31.30 

35.63 

37.40 

41.0 0.71 

52.9 0.65 
31.1 0.76 
59.1 0.63 
38.6 0.72 
38.6 0.72 

46.3 0.68 
46.3 0.68 
54.5 0.65 
42.4 0.70 

2 1 e 8  0.82 
c, 

45*5 0.69 

a"T/C" stands f o r  the r a t i o  of t o t a l  measured leaked mass t o  t o t a l  calculated leaked mass. 
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Table 2 8 .  Calculated e r r o r s  i n  pred ic ted  ae roso l  s i z e  parameters 
(0-100,000 8 ) ;  f i r s t  set c a l c u l a t i o n s  

Code 

Geome t r i c  
s tandard  

BplMD d e v i a t i o n  

Average 
mean 

square  
e r r o r  Code 
(XI 

Average 
mean 

square 
e r r o r  

( X I  

AEROSIM-%I (UK) 9.8 
CONTAIN ( O W )  13.4 
CONTAIN (UK) 10.4 
MCT-2 (NYPA) 10.4 
NAUA-b,C(EPRI) 2 4 . 3  
NMA-4 ,Ne( EPRI) 24.9 
NAUA-5,NC (IT) 9.9 
QUICK-M (BCL) 14.6 
KEMOVAL (JN) 24.9 

AEROSIPI-bl (uK9 2541 
CONTAIN (OEZNL) 17,2 
CONTAIN (UK) 16,O 
MCT-2 (NYPA) 24.3  
WUA-4 C( E P R I  ) 18.5 
NAUA-4 ,NC(EPRI ) 18.4 
NAUA-5,C ( I T )  21.6 
NWA-5,NC (IT) 22.3 
QUICK-M (BCL) 19.0 
REMOVAL (JN) 25 .8  

major time periods of i n t e r e s t :  (1) a period from 0 t o  1,500 s when the  

a e r o s o l  concent ra t ion  is increas ing ,  due t o  input  of ae roso l s  t o  the  

ves se l ;  (2)  a period from about 1,500 t o  30,000 6, during which the  aerosol 

concent ra t ion  seems t o  be dropping; and ( 3 )  a period f o r  t 9  30,000 s ,  

where t h e  a e r o s o l  decay rate increases .  What may be occurring f o r . t i m e s  
between 1,500 and 3,600 s is t h a t  t h e  ae roso l  release from the  test  p i p e  

may have been g r e a t l y  reduced. The behavior during the  t h i r d  period is 
I i k e l y  t o  be due t o  steam condensation in t h e  vesse l .  The drop in con- 

c e n t r a t i o n  a t  roughly 1,500 s w a s  not not iced  when the  ae roso l  source con- 

d i t i o n s  for test c a l c u l a t i o n s  were prescribed. 

The code e r r o r  r e s u l t s  i n  Tables 23 and 24 i l l u s t r a t e  t he  fact t h a t ,  
i n  s p i t e  of inaccurac ies  i n  the  d e f i n i t i o n  of t he  ae roso l  source,  t he  

codes ca l cu la t ed  the  ae roso l  concent ra t ion  behavior during the  source 
per iod  (0-3,600 s )  better than they d id  for the  source p lus  dep le t ion  

periods.  For t h e  source period, t h e  ca l cu la t ed  CsOH concent ra t ions  were 
more accu ra t e  than those ca l cu la t ed  f o r  MnO (as expected, s ince  the  

prescr ibed  MnO souece w a s  too high). 



The a i rborne  MnO/CsOH mass r a t i o  r e s u l t s  i n  Fig. 15 show t h a t  none 

of t he  codes d id  a goad j o b  of t racking  the  a i rborne  ae roso l  mass r a t i o ,  

However, t h i s  may be d S l e a d i n g ,  because the  ae roso l  source inass r a t i o  
from 0 t o  3,600 s was prescr ibed  a8 a canstant value o f  4.47 (since the 

vessel source could not be measured); t h i s  c o n d i t i o ~  w a s  not l i k e l y  to  

have k e n  true.  Note t h a t  the ae roso l  source mass r a t i o  based ora the  sum 
of ae roso l  s e t t l i n g ,  p l a t eou t ,  and leakage w a s  3.85, somewhat less than 

t h e  mass-balance value. O f  p a r t i c u l a r  i n t e r e s t  i n  Fig.  15 is the f a c t  
t h a t  t he re  was a s i g n i f i c a n t  increase  i n  the  MnO/CsOH a i rborne  mass r a t i o  

for t>30,QQO s. This i nc rease  ind ica t e s  t h a t  when steam condensation 
condi t ions  ex i s t ed  CsOH was removed more r ap id ly  than MnO. 

Same of the  reasons for the over-predictions of ae roso l  con- 

c e n t r a t i o n  can be explained by eva lua t ion  of t h e  ae roso l  s e t t l i n g ,  plba- 

teout ,  and leakage results. In terms of aerosal s e t t l i n g ,  all the codes 

ca l cu la t ed  g r e a t e r  s e t t l i n g  than was measured .in test LA1. As i l l u s t r a t e d  

i n  Table 25, ca l cu la t ed  s e t t l i n g  e r r o r s  were l a r g e r  f o r  CsOH than f o r  MnO, 

once more probably because the  Pin0 source  used w a s  too l a rge .  Table  25 

a l s o  shows t h a t  roughly ha l f  of t h e  c a l c u l a t i o n s  pred ic ted  the measured 

measured s e t t l i n g  wi th in  50%. The results i n  F igm 2% show t h a t  the  

mdti-component codes c a l c u l a t e  t h a t  CsOH i s  s e t t l e d  snore rap id ly  than 

MnO. The f i n a l  measured MnO/GsOH settled m s s  r a t i o  w a s  3.33, less than 

predic ted  by d l  of the  codes. However, this value is  less than the 

" t rue"  source value 0f 3.85 ( s e e  Table Q), which would seem to ind ica te  

t h a t  MnO w a s  a c t u a l l y  s e t t l e d  more r ap id ly  i n  %he test. 

The ae roso l  p l a t eou t  c a l c u l a t i o n s  d i f f e r e d  from the s e t t l i n g  r e s u l t s  

i n  t h a t  most ca lcu la t ions  under-predicted the  measured aerosol  p la teout .  
P l a t eou t  would be expected t o  occur by themophs res i s  throughout the 

test, and by d i f fus iophores i s  for t>33,000 s (when steam saeusation con- 

d i t i o n s  ex i s t ed ) .  The NAUA code does not model themophores i s  and, as 

seen from the  graphica l  results anad from the plateout e r r o r  results i n  
Table  26, tends t o  under-predict p la teout  By l a r g e  amounts f o r  calcula- 
tions where d i f fus iophores i s  was not modeled ("NC" ca lcu la t ions ) .  The 

code ~ ~ K O L -  r e s u l t s  show, however, t h a t  roughly half  of the  ca l cu la t ions  
pred ic ted  the  measured p la teout  values wi th in  50%. 
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Figure 29 gives  t h e  ca lcu la ted  MnO/CsOB pla ted  mass r a t i o  r e s u l t s .  

The f i n a l  measured value w a s  6.19, s i g n i f i c a n t l y  g r e a t e r  than predicted 

by all but the  CONTAIN (ORNL) ca lcu la t ion .  This s i t u a t i o n  corresponds t o  

more e f f e c t i v e  removal of CsQH by w a l l  p fa teout  and mag be cons is ten t  

wfth t h e  l a rge  measured increase  i n  a i rborne  aerosol  mass r a t i o  for 

t>30000 s t h a t  is i l l u s t r a t e d  i n  Figure 15. 

Figures  30 through 35 d i sp lay  the  aerosol  leakage r e s u l t s .  Aerosol 

leakage w a s  averestimated i n  most ca l cu la t ions ,  probably because the  MnO 

ae roso l  source assumed was too la rge .  However, as f l f u s t r a t e d  i n  Table 

27, all, codes predicted the  measured leakage within 50%. 

The leaked amss r a t i o  r e s u l t s  shown i n  Figure 36 show t h a t  the  

multi-component codes pred ic t  e s s e n t i a l l y  no change i n  the mass r a t i o  
from that assumed f o r  the  source. The measured leaked mass r a t i o  was 
3.52. Although t h i s  was less than the  codes ca lcu la ted ,  i t  was within 

10% of the  aerosol  source value of 3.85 based on the  sum of s e t t l i n g ,  

p la teout ,  and leakage. 

The AMMD r e s u l t s  i l l u s t r a t e d  i n  Figures 37-39 and Table 28 
i l l u s t r a t e  t h a t  the  ae roso l  size predic t ions  f o r  LA1 were q u i t e  good. 
This should be expected, since the  LA1 aerosol  concentrat ions i n  the  CSTF 

v e s s e l  were low. The f i g u r e s  show that, f o r  t he  most p a r t ,  t he  NAUA 

ca l cu la t ions  tended t o  overestimate the measured AMMD values  more than 

t h e  o the r  ca lcu la t ions .  This result is  cons is ten t  with the  f a c t  t h a t ,  
as i l l u s t r a t e d  in Table 25, t he  NAUA ca lcu la t ions  a l s o  tended t o  calcu- 

l a te  more s e t t l i n g  than the  o ther  ca l cu la t ions ,  Overal l ,  however, the  

measured AMMD r e s u l t s  were predicted q u i t e  we l l , ,  

The test AMMD r e s u l t s  show a l a rge  increase in  AMMD shortly after 
30,000 S. 
i t  might have been due t o  water condensation onto the  airborne aerosols. 

I f  t h i s  is not simply due t o  the  uncer ta in ty  i n  measuring AMMD, 

The comparisons of geometric standard devia t ion  (ug) i l l u s t r a t e d  i n  

Figs.  40 and 41 show some puzzling trends.  F i r s t  of a l l ,  some codes 
predicted t h a t  ug decreased during the  source period, while o thers  

pred ic ted  t h a t  i t  increased; a t  present ,  we cannot explain t h i s  behavior. 
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Figure 41 shows t h a t  t he  EPBP vers ion  of NAUA predic ted  a decreased ug 
during t h e  source t i m e ,  while t he  other ver s ioas  pred ic ted  an increase .  

The other puzzling r e s u l t  i s  t h a t  s h o r t l y  a f t e r  t h e  end of the S O U P C ~  

per iod  many codes predic ted  a very rapid drop i n  ag; the measured 

decrease  w a s  not as severe as that predicted.  F%nal%y, all ~f the codes 

under-predicted the measured standard deviation. 

t h a t  t h e  o v e r a l l  e r r o r  i n  t h e  ca l cu la t ed  ag was not large. 

i s  deceiving, because small v a r i a t i o n s  i n  standard dev ia t ion  correspond 

t o  l a r g e  v a r i a t i o n s  i n  p a r t i c l e - s i z e  d i s t r i b u t i o n .  We w i l l  come back t o  

a f u r t h e r  d i scuss ion  of ca l cu la t ed  ag r e s u l t s  i n  Sect. 5 of this P ~ ~ P Q P ~ ;  

t h e r e  we will i l l u s t r a t e  t h a t  some of t h e  codes are i n c o r r e c t l y  ealcu- 

l a t i n g  the  geometric standard devia t lon .  

Table 28 i l l u s t r a t e s  

However this 

The code-input parmeters t h a t  seem t o  have the n r p ; a j ~ ~  in f luence  on 

d i f f e r e n c e s  i n  code results are: (19 the v e s s e l  leakage rate, ( 2 )  how 

steam condensation for t>33,000 s (when steam s a t u r a t i o n  condiclons 

occurred) w a s  modeled; and, (3) t o  a lesser ex ten t ,  the gas-wall temperature 

g r a d i e n t s  d r iv ing  thermophoretic depos i t ion  (when modeled). 
p r e s e n t s  a S U R U W K ~ ~  of the assumptions and values used i n  modeling these  
parameters for t h e  firse set of LA1 v e s s e l  ca l cu la t ions .  B e l o w ,  we 
d i scuss  how t hese  parameters influenced the  d i f f e r e n t  code ca l cu la t ions .  

W e  a l s o  d i scuss  any o the r  i n g e m s t i n g  a spec t s  of the  ca l cu la t ions  t h a t  
have not previously been mentioned. 

Table 29 

AEROSIM-M (uK9 

This c a l c u l a t i o n  was performed with leakage rates and steam w a l l -  
condensation rates similar t o  those t h a t  w e  presented i n  Tables 10 and 
11. I n  add i t ion ,  t he  dynamic and c o l l i s i o n  shape f a c t o r s  were assumed t o  

be equal t o  1.5, and a turbulen t  energy d i s s i p a t i o n  rate of 10.38 m 2 / s 3  
was assumed f o r  t>3,600 s. Bla te su t  r e s u l t s  i nd ica t ed  that 3.2  g of aero- 

s o l  w a s  removed by thermophosesis and d i f fus ion ,  and 3.7 g was removed by 

d i f fus i sphores i s .  
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Table 29. Summary of major code-input assumptions 
f o r  f i r s t  set of vesse l  ca l cu la t ions  

Leak rate Modeling of Wall, 
to scrubber steam condensation temper a t  ur e 

Code t30-3600 s in vesse l  g rad ien t s  

AEXOSIM-M 5423 vof X/d 
(a) 

A m 2  9 As given in 
(sw) T a b l e  5 

CONTAIN 0 a 4  kg/S 
(ORNE) 

CONTAIN About 0.35 (m kg/s for 
0-3600 s 

MCT-2 As given i n  
(NYPA) Table 5 

NAUA-4 SI90 vol  %/d 
(NC ,EPRI) 

NAUA-4 si90 V O ~  %/a 
( c ,EPRI 1 

NAUA-5 5749 vol  %/ d 
(FN) 

Condensation on 
wall modeled: 
steam removal r a t e  
of 2 .5  g/s  fo r  
33,000 t o  86,708 s, 
114 g%s for 
t > 86,700 s 

a 

Wall condensation 
ca lcu la ted  to start 
s l i g h t l y  before 
28,000 S. Average 
steam removal r a t e  
f o r  28,000 t o  80,000 s 
was 2.4 g/s ;  Average 
steam removal rate 
f o r  t > 80,000 s was 
Om5 kg/s 

Water condensation 
ca lcu la t ed  t o  start 
a t  10,000 s. Average 
steam removal rates 
were 4 . 3  g/s f o r  
%0,000 to 20,000 6 ,  3.9  g/s 

80,000 s,  0.12 g/s for 

for 20,000 to 33,000 s, 
2.6 g/S fOK 33,000 to 

80,000 to 150,000 S. 

No steam 
condensation 

No steam 
condensat ion 

S°C/cm 
for 0 t o  
3600 5, 
2 “clcrn 

far 
t > 3600 s 

a 

a 

a 

a 

None 

Wall. condensation None 
assumed to  start  a t  
33,000 8 .  Removal rates 
ca l cu la t ed  s i m i l a r  to 
those in T a b l e  11 

No steam 
condensat ion 

None 
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Table 29 (continued) 

Leak rate Modeling of Wall 
to scrubber steam condensation temperature 

Code t=O-3600 s i n  vessel gradi*ewt 8 

NAUA-5 Varies from Steam condensation None 
(NC,IT) 1.9E-4 to 1E-3 s-l only on walls,  

( s i m i l a r  to starting at  33,000 so 
Table 10) Based on v e s s e l  

heat-flux data, 
Steam removal rates 
o f  6 . 8  gls ab 33,OQO s,  
2 , 6  g / s  at 92,600 s ,  
O,06 g/s at 135,000 s 

NAUA-5 Varies from Steam condensation None 
(C,IT) 1 . 9 ~ 4  to 113-3 5-1 on walls ami pertisles, 

(similar t o  starting a t  33,000 s o  
Table 109 Wall condensation rates 

of 3.4 g/s a t  33,600 s, 
2.1 g/s at  72,600 sI 
Condensation rates on 
p a r t i c l e s  of 3.4  g/s at 
33,000 5, 0.5 g / s  at 
72,600 s. No condensation 
a f t e r  about 75,000 so 

QUICK-M Varies from No steam 

for t=6 t o  3600 s; 
i n  t he  range of 
1E-4 s-l fo r  t i m e s  

(BCL) 3.3E-4 t o  l.6Em3 s-' condensation 

UP to 80,000 

a 

REMOVAL Varies from Condensation on w a l l  8.6 " C / c m  
(JN9 1. .9E-4 t o  1E-3 s-l modeled, s t a r t i n g  a t  a t  t = 0 s ,  

33,000 s. Based on 4 "@/cm 
w a l l  heat-f l ux  data.  a t  6 = 3660 s ,  
Wall condensation rates 0.25 OC/cm 
of  3.3 g / s  at  33,000 8 ,  a t  t = 100,080 s 
1.5 g / s  at 100,800 s. 

aData not provided for t h i s  parmeter. 
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The CONTAIN code is a coupled thermal-hydraulics and aerosol  

t r anspor t  code. 

f o r  t<3,600 s was  assumed; t h i s  rate is comparable t o  the  values i n  

Table 5 .  

was assumed f o r  t<3,600 s. 

t h e  ca lcu la ted  pressure in t h e  ves se l  dropped during t h e  i n j e c t i o n  
period; the  pressure  a t  t = O  w a s  109.9 kPa, while t he  ca lcu la ted  pressure 
a t  3,600 s w a s  87.1 kPa. Because of t h i s  pressure  drop (which d i d  not 

occur i n  the  t e s t )  a small "back-flow" of gas from t h e  surroundings t o  
t h e  test vesse l  s t a r t e d  a t  roughly 4,800 s. In looking a t  the  code out- 

pu t ,  t h i s  back-flow corresponded t o  the  t i m e  when small amounts of water 

ae roso l s  became airborne i n  the  test vesse l .  We bel ieve  t h i s  water came 
from water a i rborne  

environment outs ide  the  test vesse l )  in t he  ca lcu la t ion .  We do not 

be l ieve ,  however, t h a t  t h i s  s l i g h t  in-flow of water influenced the 
ca l cu la t ed  r e s u l t s .  

For t h i s  ca l cu la t ion ,  a constant  leak  r a t e  of 0.4 kg/s 

However, a gas i n j e c t i o n  rate t o  the  test vesse l  o f  0.35 kg/s 

The consequence of t h i s  assumption I s  t h a t  

i n  "cell 2" ( t h e  con t ro l  volume modeling the  

The w a l l  (steam) condensation r a t e s  ca lcu la ted  by CONTAIN compare 

reasonably well with those ca lcu la ted  from the  decrease i n  a i rborne  

water i n  the  ves se l  (Table 11). However, CONTAIN ca lcu la ted  t h a t  steam 

condensation s t a r t e d  at  roughly 28,000 s, about 5,000 s earlier than the 
v e s s e l  atmosphere reached s a t u r a t i o n  conditions.  A t  28,000 s in the  

CONTAIN ca lcu la t ion  the  gas-steam s a t u r a t i o n  r a t i o  was about 0.8; rela- 
t i v e  t o  t he  w a l l  temperatures,  though, the steam w a s  s a tu ra t ed  and con- 
densat ion w a s  ca lcu la ted  t o  occur. 

F ina l ly ,  it should be noted t h a t ,  o ther  than the  small amount of 

water t h a t  became airborne due t o  back-flow from cell 2 ,  the  CONTAIN 

( O m )  predicted no condensation of water onto the  airborne aerosols .  

CONTAIN (UK) 

The ca lcu la ted  gas leak rate of about 0.35 kg/s w a s  s l i g h t l y  lower 
than the  values shown i n  Table 5, and the  predicted vesse l  pressures  pre- 
d i c t ed  were better than those i n  the  CONTAIN ( O m )  ca lcu la t ion .  However, 
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steam condensation w a s  p red ic ted  to  start a t  about 10,000 s r a t h e r  than 

at 33,000 s. Because of t h i s  and the  f a c t  t h a t  r e l a t i v e l y  high cswdes- 

s a t i o n  rates were predic ted  f o r  16,000 t o  33,000 s, ae roso l  depos i t i on  by 

diffusispheresis w a s  probably overestimated i n  t h i s  ca l cu la t ion .  

Me should a l s o  note that this c a l c u l a t i o n  a l s o  pred ic ted  a small 

"bac&--f$ow" sf gas into t h e  CSTP v e s s e l  for t>3,600 s; however, t h e  flow 
rates were n e g l i g i b l e  compared t o  those from the  CONTAIN ( O W )  calcula- 

t foa .  

F i n a l l y ,  as f o r  the CONTAIN ( O W )  c a l c u l a t i o n ,  no Condensation of 

water onto a i rbo rne  ae roso l s  was predic ted  i n  t h e  CONTAIN (UK) calcula- 

t ion.  

MCT-2 (NYPA) 

The MCT-2 code is also a coupled thennal-hydraulics and ae roso l  

t r anspor t  code; however, t h e  measured test  t h e m l - h y d r a u l i c  condi t ions  

were used as input  f o r  t h i s  ca lcu la t ion .  The MCT-2 c a l c u l a t i o n  w a s  pes- 

formed f o r  times up t o  60,000 s; we had requested c a l c u l a t i o n s  t o  be per- 

formed for 150,000 s. Up t o  60,008, a t o t a l  of 17.5 g of ae roso l  was 
ca lcu la t ed  t o  be '"retained"' i n  t h e  ves se l ,  and 7.3 g of ae roso l  w a s  

ca l cu la t ed  to s t i l l  be airborne.  I n  looking at the  code outputs provided 

to us, we found that the ca lcu la t ed  t h e m s p h o r e t i e  depos i t ion  v e l o c i t i e s  

yere about 100 times less than those? calculated fa r  s e t t l i n g ;  therefore, 

e s s e n t i a l l y  d 1  ca lcu la t ed  ae roso l  r e t e a t i a n  was due t o  s e t t l i n g .  Th i s  

means t h a t  we might estimate t h a t  t he  code would have ca l cu la t ed  a t o t a l  

s e t t l e d  mass ( i n  150,000 s >  of 17.5+7.3 = 24.8 g ,  about twice the  
measured value. 

I n  looking a t  the  MCT-2 AMMD r e s u l t s  presented i n  Fig. 37, we note 
t h a t  t he  ca l cu la t ed  AMMD a t  300 s (0.69 um) was less than the  ae roso l  
source value of 0.89 wn. This would suggest,  as was discussed previously 
i n  t h e  LA2 pretest r e s u l t s  t h a t  t h e  MCT-2 code i n c o r r e c t l y  
c a l c u l a t e s  t he  AMMI.). A t  300 s, we r eca l cu la t ed  the  AMp1[D and found a 

va lue  of 0.88 urns about 20% g r e a t e r  than the  code value and comparable to 
t h e  source value (as i t  should be fo r  sho r t  times a f t e r  t h e  start: of 
ae roso l  generation).  This e r r o r  has been pointed out  t o  the code ana- 

l y s t .  
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NAUA-4 [ NC ,C (EPRI ) 1 

About 7 g of ae roso l  w a s  ca l cu la t ed  t o  depos i t  by d i f fus iophores i s  

("C");  t h i s  amount was about 7 g more p l a t eou t  than w a s  p red ic ted  i n  the  

"NC" ca l cu la t ion .  However, i n  t h e  LA2 p r e t e s t  c a l c u l a t i o n s ,  i t  w a s  
discovered t h a t  t h e  form of t h e  d i f fus iophores i s  model used in t h e  EPRI 

ver s ion  of WUA had an e r r o r  t h a t  would cause i t  t o  over-calculate d i f -  

fu s iophores i s  by about a f a c t o r  of 2 f o r  t h e  LA1 cond i t ions . l l  

NAUA-5 [NC,C (IT)] 

The meaning of t h e  "NC'' and ''Can r e s u l t s  f o r  t h e  I t a l i a n  NAUA calcu- 

l a t i o n s  was  somewhat d i f f e r e n t  than f o r  t he  o t h e r  NAUA ca lcu la t ions .  I n  

t h e  I t a l i a n  "NC" c a l c u l a t i o n ,  steam condensatfsa onto t h e  w a l l s  was 
modeled; and heat-flux measurements were used t o  ob ta in  steam conden- 

s a t i o n  rates onto the  walls. In  the  I t a l i a n  "6" c a l c u l a t i o n ,  steam con- 

densa t ion  onto w a l l s  and p a r t i c l e s  w a s  modeled. The change i n  t h e  t o t a l  

a i rbo rne  steam w a s  a t t r i b u t e d  t o  t o t a l  steam condensation, and the  d i f -  
f e r ence  between t h i s  and t h e  w a l l  condensation rates represented  the  con- 

densa t ion  rate onto p a r t i c l e s .  The mass deposited by d i f fus iophores i s  i n  

t h e  "NC" c a l c u l a t i o n  w a s  about 4.5 g, while t he  d i f f u s i o g h o r e t i c  depos i t  

f o r  t he  "C" c a l c u l a t i o n  was about 3 go The most i n t e r e s t i n g  r e s u l t  from 

t h e  I t a l i a n  c a l c u l a t i o n s  is  i l l u s t r a t e d  i n  Fig. 39, t h e  AMMD r e s u l t s  f o r  
t h e  c a l c u l a t i o n  including water condensation onto t h e  aerosols .  

densing water caused t h e  ca l cu la t ed  AMMD t o  i nc rease  by roughly a f a c t o r  
of 20. Although an inc rease  of t h i s  magnitude was not measured, two 

t h i n g s  are of note: (1) as i l l u s t r a t e d  i n  Pig. 38, t he re  was a l a rge  

(although not as l a r g e  as ca l cu la t ed )  i nc rease  i n  AMMD measured a t  
43 ,800  s which may have been due t o  water coudensation, ( 2 )  t he  measured 
AMMD d a t a  is f o r  t h e  "dry" ae roso l  only,  while t he  ca l cu la t ed  AMMD d a t a  

inc ludes  water on t h e  aerosols ;  t h e r e f o r e ,  It is not r e a l l y  appropr ia te  

t o  compare t h e  two results. All of t h e  I t a l i a n  AMMD r e s u l t s  (when water 

w a s  condensed onto t h e  ae roso l s )  could not be cor rec ted  t o  produce "dry" 

AM.MD values ;  t he re fo re ,  ca l cu la t ed  AMMD e r r o r s  f o r  t h e  "C" c a l c u l a t i o n  
are not given i n  Table 28. However, we could co r rec t  t h e  d a t a  f o r  one of 

t h e  code output t i m e s ,  t=60,577 s. A t  t h a t  t i m e ,  t he  AMMD ca lcu la t ed  by 

The con- , 
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t h e  code ( inc luding  the  water) was 20.6 pan; t he  AMMJl we ca lcu la t ed  f o r  

t h e  "dry" ae roso l  mass, however, w a s  1.32 pm. These values show t h a t  

AMMD comparisons must be done with care f o r  cond i t i sns  where water con- 

denses Q B ~ O  ae roso l s  e, 

QUICK-M (BCL ) . 
As shown i n  Pig. 3 4 ,  QUICK-M ca lcu la t ed  a e r o s a l  leakage f o r  t>3,600 

s; this occurred because leak  rates used were g r e a t e r  than zero fo r  times 

up t o  about 80,000 s. 

fus iophore t i c  depos i t ion  because the  ca l cu la t ed  steam s a t u r a t i o n  r a t i o  

never rose  above 6.45. F i n a l l y ,  as f o r  the  MCT-2 c a l c u l a t i o n s ,  t he  

ca l cu la t ed  LWfD at  380 s was 0.62 urn, s i g n i f i c a n t l y  less than the  source 

value of 0.89 imo Using the code output provided to us, w e  r eca l cu la t ed  

a value of 0.88 l im a t  300 s which i n d i c a t e s  tha t  AbfkE) is baing calculated 

i n c o r r e c t l y  i n  QUICK-M ( t h i s  conclusion has been discussed with the  code 

a n a l y s t s ) .  Since the  ae roso l  physics models i n  QUICK-M, MCT-2, and 

TRAP-MELT2 all  der ive  from those i n  the  o r i g i n a l  QUICK cade (developed at 

Be%>, we expect t h a t  a l l  of these  are i n c o r r e c t l y  ca l cu la t ing  the  AMEVID. 

QUICK-M a l s o  ca lcu la t ed  very l i t t l e  dif- 

REMOVAL ca l cu la t ed  p l a t eou t  by themophores i s  o f  3 . 7  g ,  and dif- 

fusiophoresfc pla teout  o f  5.2 g. However, as for the EPRI vers ion  of 

NAUA, the vers ion  of REXOVAL used for this c a l c u l a t i o n  included a d i f -  

fus iophores i s  modeling e r r o r  t h a t  caused d i f fus iophores i s  t o  be over- 

ca l cu la t ed  by a f a c t o r  of 2 .  

5. SUMMARY OF' "SECOND SET" OF L A P  VESSEL 
CODE-EXPERIMENT COMPARISON RESULTS 

Table 30 i l l u s t r a t e s  t h a t  eleven "second set" ca l cu la t ions  w e r e  per-  

formed t o  model the  aerosol  ves se l  behavior i n  test LAl.a A l l  of t he  

codes used were d i s c r e t e  s i z e - d i s t r i b u t i o n  codes. Tws CONTAIN and f i v e  

NAUA c a l c u l a t i o n s  were performed. 

some i n v e s t i g a t o r s  again chose t o  perform two calculations::  one ("NC") 
wi th  no modeling of water condensation e f f e c t s  a f t e r  33,000 s, and t h e  

Pn terms of the  NAUA ca lcu la t ions ,  
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Table 30. Swmnary of codes used for second set of 
LA1 ves se l  ca l cu la t ions  

Codea Code ana lys t  A f f i l i a t i o n  

CONTAIN (UK) 

MCT-2 (NYPA) 

NAUA-4 (NC,EPRI) 
NAUA-4 (C , EPRI 

NAUA-5 (FN) 

NAUA-5 (NC,IT) 
NALJA-5 (C , IT) 
QUICK-M (BCL) 

REMOVAL, (JN) 

S. Ramsdale 

M. Tobias 

P. S&th 

P. Bieniarz 

R. Sher 

J. Makynen 

M. Valisi 

V. Kogan 

N. Yamano 

United Kingdom, 
Atomic Energy Authori ty ,  
Safe ty  and R e l i a b i l i t y  
Di rec to ra t e  

United S t a t e s ,  
Oak Ridge Nat ional  
Labor a t  o r y  

United Kingdom, 
Atomic Energy Authori ty ,  
BEE Winf r i t h  

United S t a t e s ,  
New York Power Authority 

United States,  Electric 
Power Research I n s t i t u t e  

Finland,  Technical 
Research Centre 

I t a l y ,  ENEL-Thermal and 
Nuclear Research Centre 

United States,  Battelle 
Columbus Laborator ies  

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

a I n i t i a l s  i n  parentheses i n d i c a t e  country or organizat ion.  
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o the r  ("C") where water condensation effects were modeled. As f o r  the 

f i ~ s t  set of c a l c u l a t i o n s ,  t h e  des igna t ions  for the  NAUA-5 ( I T )  ca lcu la-  

t i o n s  were s l i g h t l y  d i f f e r e n t :  t he  NAUA-5,NC (IT) c a l c u l a t i o n  c ~ n s i d e ~ d  

o d y  water condensation onto w a l l  su r f aces ,  while the NAUA-5,C: ( I T )  

c a l c u l a t i o n  considered water condensation onto walls and aerosols .  

F igures  42 through 48 graph t h e  aerosol concent ra t ion  comparison 

results f o r  t h e  second set of ves se l  ca l cu la t ions .  A s  f o r  the first set 

of ca lcu la t ions ,  MnO/CsOH mass r a t i o  d a t a  are shown only f o r  t h e  

AEROSIM-M, CONTAIN, and QUICK-M r e s u l t s ;  f o r  a l l  o the r  codes the  mass 

r a t i o  was fixed throughout t h e  c a l c u l a t i o n  at a value of 2.43. 

gives  ca l cu la t ed  e r r o r s  for  t h e  code-data comparisons of a e r a s o l  con- 
cen t r a t ions .  These were ca lcu la t ed  using Eqa. 5 and 6 f o r  measurement 

t i m e s  of 5,520, 9,120, 12,200, 18,000, 24,008, 32,108, 39,380, 56,900, 
and $5,380 s. 

Table 31 

Figures 49 through 54 present  ca l cu la t ed  r e s u l t s  f o r  ae roso l  

s e t t l i n g  and p l a t eou t  f o r  t>3,600 s I  Note t h a t  no experimental data is 

shown, because s e t t l i n g  and p l a t eou t  measurements w e r e  m d e  f o r  the total 

experiment t i m e .  Because of t h i s ,  only p l o t s  of t he  t o t a l  ae roso l  

s e t t l i n g  and p l a t eou t ,  and of s e t t l i n g  and p la teout  mass r a t i o s ,  are 
shown. 

F i n a l l y ,  Figs. 5 5  through 59 present  t h e  AblMD and geometric 

s tandard  dev ia t ion  r e s u l t s  f o r  t h e  second s e t  of v e s s e l  c a l c u l a t i o n s ,  

and ca l cu la t ed  e r r o r s  f o r  t hese  parameters are shown in Table 32. 

As f o r  t h e  f i r s t  set of c a l c u l a t i o n s ,  the  ae roso l  concent ra t ion  

r e s u l t s  shown i n  Figs. 42  t o  47 show t h a t  most ca lcu la t ions  tended t o  
overpredic t  the a i rborne  concentrations a t  long t i m e s .  Note though, that 
i n  Fig.  42 t h e  d i f f e rence  i n  mass a i rborne  between the  r e s u l t s  of all 

c a l c u l a t i o n s  a t  150,000 s i s  only about 2.5 g, a small value. The resd ts  

i n  Table 3 1 ,  when compared t o  those in Table 2 4 ,  show t h a t  the con- 

p a r i s m s  of t o t a l  and MnO a i rborne  coneentratfoaa are improved f o r  the 

second set of calculations. 
job of p red ic t ing  the CsQH concent ra t ions  for the second set of calcula- 

t i o n s .  

However, none of t he  codes d id  an adequate 

Figures 44 and 45 show t h a t  a drop in CsQH concent ra t ion  occurred 
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s h o r t l y  after 3,600 s; t h i s  drop was not predicted by any of the  codes. 
Because of t h i s ,  as i l l u s t r a t e d  i n  Table 31,  most of the  CsOH concentra- 

t i o n  ca l cu la t ions  d i f f e r e d  from the measured results by more than 100%. 

Figure 48 shows comparisons of ca lcu la ted  and measured airborne 
ae roso l  mass r a t i o s  f o r  the  AEROSIM-M, CONTAIN, and QUICK-M ca l cu la t ions  

( a l l  o the r  code ca l cu la t ions  held t h e  mass r a t i o  f ixed  a t  a value of 
2.43). 

Figure 15 f o r  t h e  f i r s t  set of ca lcu la t ions ,  none of t h e  codes accura te ly  
pred ic ted  the  measured mass r a t i o s -  

Although these r e s u l t s  are b e t t e r  than those i l l u s t r a t e d  i n  

Figures  49 t o  51 a r e  p l o t s  of t o t a l  s e t t l e d  mass vs t i m e  foe  t>3,SOO s 

( a s s d n g  t h a t  a t  t=3,600 s,  t h e  s e t t l e d  mass = 09, and of t he  s e t t l e d  
mass r a t i o  vs t i m e .  The amount of aerosol  s e t t l i n g  f o r  t>3,600 s w a s  not 

measured; therefore ,  only the  ca lcu la ted  values f o r  t o t a l  s e t t l e d  mass 

are shown. I f  we compare the  r e s u l t s  in Figures  49 and 50 with those 

in Figures 16 and 17, we note  t h a t  t he  t o t a l  ca lcu la ted  s e t t l e d  mass f o r  

t h e  second set of ca l cu la t ions  was about half  t h a t  ca lcu la ted  for the  

f i r s t  set. This is  explained by the  f a c t  t h a t ,  f o r  the  f i r s t  set of 

ca l cu la t ions ,  aerosol  concentrat ions a t  t=3,600 s were over-predicted by 

about a f a c t o r  of 2. 

The code r e s u l t s  i l l u s t r a t e d  i n  Figures 16 and 17 predicted t h a t  

very l i t t l e  s e t t l i n g  occurred during the  aerosol  source period. I f  w e  
assume t h i s  t o  be t rue ,  then most of the  f i n a l  ca lcu la ted  s e t t l e d  mass 

values  shown i n  Figs. 49 and SO compare q u i t e  w e l l  with the  o v e r a l l  measured 
value of 13.86 g. 

Figures  52 t o  54 are p l o t s  of ca lcu la ted  t o t a l  plated mass and of t he  

p l a t ed  mass r a t i o  fo r  t>3,600 S. These r e s u l t s  a r e  s imi l a r  t o  those i n  

Figs. 24 and 25. I f  we again assume, based on code r e s u l t s  i n  Figs.  24 

and 25, t h a t  p la teout  was minimal f o r  t<3,6OO s; then, as f o r  the  f i r s t  
set of ca l cu la t ions ,  most of t he  codes under-predicted the  aeasured t o t a l  

p l a t eou t  of 11.87 g. 

Figures  55 t o  59 and Table 32 show t h e  AMMD and geometric standard 

Comparing the  ranking r e s u l t s  in Table 30 with devia t ion  (og) r e s u l t s .  



those  i n  Table 26, we see t h a t  code p red ic t ions  f o r  AMMD and ag improved 

for t h e  second set of ca lcu la t ions .  However, t h e  MCT-2, R E M O V a ,  and a l l  
NAUA r e s u l t s  (except those from EPRI) showed sharp drops i n  ca l cu la t ed  cfg 

s h o r t l y  a f t e ~  3,688 s ( for  each sf t h e  codes the  f i r s t  d a t a  po in t  s h a m  on 

the p l o t s  is at  3,900 a>; t hese  drops do not  c o r r e l a t e  with the  measured 

va lues  e 

Far this set of ca l cu la t ions ,  we  had s u f f i c i e n t  da t a  from the  MCT-2 

(NYPA) , NAUA-5 ( I T ) ,  and REMOVAL (JN) c a l c u l a t i o n s  t o  r e c a l c u l a t e  values 

of the geometric standard dev ia t ion  (GSD) f o r  t i m e s  s h o r t l y  a f t e r  3,600 s. 

There are a number of ways t h a t  the  GSB can be de temined ,13  but the  gen- 

e r a l i z e d  a n a l y t i c a l  formula used to c a l c u l a t e  i t  i s :  

ln(GSB) = [C(mi(lndf - ln&)’)/MIas5 (7) 
1 

where 

GSD = geometric standard dev ia t i an  

m i  = t h e  mass of p a r t i c l e s  wi th  diameter d i  

d, = I o g a r i t W e  mass-mean diameter = wilndi  

wi = mass f r a c t i o n  o f  ae roso l  wi th  diameter d i  
M = t o t a l  a i rborne  aerosol. mass 

This  method to c a l c u l a t e  t he  GSD i s  being used t o  analyze the  impactor 

data and t o  determine t h e  code-calculated GSDs for the LA2 p o s t t e s t  code 

comparisons. 1 4  

If t h e  ae roso l  s i z e  d i s t r i b u t i o n  is  log-nortml, t he  GSD can be 

determined from e i t h e r  of eke fallowing two formulas: 

GSD = d50/d15,8 (8 
or 

GSD = d84.13/d50 ( 9 )  

where 
: 15.8% of t h e  aerasol. mass consists of p a r t i c l e s  having d15.8 

s i z e s  less than t h i s  diameter 

d5o : 58% of the ae roso l  mass c o n s i s t s  o f  p a r t i c l e s  having 
s i z e s  less than this diameter (d50 i s  the mass-median 

diameter) 

d84.13 : 84=13% of t h e  aerosol mass conststs of p a r t i c l e s  having 
s i z e s  less than t h i s  diameter 



Table 33 presen t s  comparisons of our ca l cu la t ed  values of t he  GSD 

w i t h  t h e  values ca l cu la t ed  by t h e  MCT-2 (NYPA), NAUA-5 ( I T ) ,  and REMOVAL 

( J N )  code versions. The following comments can be made about t h e  d a t a  i n  

t h i s  t ab le :  

1. Equations 8 and 9 c o n s i s t e n t l y  g ive  d i f f e r e n t  estimates of t he  

GSD; and i n  all cases, the  GSD ca lcu la t ed  by Eq. 8 i s  less than 

t h a t  ca l cu la t ed  by Eq. 9. which i l l u s t r a t e s  that t h e  code 
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  is  not log-normal. Therefore (as 

w a s  discovered by J. H. Wilson i n  a n a l y s i s  of t he  LA2 p o s t t e s t  

d a t a l 4 )  w e  recommend that  a l l  codes should c a l c u l a t e  the  GSD 

us ing  Eq. 7 ,  t he  genera l ized  formula t o  c a l c u l a t e  t he  standard 

devia t ion .  
2. The r e s u l t s  i n  Table 33 show t h a t  for t i m e s  g r e a t e r  than 3,600 

s, t h e  MCT-2 (NYPA), NAUA-5 ( IT) ,  and REMOVAL (JN) codes did 

n o t  c o r r e c t l y  c a l c u l a t e  t he  GSD as determined using Eq. 7. 
These codes under-calculated the  GSD, which i s  cons i s t en t  with 

t h e  results i l l u s t r a t e d  i n  Figs. 58 and 59. It is  i n t e r e s t i n g  

t o  note  that t h e  NAUA-4 (EPRI)  code uses Eq. 9 t o  c a l c u l a t e  

the GSD, and t h a t  ( a s  shown i n  Fig. 59) t he  NAUA-4 (EPRI) ver- 

s i o n  d id  better than o the r  NAUA vers ions  i n  ca l cu la t ing  it. 
3. The NAUA-5 (IT) r e s u l t s  in Table 31 for 3,600.1 s suggest t h a t  

t h e  size d i s t r i b u t i o n  a t  that t i m e  was not log-normal. How- 

ever ,  t h a t  suggestion does not make sense, s ince  the  calcula- 

t i o n  w a s  s t a r t e d  a t  3,600 s; w e  do not have an explanation f o r  

t h i s  r e s u l t .  

Table 33. Comparisons of geometric standard dev ia t ions  (GSD) 
ca lcu la t ed  by d i f f e r e n t  methods (Eqs. 7-9) with code r e s u l t s  

Code 
T e s t  t i m e  Equation No Code ca l cu la t ed  

(SI 9 8 9 

MCT-2 (NYPA) 4,800 2.12 2.30 2 043 1 . 7 0  
NAUA-5 ( I T )  3,600.1 2.57 2.39 2.87 2.66 
NAUA-5 (IT) 5,470 2.19 1.98 2.55 1.72 
REMOVAL (JN) 4,800 1.99 1 e 8 4  2 022 1.58 
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Once more w e  be l i eve  t h a t  d i f f e rences  i n  w a l l  p la teout  modeling, and 
i n  p a r t i c u l a r ,  how steam condensation on the  w a l l s  w a s  modeled, bad the  

major i n f luence  on d i f f e rences  i n  ca l cu la t ed  r e s u l t s .  Table 34 sum- 

marizes d i f f e rences  in w a l l  plateout modeling assumptions used by she 

d i f f e r e n t  eode a ~ ~ l y s t s .  we d f l  d s o  discuss  how these permeters 
in f luenced  t h e  d i f f e ~ e n t  code ~ e s u l t s .  

The same modeling assumptions were used  OS t he  f i r s t  and second 

sets of ca l cu la t ions .  For t h e  second ca l cu la t%sn ,  t h e  code predic ted  

that 2.0 g o f  aerosol w a s  removed by thermophoresis and d i f fus ion ,  and 

t h a t  2.7 g was removed by di f fwsiophores i se  These p l a t eou t  values are 
less than i n  t he  f i r s t  vessel r e s u l t s  because the a i rborne  concent ra t ion  

used t o  stam t h e  caleuabation (a t  3,600 s)  was less than the predic ted  

cancentmeion  a t  3,600 s i n  the "first set6' caPcnIation, 

GOMTAIN ( o m )  
The v e s s e l  p ressure  used t o  start t h i s  c a l c u l a t i o n  ( a t  3,600 s)  w a s  

greater: than atmospheric (recall t h a t  t he  pressure  a t  3,600 s w a s  less 
than  atmospheric in t h e  f i r s t  vessel  c a l c u l a t i o n ) .  Because of t h i s ,  

"back-flow"' of gas from t h e  surroundings i n t o  t h e  v e s s e l  d id  not occur 

u n t i l  19,200 s (compared t o  4,800 s f o r  t h e  first set ca l cu la t ion ) .  

because of t h e  back-flow, small amounts of water ae roso l s  were ca l cu la t ed  

t o  become a i rbo rne  for times greater than 19,200 s o  The amount of water 

on the ae roso l s  w a s  always less than -1% of the  solid ae roso l  mass. 

Again, 

CONTAIN ca l cu la t ed  t h a t  water condensation on the  ves se l  walls 
s t a r t e d  somewhere between 14,620 and 19,240 s; it w a s  i n i t i a t e d  when w a l l  

temperabures became less than the  atmosphere s a t u r a t i o n  temperatures. In 

t he  test., however, measured w a l l  temperatures were not below s a t u r a t i o n  
va lues  u n t i l  33,000 S. The values of steam condensation rates ca l cu la t ed  

by CONTAIN are high compared t o  those we ca l cu la t ed  in Table 11. Because 

of these  d i f f e rences ,  CONTAIN i s  probably over-estimating d i f fus iophore r i c  
p l a t eou t  f o r  the second set of ca lcu la t ions .  Note in comparing the  p la te -  
out r e s u l t s  i n  Figs. 23 and 52 CONTAIN ( O m )  ca lcu la t ed  mre p la t eou t ,  

f o r  03,600 s, f o r  the  second set of r e s u l t s  than the  o the r  codes, 
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Table 34. Summary of major code-input assumptions 
for  second set of vessel calculations 

Code 

Modeling o f  
steam Condensation 

in vessel 

Wall 
temperature 
gradients 

AEROSIM-PI Same as for first set of 2 W c m  f o r  
(UK) of calculations (see Table 28) t>3,600 s 

CONTAIN 
(ORNL) 

CONTAIN 
(UK) 

NAUA-4 
(NC ,EPRI) 

NAUA-4 
( c ,EPRI) 

NAUA-5 
(FN) 

QUICK-M 
( BCL 1 

REMOVAL 
(JN) 

Wall condensation calculated to a 
start sometime between 14620 and 
19,240 s. Average condensation rate 
for 19,240 to 33,000 s was 7.7 g /s ,  
f o r  33,000 60 76,020 8 2.23 g/s,  
no condensation after 76,020 s 

Significant water condensation 
calculated to start slightly 
before 10,OQO sc Average 
steam removal rates were 
5.5 g/s for 10,000 to 20,000 s, 
4.5 g/s for 20,000 to 33,000 s ,  
2.6 g/s f o r  33,000 to 80,000 s, 
0.08 g/s for 80,000 to 150,000 8 .  

a 

No steam condensation a 

No steam condensation None 

Same as for first set of None 
calculations (see Table 28) 

No steam condensation None 

Same as f o r  first set of None 
calculations (see Table 28) 

Same as for f i r s t  see 0% None 
calculations (see Table 28) 

Wall calculation assumed to a 
start at 33,OQO s. Condensation 
rates used were 2.5 g/s at 33,000 8 ,  

2.1 g/s at 60,000 s, 0.03 g/s 
at 100,000 s, 0.66 g/s at 150,000 s 

Same as fo r  f i r s t  set. of 6.4aC/cm at 
calculations (see Table 28) t * 3,600 s, 

1.14'C/cm at 
24,000 s ,  
0.17°C/cm at 
150,000 s 

aData not provided for this parameter. 
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CONTAIN (UK) 

Small amounts of water condensation onto the  ves se l  bottom head SUP 

face were! p red ic ted  between 3,900 and 10,000 sa The mjos water conden- 

s a t i o n ,  onto the v e s s e l  cy l inder  w a l l s ,  was predic ted  t o  start a t  about, 

10,000 s. This condensation occurred because the ca lcu la t ed  wall t e m -  
pera tu re  was less than the  v e s s e l  atmosphere s a t u r a t i o n  temperature. The 

ca l cu la t ed  w a l l  temperature a t  1Q,000 s was about 82°C; however, the  

average measured w a l l  temperature a t  10,000 s was about 103'C. 

t h e  CONTAIN (UK) c a l c u l a t i o n  p red ic t s  water eondensation to s t a r t  earlier 

than observed in  the test ,  we  be l ieve  that deposition by diffusiophoresis 

was overestimated (as i n  t he  O'RNL calcu%at%on). 

Because 

MCT-2 (NYPA) 

The MCT-2 c a l c u l a t i o n  w a s  getformed f o r  times up to 60,000 s; 

at t h a t  time 7 g of ae roso l  was s t i l l  ca lcu la t ed  t o  be a$rborne. Because 

(as i.n t h e  f irst  ca lcu la t ion )  n e g l i g i b l e  w a l l  p l a t eou t  w a s  c a l cu la t ed ,  we 

estimate that the t o t a l  ca l cu la t ed  s e t t l e d  mass wau%cl be 13.4 -b 9.0 = 20.4 

g. This amount is l a r g e r  than the s e t t l i n g  ca l cu la t ed  by the  other codes, 
but it. is within 50% of t h e  o v e r a l l  s e t t l e d  mass. F i n a l l y ,  as i n  the  

previous ca l cu la t ions ,  t h e  code does not c o r r e c t l y  c a l c u l a t e  the  AMMD. 

NAUA-4 [N@,C (EESKX)]. 

The EPWI vers ion  of NAUA again hiad an e r r o r  in. the  Bi f fus iophores i s  

model t h a t  caused it t o  over-calculate d i f fus iopha res l s  by about. a f a c t o r  

Qf 2 s  

NAUA-5 [NC,C (IT)] 

Once more one c a l c u l a t i o n  was performed ('"NC") in which steam con- 
densation on the  w a l l s  was modeled, while in t he  other c a l c u l a t i o n  (",") 

steam condensation on the  w a l l s  and on p a r t i c l e s  was madeled. me code 
inpu t s  were the same as ~ O K  the  f i r s t  s e t  of ca l eu la t ions .  When eonden- 
satisn on the aerosols  was m d e l e d 9  s h o r t l y  a f t e r  33,000 s t he  ae roso l s  
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grew t o  l a rge  s i z e s  (as i l l u s t r a t e d  i n  Fig. 
t h e  aerosol  s e t t l i n g  r a t e  t o  sharply increase  s h o r t l y  after 33,000 s 

(Fig. 50). As f o r  t he  previous r e s u l t s ,  t he  AMMD based on "dry" aerosol  

mass w a s  s i g n i f i c a n t l y  l e e s  than t h a t  including t h e  water. For example, 

a t  60,468 s the  ca lcu la ted  AMMD was 31.8 tun but the  AMMI ca lcu la ted  f o r  

t h e  dry aerosol  mass w a s  0.97 pm. 

57); t h i s  enlargement caused 

The NAUA-5,C ( I T )  ca l cu la t ion  w a s  t he  only one performed i n  which 

water Condensation onto the aerosols  w a s  ca lcu la ted ;  CONTAIN models water 
condensation onto aerosols  but did not c a l c u l a t e  i t  to  O C C ~ r e  It is 

i n t e r e s t i n g  t o  note  t h a t ,  at 68,468 s the  ca lcu la ted  mass of water on the 

ae roso l s  w a s  about 100 t i m e s  the  dry aerosol  mass. 

I n  our ana lys i s  of t he  GSD ca lcu la t ions  (Table 31),  we discovered 

t h a t  the NAUA-5 ( I T )  code does not co r rec t ly  calculate the  AMMD, f o r  the  

saute reasons t h a t  t he  MCT-2 and QUICK-M codes did not ca l cu la t e  it 

co r rec t ly .  This s i t u a t i o n  suggests t h a t  the  AMMD r e s u l t s  f o r  t he  f i r s t -  
set vessel ca lcu la t ions  were a l s o  i n  e r ro r .  

QUICK-M (BCL) 

Deposition by d i f fus iophores i s  w a s  modeled i n  t h i s  ca l cu la t ion ;  t h e  

w a l l  condensation rates used were similar t o  those i n  Table 11. QUICK-M 

ca l cu la t ed  t h a t  about 1.9 g of aerosol  was deposited by d i f fus iophores i s ,  

and t h a t  about 0.3 g was deposited by thermophoresis and d i f fus ion .  Note 
a l s o  t h a t ,  as i n  the  previous ca l cu la t ions ,  QUICK-M i nco r rec t ly  calcu- 

l a t e d  the  BE3MD. 

WMOVAL (JN) 

The modeling assumptions used were s imi l a r  t o  those used f o r  the 

f i r s t  set of ca lcu la t ions .  

of 1.9 g, and d i f fus iophore t i c  p la teout  of 4.8 g. These values a re ,  as 

expected, less than the  values ca lcu la ted  i n  the  f i r s t  set of calcula- 
t i o n s .  Note t h a t ,  due t o  the  d i f fus iophores i s  modeling e r r o r ,  d i f -  
fus lophores i s  w a s  again over-calculated. 

The code ca lcu la ted  p la teout  by thermophoresis 
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6 .  SUMMARY AND CONCLUSIONS 

c a l c u l a t i o n s  were performed t o  m d e l  t he  ~ ~ K O S O ~  behavior that 

occurred in LACE test LAI.. Sections 3 t o  5 o f  t h i s  K ~ P O K ~  described com- 

par i sons  of t e s t  data with three sets of aerosol  t r anspor t  calculatloas: 
(1) f o r  aerosol  behavior i n  the 8.063-111 d i m ,  28.9-m-long test  pipe,  

( 2 )  aerosol  behavior i n  the  CSTF v e s s e l ,  f o r  times during and a f t e r  aero- 
s o l s  were input  t o  the  ves se l ,  and ( 3 )  aerosol. behavior i n  the  CSTP 

vesse l ,  f o r  t i m e s  a f t e r  aerosols  were input  to the  vessel .  This  s ec t ion  

presents  a S-KY of the  code-compar%son r e s u l t s  and a d iscuss ion  of 
insights  gained from the  Ul code-comparison e f f o r t .  

S i x  ca l cu la t ions  of aerosol  behavior i n  the  test pipe were 

performed. For the  ca l cu la t ions ,  the codes used fou r  d i f f e r e n t  models 

f o r  t u r $ ~ l ~ = &  aerosol depoaftisn, which was the  major depcssicisn mecha- 

nism in t he  test  fo r  the  flow condi t ions produced. One of %he calcula-  
t i o n s  - t h a t  clone with the  AUX2.9 code - did not, model tu rbulen t  

depos i t ion ,  and t h e r e e w e  could not model. %Re test r e s u l t s .  Because the  

RETA%N-2C, a l o g - n o m 1  code, i n c s r r e c t l y  ca lcu la ted  the change i n  aero- 

s o l  s i z e  as the  aerosol  moved through the pipe,  the r e s u l t s  from t h i s  

code are not l i k e l y  t o  be va l id .  

I n  terms of the  other pipe ca l eu la t imw performed, the T W - m L T 2  

(IT) and T W - m L T 2  (UK) ca lcu la t ions  came the  c l o s e s t  to predic t ing  the 

ae roso l  deposi t ion as a funct ion of d i s t ance  from the p i p e  i n l e t  (note, 
however, t h a t  t he  TRAP-MELT2 (UK) c a l c u l a t i o n  had input  e r r o r s ) .  In 

add i t ion  t o  ca l cu la t ing  the  deposition-vs-length w e l l . ,  they ca lcu la ted  

t h e  t o t a l  depos i t ion  within 20% of the measured value. However, because 
about 98% of the aerosol  input  to the  pipe was  ac tua l ly  deposi ted,  these 

t w o  ca lcu la t ions  over-estimated t ranspor t  out of the  p i p e  by f a c t o r s  of 
f i v e  t o  ten. 

The TW-MELT2 (BCL) ca lcu la t ion  predicted t o t a l  aerosol. deposition 
i n  t he  pipe wi th in  4% of the  measured value,  and under-predicted the 
leaked mass by only 8 f a c t o r  of 2. H O W e V a ,  the  code did an inadequate 
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job of predic t ing  the  aerosol  depos i t ion  vs d is tance  from the pipe i n l e t ;  

i n  p a r t i c u l a r ,  it over-predicted depos i t ion  i n  the  upstream pipe sec t ions  
by about a f a c t o r  of six. This result may be an ind ica t ion  t h a t  the  Wood 

depos i t ion  model8 is not  as v a l i d  as t h e  Friedlander  and Johnstone mode16'7 

used i n  t h e  o the r  TRAP-MELT2 ca lcu la t ions .  It is more l i k e l y ,  however, 

t h a t  t he  30-vm sur face  roughness value used i n  t h e  TRAP-MELT2 (BCL) 
c a l c u l a t i o n  was not appropriate .  

The AEROSIM-M (UK) ca lcu la t ion  was done by using t h i s  containment 

code in a "Lagrangian" mode; t h a t  is, following an aerosol /gas  packet 

moving down the  pipe. This ca lcu la t ion  w a s  performed assuming t h a t  the  
gas  moved through the  pipe at  a f ixed ve loc i ty  of 93 m / s .  However, the  

a c t u a l  ve loc i ty  a t  the  pipe o u t l e t  w a s  about twice t h i s  value, and the  

tu rbu len t  depos i t ion  ve loc i ty  c o r r e l a t i o n  used was dependent on the  5 th  

power of t h e  flow ve loc i ty .  A consequence of this is  t h a t  t he  code 

under-predicted deposi t ion i n  t h e  downstream sec t ions  of t h e  test 
pipe. W e  f e e l  t h a t  if t h e  pipe had been broken i n t o  two or more 

segments, and i f  t h e  ve loc i ty  had been allowed t o  increase  i n  these  
segments, t h a t  the  code r e s u l t s  would have been s i g n i f i c a n t l y  improved. 

It should be noted again t h a t  i t  is not clear i f  aerosol  resuspension 

o r  wall-film flow w a s  an important phenomena i n  tes t  LAl. I f  it did 
occur,  i t  would be expected t o  move upstream depos i t s  i n t o  downstream 

pipe  sect ions.  It should be noted i n  t h i s  regard t h a t  the TRAP-MELT2 and 

AEKOSW-M ca lcu la t ions  a11 over-predicted aerosol  depos i t ion  i n  the  
upstream pipe sec t ions ,  perhaps ind ica t ing  t h a t  aerosols  were t ransported 

from these  regions. 

Twelve " f i r s t  set" ca l cu la t ions  were performed t o  model CSTF vesse l  

ae roso l  behavior during and after the  aerosol  source period. In addi t ion  

t o  providing comparisons of code and test  r e s u l t s  i n  graphica l  form, 

estimates of t h e  e r r o r s  i n  t h e  ca lcu la ted  aerosol  concentrat ions,  

s e t t l e d ,  p la ted ,  and leaked mass values ,  and aerosol  s i z e  parameters were 
made e 

Calculated aerosol  concentrat ions agreed w e l l  with the  measured 
values  during the  aerosol  source period, but they tended t o  over-estimate 
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the  a i rbo rne  ae roso l  mass during the  source p lus  dep le t ion  periods (0 t o  

100,000 s). W e  be l i eve  t h a t  concent ra t ions  were over-predicted l a r g e l y  

because: (1) t h e  aerosol, source value used i n  t h e  c a l c u l a t i o n s  w a s  28% 

higher  than the  sum of t h e  s e t t l e d ,  p l a t ed ,  and leaked mass (Table 6); 

( 2 )  t h e  masure8 aerosol= concent ra t ion  results showed t h a t  t he  a i rborne  

concent ra t ion  s t a r t e d  esr drop a f t e r  about %,SO0 8 ,  an i n d i c a t i o n  t h a t  

a e r o s o l  release from t h e  pipe may have nea r ly  stopped; code c a l c u l a t i o n s  

assumed a cons tan t  ae roso l  release t o  t h e  v e s s e l  f o r  0 t o  3,600 s, and 

(3) a e r o s o l  depos i t ion  in t h e  vessel. a f t e r  33,QOQ s was enhanced due to  

steam condensation e f f e c t s ,  which were not modeled i n  a l l  ca l eu la t ions .  

The AEROSIM-M, CONTAIN, and QUICK-bf codes were t h e  only ones 

inc luding  models for multi-component ae roso l  behavior. However, none of 

these codes d i d  a good job of pred ic t ing  the measured a i rborne  &O/CsQM 

mass r a t i o  as a function of t i m e ,  The l i ~ g e s t :  dev ia t ions  Q C X U P X - ~ ~  f o r  
times g r e a t e r  than 33,000 s, when enhanced removal of C s O H  ae roso l  

occurred. 

For t h e  f i r s t  set of v e s s e l  ca l cu la t ions ,  most esdes over-predicted 

the t o t a l  ae roso l  s e t t l i n g  and leakage - l a r g e l y  because of using the 

prescr ibed  lmcorrect ae roso l  source - and under-predicted the t o t a l  aero- 
s o l  p la teout .  Most codes ca l cu la t ed  the  s e t t l e d  and leaked mass values 

wi th in  a f a c t o r  of 2.  F ~ K  code c a l c u l a t i o n s  where d i f fus iophores i s  w a s  
mot modeled, p la teout  w a s  under-estimated by more than a factor of 5 .  

When B i f f u ~ i ~ p h ~ ~ e s i ~  w a s  included, roughly ha l f  sf the codes ca%culated 

t h e  measured p l a t eou t  wi th in  a f a c t o r  of 2. 

Overall e r r o r s  i n  ca l cu la t ed  AMMD w e r e  less than 33%, while o v e r a l l  

errors i n  ca l cu la t ed  geometric standard dev ia t ion  were less than 26%. It 

i s  not t o t a l l y  s u r p r i s i n g  t h a t  t he  AMMD could be ca l cu la t ed  w e l l  fal: LAL, 
s i n c e  t h i s  w a s  a low-concentration ae roso l  tes t  i n  which agglomeration 

w a s  not s i g n i f i c a n t .  Although the  standard dev ia t ion  e r r o r s  were not  

barge, a number o f  codes did  not adequately p r e d i c t  the measured t i m e -  

dependence of t he  standard deviation. 

Di f fe rences  in modeling of p l a t eou t  by d i f fus iophores i s  had a major 
in f luence  on ca l cu la t ed  r e s u l t s .  Some codes a l s o  used inco r rec t  values 
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of gas leakage rates f o r  t < 3,600 s; t h i s  use d i r e c t l y  influenced the  
ca l cu la t ed  leaked-mass values. It w a s  found t h a t  t h e  MCT-2 and QUICK-M 

codes (both based on t h e  aerosol  modeling approach used in t he  QUICK 

code) did not  c o r r e c t l y  calculate t h e  aMMD. The r e s u l t s  from the  NAUA-5, 

C ( I T )  ca l cu la t ion  were p a r t i c u l a r l y  i n t e r e s t i n g  because t h i s  calcula- 

t i o n  attempted t o  model steam condensation onto the ves se l  w a l l s  and onto 

p a r t i c l e s  f o r  times grea t e r  than 33,000 8 .  The ca l cu la t ion  predicted l a rge  

amounts of water condensation onto the aerosols ,  causing the  ca lcu la ted  

AMMD values ( including water) t o  increase  to values in the  range of 20 Pmrn 

However, t h e  ABMD of the  "dry'" (not ineluding steam) por t ion  of the  aero- 
s o l  (which is t h e  size measured with a cascade impactor) w a s  about 1.3 pm. 

That comparison i l l u s t r a t e d  that MlMD comparisons must be ca re fu l ly  done 

f o r  condi t ions where water condenses onto s o l i d  aerosols  

Eleven "second set" aerosol  ca l cu la t ions  were performed t o  model 

ae roso l  behavior after the  aerosol  source period ( t  > 3,600 s ) *  

t hese  ca l cu la t ions ,  t he  measured airborne concentrat ion and s i z e  a t  3,600 

s w e r e  provided as code input.  

t o  the  f i r s t  set of ca lcu la t ions)  of ca l cu la t ing  t h e  t o t a l  a i rborne  aero- 

sol concentration; however, most s t i l l  tended t o  overestimate the  con- 

c e n t r a t i o n  at  long t i m e s .  

a e r o s o l  concentrat ion t h a t  occurred between 3,600 and 3,900 s; because of 
t h a t ,  a l l  codes did an inadequate job  of pred ic t ing  the CsOH concentrat ion 

behavior f o r  t > 3,900 s. We bel ieve t h a t ,  as i n  the  previous calcula- 

t i o n s ,  d i f fe rences  between measured and ca lcu la ted  concentrat ions a t  long 

t i m e s  were l a rge ly  due t o  unce r t a in t i e s  i n  modeling the  inf luence of 

steam condensation on aerosol  behavior. 

For 

All codes did an improved j o b  (compared 

None of t h e  codes predicted the drop i n  CsOH 

Differences were again observed between the  measured and ca lcu la ted  

values  of geometric standard deviat ions.  The MCT-2, REMOVAL, and all 

NAUA r e s u l t s  except those from EPRI showed sharp drops i n  ca lcu la ted  og 

s h o r t l y  a f t e r  3,600 s; t hese  drops did not c o r r e l a t e  w i t h  the  measured 
r e s u l t s .  Also, ca lcu la t ions  i l l u s t r a t e d  t h a t  these codes did not cor- 
r e c t l y  c a l c u l a t e  the standard deviation. W e  recommend t h a t ,  s ince  air- 

borne aerosol  s i z e  d i s t r i b u t i o n s  are unl ike ly  t o  be log-normal, t h a t  all 



d i s c r e t e  codes should use the  genera l ized  formula (Eq. 7 in this r e p o r t )  
t o  determine the  geometric standard deviation. Xn add i t ion ,  experhew- 

taliats should a lso  use that formula to determine standard devia t ions  of 
the measured values. If both of these  s u g g e s t i o ~ s  are done, thew f u t u r e  
code comparisons Of a C % P O S S l  Size  a Z P ,  b@ TLEIde QQL 8 eons$SttXl% basis. 

As p a r t  of our eva lua t ions  of the second set of v e s s e l  ca leu la t iows ,  

we foumd t h a t  t h e  I t a l i a n  vers ion  of NAUA-5 d id  not: c o r r e c t l y  c a l c u l a t e  

t h e  AMM) (whish suggests t h a t  t he  same was t r u e  f o r  the  f i r s t  set of 

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

QUF evalua t ions  showed t h a t  a l l  o f  the JAl CONTAIN c a l c u l a t i o n s  

( f i r s t  and second set) predic ted  t h a t  water condensation onto the  vessel 

w a l l s  would occur earlier than i t  a c t u a l l y  d i d  i n  tho test; t he re fo re ,  

d i f f u s i o p h o r e t i c  depos i t ion  was aver-calculated,  

We be l i eve  t h a t  some f i n a l  o v e r a l l  comments on the LA1 pos t t e s t  code 

comparisons are i n  order: 

1. 

2. 

3 .  

Considering t h e  complexity 06 ae roso l  t r anspor t  through the  

t es t  p ipe  a t  the  high v e l o c i t i e s  produced i n  LAL, the  r e s u l t s  

from t h i s  f i r s t  e f f o r t  t o  c a l c u l a t e  ae roso l  depos i t ion  in p i p e s  

are q u i t e  encouraging. 

Overall ,  the  r e s u l t s  from the  vessel ca lcu la t ions  are a l s o  
encouraging. In mny cases t h e  eodes ca l cu la t ed  aerosol 

s e t t l i n g ,  p l a t eou t ,  and aeraaof t r anspor t  eo t he  scrubber t o  

va lues  wi th in  a f a c t o r  of 2 of those measured. 
P a s t  code-comparisoas f o r  containment ae roso l  behavior have 
concentrated on comparisons of the  a i rborne  aerosol. 

concentration. We bel ieve  and would l i k e  t o  emphasize, how- 

ever ,  t h a t  comparisons o f  ca lcu la t ed  ae roso l  s e t t l i n g ,  p la teout ,  
leakage, and s i z e  are more important than concent ra t ioa  
comparisons. I n  particular, ae roso l  concent ra t ion  comparisons 
can look *wvalido' when the i n d i v t d u l  values of ae roso l  s e t t l i n g ,  

p l a t eou t ,  and leakage are incorrect. 
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4. 

5 .  

All code developers and code users  should determine i f  t h e i r  

codes are ca l cu la t ing  the  AMMD and the  GSD cor rec t ly .  

discussed previously,  we be l ieve  t h a t  a l l  codes should use the  

genera l  formula, Eq. 7 ,  t o  c a l c u l a t e  t he  GSD. 

As was 

W e  be l ieve  t h a t  a bl ind code-comparison is not only a test of 

computer codes but a l s o  of the. code modelers. The r e s u l t s  i n  

t h i s  r epor t  i l l u s t r a t e  t h a t  a major source of e r r o r  i n  code 

ca l cu la t ions  can be r e l a t e d  t o  code input  assumptions used by 

some code use r so  
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