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Abstract 

Six large-scale air cleaning tests performed in the Contain
ment Systems Test Facility (CSTF) are described. The test 
conditions simulated those postulated for hypothetical accidents 
in an LMFBR involving containment venting to control hydrogen 
concentration and containment overpressure. 

The CSTF is a 850-m 3 steel vessel within which various types 
of sodium aerosols are generated and characterized to provide an 
aerosol source for air cleaning tests. In the present test series, 
the aerosol was generated overa 30-hr period of time by continuously 
spraying sodium into air. Steam and/or carbon dioxide was added to 
create the desired Na202, Na 2C0 3 or NaOH aerosol. Suspended 
concentr~tions up to 50 g/m 3 and ·particle sizes from 1.1 to 6.5 urn 
aero dynamic mass median diameter were tested. 

Two air cleaning systems were tested: (a) spray quench 
chamber, eductor venturi· scrubber and high efficiency fibrous 
scrubber in series, and (b) the same except with the spray quench 
chamber eliminated. The gas flow rates ranged up to 0.8 m3 /s 
(1700 acfm) at temperatures to 313°C (600°F). Quantities of 
aerosol removed from the gas stream ranged up to 700 kg per test. 

The systems performed very satisfactorily, with overall 
aerosol mass removal efficiencies exceeding 99.9% in each test. 
Information is presented on depos~tion of aerosol in inlet ducts 
and other operational behavior. 

I. Introduc-tion 
. .: 

An air cleaning development program is in progress at the 
Hanford Engineering Development Laboratory (HEDL) which has the 
objective of developing and demonstrating, at a large scale, air 
cleaning systems for application in LMFBR plants during hypo
thetical accident conditions. Because LMFBR accidents involving 
very high sodium aerosol concentrations can be postulated, a 
requirement.of the air cleaning system is that it have high mass 
loading properties (to 10 5 kg) as well as high removal efficiency 
(>99%) for aerosol particles. 
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An evaluation of current air cleaning technology as applied 
to postulated LMFBR accident conditions showed that aqueous 
scrubbers had the best potential for meeting the requirements, but 
that no single scrubber could att~io the dual requirement of high 
mass loading and high efficiency.t 1 J Therefore, a system comprised 
~of several types of scrubbers in series was selected for de~onstra
tion. Four tests, (AC1-AC4) were performed with a 3-stage scrubber 
system and two tests (AC5-AC6) with a 2-stage system. 

The test aerosol in all six tests was generated by spraying 
sodium continuously intp an air filled model containment vessel 
to create various chem~cal forms of sodium aerosols. It is 
generally agreed that aged aerosols of differing source materials 
will coagglomerate so that all individual particles have the same 
chemical composition. Thus, in an accident where radioactive 
substances were released along with the sodium, condensible 
radioactive materials would nucleate and form solid or liquid 
aerosol particles which would rapidly co-agglomerate with the 
sodium aerosol particles. Because the sodium mass concentration 
greatly exceeds that of the radioactive material, the transport 
and deposition behavior of the multi-component aerosol is nearly 
identical to that of sodium-only aerosol. An exception to this 
concept of uniform aerosol composition could develop if. a volatile, 
condensible fission product compound, e.g., Nai, existed as a vapor 
in the containment atmosphere but nucleated to very small particles 

- during passage through a scrubber system. An evaluation of the. 
removal of Nai vapor in an aqueous scrubber system showed that 
a 3-component system sucb ~s was tested in the present work would 
remove> 97% of the Nai.( 2 J To confirm this calculation, Nai vapor 
was added to the scrubber inlet in tests AC-3 and AC-4. 

In one test (AC-5); the system was operated at degraded flow 
conditions to demonstrate the effect on scrubber efficiency and 
pressure drop. The results of all six tests are discussed in this 
paper. 

II. Experimental Arrangement 

Test Facility 

The large-scale demonstration tests were performed in the 
Containment Systems Test Facility (CSTF). The chief feature of .. 
the CSTF is an 850-m steel contain~ent ves~el, 20.3 m high. Th~! 
CSTF has been described previously.t 3

' ~~ 5 ) Up to 1250 kg of 
sodium can be discharged into the containment vessel to create a 
pool or spray fire aerosol source. For the :tests discussed in this 
paper, the aerosol was generated by continuously spraying sodium 
for approximately 30 hr with an air atmosph~re in the containment 
vessel. In some tests, steam and/or carbon dioxide was injected 
to simulate the release of gas and water vapor from concrete 
heated by the accident thermal conditions. i 
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Test Articles 

The three-component scrubber system used in tests AC-1 
through AC-4 consisted of a quench tank (QT), an: eductor venturi 
scrubber (VS), and a high efficiency fibrous scrubber (FS) in 
series~ A flow diagram is shown in Figure.l and a photograph of 
the system as installed in the CSTF is shown in Figure 2. In tests 
AC-5 and AC-6, the quench tank was removed and only the venturi 
and fibrous scrubbers were used, as shown in the flow diagram, 
Figure 3. One other difference in the two test series was that 
the inlet duct leading from the containment vessel to the scrubber 
system exited from low in the

1
containment for the first four tests 

and from high in the containment for the last two. This change 
was made to be more comparable to an actual plant design, but had 
no effect on the performance of the scrubbers. Details of the 
three scrubbers are shown in Figure 4. 

Quench Tank. The purpose of the QT was to cool hot gases 
received from the containment vessel. Either of two banks of 
l/2-G26* aqueous spray nozzles was operated at various flow rates. 
The spray drop size was 2600-~m AMMD. A 2.15~m 3 liquid holdup tank 
and pump were provided. The vessel was faqricated of carbon steel 
with unpainted interior surfaces. Although intended to act 
primarily as a gas cooler, the QT also served to remove the larger 
aerosol particles and to humidify the gas. 

Venturi Scrubber. The purpose of the VS was to reduce the 
aerosol concentration sufficiently so that the fibrous scrubber 
would not plug. The VS was a jet ejector type, providing 250 Pa 
pressure gain when operated at 3.2 1/s liquid rate and 0.47 m3 /s 
gas flow rate. All gas flow rates in this paper are measured at 
standard conditions of 0°C, 1 atmosphere. The design particle 
removal efficiency was 90% for 5-~m AMMD, 3.0 ag aerosol. A 
liquid storage tank and recirculating pump was provided. The VS, 
2.15-m 3 tank, pump and lines were carbon steel. 

Fibrous Scrubber. The FS consisted of a 5.8-m2 polypropylene 
fiber element mounted within a steel housing. The fiber element 
was a 610-mm OD by 3050-mm length hollow cylinder with 76-mm thick 
wallB. A hydraulic s~ray .nozzle provided a mist which washed the 
fibers. The design efficiency was 99% at 0.47 m3 /s, with a 1500-
Pa pressure drop. Large particles were collected by impaction 
and interception. Small :particles were removed with good 
efficiency by diffusion.· -

i 

Ancillary ~quipment. Two standard HEPA filt~rs were located 
downstream of the fibrous scrubber. An exhaust fan, duct, flow 
control equipment, and instrumentation.(temperatur~, pressure, 
aerosol characterization) completed the test syste~. 

*Spraying System Co., Wheaton, Illinois. 
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FIGURE l. 

FIGURE 2. 
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Test Procedure 

Sodium was sprayed continuously into the air atmosphere 
within the sealed CSTF containment vessel (CV). After conditions 
had stabilized, the CV was vented through the scrubbers, reducing 
the CV pressure from 70 kPa to zero with~ 16 minutes. The ·vent 
flow rate was controlled at 0.47 std. m3 /s by a butterfly valve 
in the 260-mm diameter duct leading from the CV to the· scrubbers. 
When the pressure was nearly zero, the exhaust fan was started 
and the flow rate WqS controlled by an orifice meter and down
stream valve for the duration of the test. When the CV pressure 
became slightly negative, a CV inlet valve was opened to provide 
the source of purge air. Aerosol samples were taken periodically 
from four locations in the CV and upstream and downstream of each 
scrubber component. Liquid from each of the three scrubber tanks 
was sampled periodically. The gas and liquid flbw rates to the 
scrubbers were varied. At the end of the test, the downstream HEPA 
filters were destructively analyzed·for sodium and iodine. All 
vessels and equipment were washed and a material balance was made. 
Samples were analyzed for sodium by acid titrimetry or flame emis
sion spectrometry. Nai analyses were by colorimetry. 

Test Conditions 

The test conditions, are summarized in Table I. The chief 
differences between tests were the type of air cleaning systems, 
the type of test aerosol, and the sodium spray rate. 

III. Experimental Results 

Test Aerosol Properties 

Knowledge of the properties of the test aerosol was important 
for a meaningful evaluation of the performance of the air cleaning 
equipment. Approximately 400 samples were taken during each test 
to characterize the aerosol as to size diitribution, suspended 
mass concentration and chemic~l composition. The aerosol proper
ties are summarized in Table II. The aerosol was typical of that 
produced in earlier sodium pool fires and ~odium spray tests in 
the CSTF; ( 5 ' s·) 

Thermal Hydraulic Performance 

The hot gas from the containment vessel was cooled effective
ly when the design flow rates of gas and liquid were used.· Table 
III shows that the combination of quench tank and venturi brought 
the gas leaving the venturi scrubber to essentially thermal 
equilibrium with the.liquid leaving the venturi(< l°C difference). 
When the quench tank·was removed, the venturi was not able to cool 
the gas as well, but cooling was adequate (2.2°C difference · 
between exit gas and liquid) when the ratio of liquid to gas flow 

' l 
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I . l 
' ! 



Air Cleaning(System 
Components a; 

Dominant Aerosol Chemical 
Form 

Na spray rate, avg, g/s 

Duration .of Na Spray~ min 

Total Na Sprayed, kg 

Sceam flow to CV, avg, g/s 
C02 flow to CV, avg, g/s 

Dewpoint in CV atmos., avg, °C 

Gas flowrate to ~cfubbers, 
avg, std. m3/slbJ ·· 

Total gas to scrubbers, std. m3 

Total aerosol vented/purge~, 
kg Na 

Total Nai to scrubbers, g Nai 

'I 

TABLE I. Test Conditions 

ACl 

QT,VS,FS 

Na202 

5.47 

2145 

704 

0 

0 

-10 

0.103 

10,100 

37.6 
0 

AC2 

QT,VS,FS 

NaOH 

6.98 

1830 

766 

5.0 
0 

21 

0.204 

17,480 

128.0 

0 

AC3 

QT,VS,FS 

Na2C0 3 

4.14 

2200 

547 

4.5 
11.0 

20 

0.153 

17,990 

42.8 

686.6 

AC4 

QT,VS,FS 

Wet NaOH 

5.13 

2490 

767 

4.3 
0 

10 

0.371 
4.8,200 

118.6 

429.8 

AC5 

VS, FS 

NaOH 

9.36 

2175 

1220 

4.0 
0 

1.0 

0.367 
36,680 

284 .3_ 
0 

(a) QT = quench tank, VS = venturi scrubber, FS = fibrous scrubber. 

(b) Standard temperature and pressure, 0°C, 0.101 l\1Pa absolute. 

AC6 

VS, FS 

NaOH 

24.3 

770 
J 1125 

5 .. 9 
0 

9 

0.361 

15,660 

219.9 
0 

--------

lit .... 

..... 
0) -::r 
0 
0 
m 
z 
c 
0 
r
m 
)> 
:rJ 

~ 
:rJ 

0 
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)> 
z 
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G) 

0 
0 
z , 
m 
:lJ 
m z 
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TABLE II. Aerosol Properties 

ACl AC2 AC3 AC4 AC~ AC6 

Suspended cone., (a) g Na/m 3 STP(b) .... 
O'l 

Average 4.66 9.74 2.38 2.46 10.8 22.5 -:r 

Maximum 15.2 20.7 13.5 14.1 12.6 26.8 c 
0 
m 

AMMD(c) z 
Aerosol lJm c 

' n 
Average 3.1 3.7 3.3 3· s--· . 3. J 5.5 

r-
m 
)> 

Maximum 4. 4 6.4 6.5 5.3 3.8 6.0 :::D 
)> 

:::D 
Aer6~6r·geometric std> ·dev~·, a n g· r-

Assoc. with average size 2.8 2.1 2.8 2.3 2.5 2.5 m 
)> 

2.4 
z 

Assoc. with maximum size 2.7 2.2 2.7 2.3 2.2 z 
C) 

Sodium fraction, g Na/g 0.515 0.437 0.434 0.25 0.558 0.458 
n 
0 z 
"Tl m 

-· ·-·- · -------- "'----ra~) 
:::D 

·sodium only. Divide by sodium fraction to obtain total aerosol mass. m 
z 

(";:,) Standard temperature and pressure, 0°C, 0.101 MPa. n 
m 

(G) Aerodynamic mass median diameter. 

----· ---·----- ---·------------·- ·-

---------- ------ ·-
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·rates was at least 0.0056. It is important that the gas entering 
the fibrous scrubber be saturated so that a negligible fraction 
of the fibrous scrubber liquid spray is evaporated. An L/G ratio 
of 0.007 (volume basis) is recommended for the venturi for plant 
applications. 

The maximum pressure drop measured across each scrubber 
during the tests is li~ted in Table III for a nominal gas flow 
rate of 0.47 std. m3 /s (1000 SCFM). The pressure drop across 
each component varies linearly with gas flow rate. Typical measure~ 
ments using room temperature air are shown in Figure 5. Slightly i 

higher pressure drops were measured during tests due to the effects I 
of aerosol and NaOH in the liquid. Because the eductor type , 
venturi induces a positive pressure by the pumping action of the I 
liquid jet, the total pressure differential across all three i 
scrubbers is positive at gas flow rates less than 0.26 m3 /s (550 \ 1 

SCFM). . I 

. A high pressure drop across the fibrous scrubber was 
encountered during test AC-5 (5630 Pa, 22.5 in. H2 0) as a result of; 
a combination of degraded operating conditions intentionally 
imposed on the air cleaning system. The conditions in test AC-5 
which were outside the limits of design criteria were: gas flow 
rate 1.35 times design, venturi liquid flow rate 0.7 times design, 
fibrous liquid flow rate 0.14 times design, and NaOH concentration 
in the recirculated venturi liquid 1.8 times maximum. In addition, 
the liquid to the fibrous scrubber was stopped completely for 2 hr. 
The three-component system used in tests AC-1 - AC-4 could probably 
have handled these degraded conditions without causing the high 
pressure drop noted in test AC-5. During test AC-6, the design 
flow rates were used and the pressure drop was normal (1780 Pa, 
7.1 in. H20) even though the aerosol concentration was approximately 
twice that in test AC-5. 

Sodium Aerosol Removal Efficiency 

The quantities of aerosol, expressed as sodium equivalent, 
retained by each scrubber, the inlet duct and· the backup HEPA 
filter are listed in Table IV for each test. Actual masses were 
approximately twice the sodium values. The integrated removal 
efficiencies are also listed, as calculated from the mass dep6sited 
in each component. There was no significant difference attributable 
to the different aerosol forms. The differences that do appear are. 
explainable by differences in system operating conditions or aerosol 
mass concentration and particle size. For example, liquid flow to 
the quench tank was shut off for eight hours in test AC-4, causing 
the low efficiency of 31.9% compared to an average of 69.0% in the 
other three tests where:a QT was used. Likewise, the high venturi 
efficiency of 94.5% in ~est AC-6 was due to the .. larger aerosol 
particle sizes generated in test AC-6. 
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TABLE III. Scrubber Temperature and Pressure Data(a) 

ACl AC2 AC3 AC4 . AQ2_ AC6 

Quench Tank 

L/G x lOOO(b) 

Max. temp. of inlet gas, °C 

Typical ~T~.exit gas. and liquid, °C 
.... 

··Max. pressure drop, Pa ·· 

Venturi·Scrubber 

. L/G x lOOO(b) 

Max. temp. of inlet gas, °C 

Typical ~T, exit gas and liquid, °C 
Max. pressure·drop, Pa(c) 

Fibrous Scrubber 

L/G x 10 6 (b) 

Max temp. of inlet gas~ °C 

Typical.AT, exit g~s and liquid, °C 

Max. pressu~e drop, Pa 

2.2 

268 

8.3 
80 

5.4 
50 

0.7 

-62 

8.8 
44 

5.5 
1490 

2.1 
313 
8.9 

80 

5.4 
64 

0.2 
-25 

9.1 

51 
0 

1600 

1.7 
256 
4.4 

80 

5.4 
58 

0.3 

-50 

9.1 

56 
2.2 

1990 

1.5 
154 
9.4 

80 

5~4 

54 
0.0 

-125 

9.1 

46 

1.6 
1920 

(d) 

(d) 

(d) 

(d) 

4.3 
150 
8.4 
-50 

9.4 
66 

3·9 
5630 

(a) At nominal gas flow. rate of 0.47 std. m3 /s (1000 SCFM) .. 

(b) Ratio of gas to liquid volumetric flow rates, baseo on. 
inlet conditions. 

(c) Minus sign indicates a pressure gain. 

(d) Not applicable. 

(d) 

(d) 

(d) 

(d) 

5.6 
223 

?·2 
-320 

71 

69 

4.5 
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TABLE IV. Sodium Aerosol Removal Efficiency Based on Post-Test Material Balance 

Test ACl Test AC2 

Component 

Inlet Duct 
Quench Tank 

Venturi Scrubbe~ 

Fibrous Scrubber 
HEPA Filter 
Total 

Average 
-: __ Mass- - Removal 
Collected-·· Efficiency 

kg Na % 

6.420 

24.805 

5.728 
0.6852 

.0.0097 
37.6479 

17.0 
79.4 
89.2 

98.6 
(a) 

99-97(b) 

Mass 
Collected 

kg Na 

53.616 
48.774 
22.681 

2.931 
0.0282 

128.0302 

Average 
Removal 

Efficiency 
% 

41.9 

65.9 
88.5 

91.1 
(a) 

99-96(b) 

.. ····· Test AC4 Test AC5 

Component 

Inlet Duct 
Quench Tank 

Venturi Scrubber 

Fibrcus Scrubber 

HEPA Filter 

Total 

Mass 
Collected 

kg Na 

15.638 
39.000 

55-325 
8.525 

0.071 

118.559 

Average 
Removal 

Efficiency 
% 

13.2 

37-9 
86.5 

99.2 
(a) 

99-93(b) 

Mass 
Collected 

Kg Na 

18.020 
(c) 

215.108 

51.113 

0.049 

284.290 

(a) Not measured, assumed 100% 
(b) Excluding duct and HEPA 
(c) Not applicable 

Average 
Removal 

Efficiency 
% 

6.34 
(c) 

80.8 

99-9 
(a) 

99-98(b) 

Test AC3 

Mass 
Coll_ected 

kg Na 

16.252 

16.389 

8.793 
1.407 
0.012 

42.853 

Average 
Removal 

· .Efficiency 

37-9 
61.6 

86.1 

99.1 

% 

(a) 

99-95(b) 

Test AC6 

Mass 
Collected 

kg Na 

25.486 
(c) 

183.660 
10.675. 

0.070 

219.891 

Average 
Removal 

Efficiency 
% 

11.6 
(c) 

94.5 

99-3 
(a) 

99-96(b) 

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

.. 
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It is interesting to note that the average sodium··removal 
efficiency for the 2-component system used in tests AC-5 and AC-6 
compared very closely with the average values for the 3-component 
system. used in tests AC-1 through AC-4, as shown in Table v.· The 
slightly higher efficiencies observed for the 2-component system 
was due chiefly to the higher aerosol concentration and particle 
size used in those tests. 

TABLE V. Comparison of Three- and Two-Component Scrubber Systems 

3-Scrubber 2-Scrubber 
S;ystem(a) S;ystem(b) All Six Tests 

Total Average Total Average Total Average 
Mass Effie. Mass Effie. Mass Effie. 

kg Na % Kg Na % kg Na % 

Inlet 
Duct 91.93 27.5 43.51 9.0 135.43 21.3 

Quench 
Tank 128.96 61.2 (c) (c) 128.97 61.2 

Venturi 
Scrubber 92.53 87.6 398.76 87.7 491.29 87.6 

Fibrous 
Scrubber 13.55 99.0 61.79 99.6 75.34 99.2 

326.97 99.952(d) 504.06 99.97(d) 831.03 99.958(d) 

(a) Tests Acl through AC4. 

('b) Tests AC-5 and AC6 

(c) Not applicable 

(d) Excluding duct and HEPA 
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Instantaneous efficiencies were calculated at approximately 
hourly periods by taking aerosol samples from scrubber inlets and 
outlets. The average values of all the aerosol based efficiencies 
are listed in Table VI along with the average efficiencies based 
on post-test material balance. The excellent agreement between the 
two methods gives added confidence to the efficiency calculations. 
The aerosol-based values are believed to be more accurate for·any 
given operating period, while those based on post-test material 
balance are more accurate for overall efficiencies. 

Aerosol Deposition in Ducts 

I 
I. 

i 
i 

A significant fraction of the aerosol deposited in the duct 
leading to the scrubber, as shown in Tables IV and V. In order 
to obtain additional information on potential plugging of;ducts by / 
deposited aerosol, several small diameter ducts were used in 
parallel with the main 265-mm diameter ducts. A summary of aerosol 
deposition and plugging is presented in Table VII. Some effects of 
chemical and physical nature were noted, with wet NaOH sticking to 
the walls and dry oxide and carbonate being resuspended. But the 
chief ·factor in determining whether the duct plugged was the 
diameter. The dat~ of Table VII are plotted as a graph of the mass 
of aerosol entering the duct as a function of duct diameter in 
Figure 6. Four of the smaller ducts were plugged, as defined by 
the point where gas flow rate was reduced.to less than 25% of its 

_ initial value at a press~re drop of 7.5 kPa (30 in. H20). In
·SUfficient aerosol entered the remaining ducts to cause plugging. 

_ The curve in Figure 6 is a visual fit of the four data points where 
plugging occurred and can be represented by the following equation: 

where 

m = 4.0 x 10~+ d 3 

m = mass of aerosol entering duct, kg 
d = duct internal diameter, m 

[1] 

The area above the curve represents conditions where duct plugging 
can be expected. The area below the curve represents conditions 
where plugging is not expected. Obviously, Equation [1] greatly 
oversimplifies the solution to a complex problem and is based on 
only a few data points. However, the d 3 relationship.agrees with 
theoretical reasoning by Vaughan.C 7 ) 

Nai Vapor Removal 

Sodium iodide vapor was injected into the 265-mm diameter 
inlet duct just upstream of the quench tank in tests AC-3 and AC-4 
by passing h6t argon through a furnace containing molten Nai. The 
Nai vapor line.was heated to ~850°C to keep the argon stream un
saturated until it merged with the cooler gas stream from the 
containment vessel. The aerosol and liquid samples were analyzed 
for iodine and removal efficiencies were calculated by the same 
procedure used for sodium efficiencies. The Nai removal 
efficiencies determined by post-test n1aLerial balances are listed 



Test 
No. 

ACl 
AC2 
AC3 

. AC4 

AC5 
AC6 

Average 

'I 

TABLE VI. Comparison of Sodium Aerosol Removal Efficiencies 
Measured by Aerosol and Liquid Sampling 

Quench Tank Venturi Scrubber Fibrous Scrubber 
Aerosol( a) Liquid(b} Aerosol( a) Liquid(b) Aerosol(a) Liquid(b) 

Total S:t:stem 
Aerosol(a) Liquid( b) 

SamE ling SamE ling SamE ling SamE ling SamE ling SamE ling SamE ling SamEling 

82.1 79.4 75.7 89.2 97.43 98.60 99.92 • 99.97 
77.5 65.6 95.2 88.5 99.14 .99.05 99-99 99.96 

71.9 61.6 92.7 86.1 99.34 99.15 99-99 .99. 95 
56.3 37.9 77.8 86.5 99.20 99.17 99.91 99.93 

(c) (c) 81.9 80.8 99.80 99.90 99.98 99.98 
(c) (c) 86.5 94.5 99.56 99.35 99.95 99.96 

72.0 61. 2' 85.0 87.6 99.08 99.20 99.96 99-96 

(a) Average of rv35 aerosol sa::npling periods. 
(b) From post-test material balance. --
(c) Not applicable. 
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TABLE VII. Summary of Aerosol Deposition in Ducts 

Dimensions Aerosol Mass, kg(a) Na Fraction Bulk Ma·x~ 
Duct I. D. Length Deposit Penetrated % g Na per Denisty b.P 

Number mm m In Duct Duct Total Pen. g Total g/cm 3 kPa 

ACl-10 265 16.4 12.5 60.8 73.3 82.9 0.515 0.16 0.5 
AC2-l .22'~1 14.6 0.516 <0.03 0.516 <5 0.437 "'0.5 70 
AC2-10 265 16.4 l22 172 294 58.5 0.437 0.87 2.8 
AC3-l 22.1 13.3 0.275 0.110 0.385 28.6 0.434 0.11 70 

AC3-2 52.5 13.5 0.420 0.405 0.825 49.1 0.434 o-:11 9.0 
AC3-10 265 16.4 37.0 61.7 98.7 62.5 0.434 0.11 0.87 
AC4-2 52.5 13.5 0.137 4.37 4.51 96.9 0.25 rv0.6 5.2 
AC4-10 265 16. 4. 62.6 455 518 87.8 0.25 rvo.6 3.3 

AC5-2 52.5 17.8 3.56 2.60 6.16 42.2 0.558 rv0.5 70 
AC5-4 110 21.3 20.4 50.8 71.2 71.3 0.558 rv0.5 7.5 
AC5-10 265 10.7 27.8 541 569 95.1 0.558 rv0.5 1.0 
AC6-10 265 10.7 55.6 ~24 480 . 88.3 0.458 0.64 4.2 

(a) Determined by analyzing for Na and dividing by Na mass fraction. 
- -·-- '{'b)--D1l'ctpiugged post-te-st by heating duct walls above NaOH melting point. 

Duct 
Plugged 

No· · .. 
Yes (b). 

No 
Yes 

No 
No 
No 
No 
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FIGURE 6. 
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in Table VIII. The lower efficiency found in test AC-4 corresponds 1 

to the higher gas flow rate used in test AC-4. The Nai effici~nciei 
were considerably lower than that of the sodium aerosol, as expect- l 
ed, due t6 their very small size and short time available for 1 

agglomeration. However, the fibrous scrubber was effective in 
collecting ~99% of the Nai mass. 

Quench 
Tank 

Venturi 
Scrubber 

Fibrous 
Scrubber 

HEPA Filter 

Total 

TABLE VIII. Nai Removal Efficiency Based 
on Post-Test Material Balance 

Test AC3 Test AC4 

Average Average 
Mass Removal Mass Removal 

Collected Efficiency Collected Efficiency 
g Nai % g Nai % 

198.1 28.8 42.15 9.7 

205.9 42.0 42.51 10.8 

282.6 99.47 344.11 98.46 

1. 51 (a) 5.389 (a) 

688.1 99.78(b) 434.159 98.76(b) 

(a) Not measured. Assumed 100%. 

(b) Excluding HEPA filter. 

IV. Summary and Conclusions 

The six tests described in this paper provide a convincing 
demonstration of the feasiblity of using a venturi-fibrous scrub
ber system to remove aerosol from vented and purged containment 
atmospheres under conditions postulated for severe LMFBR accidents. 
During these tests, 146,000 std. m3 of gas at temperatures up to 
313°C and containing ~ 1700 kg of aerosol mass was cleaned with 
only ~ 0. 5 kg total penetration of the scrubbers. Specific 
conclusions are: · 

8 The overall sodium reinov·al er'ficiency for all six 
tests averaged 99.96%. The efficiency was remarkably 
insensitive to widely varying operating cqnditions, 
a feature resulting from the use of a multi
component air cleaning system. 
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• The efficiency of a 2-component system comprised ~f an 
eductor venturi and a high efficiency fibrous scrubber 
was equal to that of a 3-component system comprised of 
the same two components plus a pre-cooler spray chamber 
(quench tank).· However, the 2-component system was 
more sensitive to thermal and flow conditions. 

• Essentially no differences in removal efficiency were 
observed for four chemical forms of sodium aerosol. 
The chief parameters affecting efficiency were the 
particle size and the gas flow rate. 

! 
• Higher efficiencies were noted for lower gas velocities, 

a favorable feature for use with variable flow rat~s 
anticipated for vented contain~ent operations. 

• Aerosol deposition in ducts leading to the scrubbers 
should be considered for any plant application. An 
empirical correlation is established for plugging of 
ducts. 

• The removal efficiency for freshly nucleated Nai 
particle averaged 99.3%. Although lower than that of 
aged sodium fire aerosol, this is considered good 
removal of particles in a difficult size range for 
many types of air cleaning equipment. 

• Control of containment venting and purging flow rates 
by 260-mm butterfly valves was satisfactory. 

• The total mass loading capability of the system 
depends on the quantity of water provided. A 
concentration limit of 5-molar NaOH is recommended 
so that solubility limits will not be exceeded. 
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