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1.0

INTRODUCTION

Conventional air cleaning systems of the type used extensively in existing
nuclear facilities and in the chemical process industry are probably not suitable for handling the effluent from cells or reactor containment buildings in
which a large sodium fire is in progress. This is due to the combined requirements of high reliability for emergency startup, high mass loading capability,
and high collection efficiency for a wide range of aerosol particle size. The
requirement for high mass loading derives from the high airborne aerosol mass
concentration associated with sodium fires (to 50 g/m ) and the need for continuous remote operation for many hours without excessive increase of flow
resistance.
A development program has been carried out at the Hanford Engineering
Development Laboratory (HEDL) with the purpose of developing and proof testing
air cleaning components and systems for use under severe sodium fire conditions,
including those involving high levels of radioactivity.

The air cleaning com-

ponents tested can be classified as either dry filters or aqueous scrubbers.
2.0

RESULTS
2.1

Dry Filters
2.1.1

Fiber Filters
The loading capacities of several types of commercial

prefilters and high efficiency particulate air (HEPA) filters were
3
measured, using full-scale modular units at 0.5 m /s flow rate.
Aerosols formed by burning sodium in air with various fractions of
moisture and C0„ content were used.

1

The results were reported

previously,^ ' but can be summarized as covering a range of
2
?
1.6 kg/m to 10.5 kg/m at 5 kPa pressure drop at rated flow
velocity (1.3 m/s), based on superficial filter area. The
lower value was obtained with moist aerosol, while the higher
values were for dry aerosol. Since a standard filter unit
2
has only a 0.37-m superficial area, it is evident that HEPA
filter installations are likely to plug even for relatively
small sodium fires. The addition of a roughing prefilter did
not increase the loading capacity appreciably.
2.1/2 Sand and Gravel Beds
Dry beds of graded gravel and sand have been tested with
f2)
sodium smoke by Alexas, et. al.,^ ' with loading capacities
reported similar to the lower range of HEPA filters. An effort
was made at HEDL to improve the loading capacity of sand and
gravel beds by varying the gravel size and gas flow velocity.
A schematic flow diagram is shown in Figure 1 and photographs
of typical test articles are shown in Figures 2 and 3.
The results of the sand and gravel tests showed a nominal
increase in mass loading capacity over that of the HEPA filters,
but at a sacrifice of using an extremely low flow velocity. A
2
maximum loading of 2.4 kg/m was obtained at a superficial gas
velocity of 5 mm/s and a final differential pressure of 2.6 kPa.
The average aerosol collection efficiency was 99.8%.

Because of

the low flow velocity, the superficial area of a sand and gravel
bed is considerably larger than that of a HEPA filter installation
for the same volumetric flow rate.

Although a sand and gravel

bed has the desirable features of passivity, ruggedness, high
thermal capacity, and resistance to chemical attack, its huge
size limits its application to uses where very small flow rates
and aerosol mass loadings are postulated.
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Figure 1 .

Figure 2.

Flow Diagram For Sand and Gravel Bed Tests.

Neg 8010944-1

Photograph of Typical Sand and Gravel Bed Stack.
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Neg 8202831-1
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Figure 3.

2.2

Photograph of Partially Assembled Sand and
Gravel Bed Test Article. Neg 8202832-1

Aqueous Scrubbers
Assessments of containment safety margins for very severe postulated

accidents in LMFBR plants involving core melt through have shown
that containment integrity can be protected against overpressure and
hydrogen by venting and/or purging through a suitable air cleaning system.^
A requirement of the air cleanup system is that it have high mass loading
properties (to 10

kg aerosol retention) as well as high removal efficiency

for aerosol particles (>99%) and a reasonable size. Aqueous scrubbers
were judged to be the most promising candidates for meeting such stringent
requirements, but no single scrubber could attain the dual requirement of
high mass loading and high efficiency.

4

Therefore, several types of

scrubbers were arranged in series and tested in the Containment Systems
Test Facility (CSTF).
Two tests (AC-5, AC-6) were performed with a two-stage system, four
tests (AC-1 - AC-4) with a three-stage system, and four tests (AC-7 AC-10) with a HEDL-developed novel design. During these tests, a total
4
of '\/10 kg of sodium was burned by spraying into air and '\'3500 kg of
aerosol mass was collected by the air cleaning systems. The aerosol was
3
generated by continuously spraying sodium into the 850-m CSTF vessel
for approximately 30 h per test while the vessel atmosphere was being
purged by exhausting air through the scrubbers. In some tests, steam
and/or carbon dioxide was injected to simulate the release of gas and
water vapor from heated concrete.
2.2.1

Venturi and Fibrous Scrubber System

An ejector type venturi scrubber followed by a high efficiency fibrous scrubber was tested in two tests. A flow diagram is
shown in Figure 4. The fibrous scrubber was of the "Brink" type
tested with sodium fire aerosol by Duverger de Cuy,^ ' who reported
that it clogged when used without a prefilter. In our case, an
ejector type venturi scrubber, which averaged 94.5% removal efficiency, served as a prefilter. The fibrous scrubber efficiency
averaged 99.35%, for a total system efficiency of >99.9%. The
fibrous material was polypropylene rather than fiberglass, as tested
by Duverger de Cuy.

No plugging problem was observed for design
3
3

flow conditions (0.5 m / s gas flow rate, 20 g/m
tration).

aerosol concen-

Minimum liquid/gas flow ratios of 0.007 for the venturi

and 0.00008 for the fibrous scrubber are recommended.
A venturi/fibrous scrubber system was installed on the FFTF
as part of a program to develop methods to augment containment safety
(4)
margins.^ ' A sketch of the FFTF installation is shown in Figure 5.
3
It is designed for 3.1 m /s gas flow rate and a retention of 5500 kg
of aerosol (as NaOH).
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Figure 4: Flow Diagram For Venturi/Fibrous Scrubber Tests.
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2.2.2

Spray Chamber, Venturi and Fibrous Scrubber System
Four tests were performed with a three-component scrubber

system consisting of a spray chamber (quench tank) followed by the
venturi/fibrous scrubbers discussed above. A system flow diagram
is shown in Figure 6. Details of the three components are shown
in Figure 7 and a photograph of the system as installed in the
CSTF is shown in Figure 8.
The measured aerosol removal efficiency averaged 67% for
the spray chamber, 87% for the venturi and 99.0% for the fibrous
scrubber.

The overall system efficiency averaged >99.9%.
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Figure 6. Flow Diagram of the Three-Component Scrubber System.
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Figure 7. Details of CSTF Aqueous Scrubber Components,

Figure 8. Photograph of Three-Component Scrubber System
Installed in the CSTF. Neg 7813233-12cn

9

The CRBRP design includes a containment cleanup system
patterned after the three-component scrubber system described
(S)

3

above.^ '

It is designed for 12.5 m / s at containment conditions
5
and can collect 1.3 x 10 kg of aerosol without plugging.
2.2.3

Submerged Gravel Scrubber
While the scrubber systems described previously met all the

design requirements, they had the disadvantage of using active components (pumps) with their electrical demand.

A concept was con-

ceived^ ' whereby the passiveness and high loading capacity of a Water
pool scrubber was combined with the high efficiency of a sand and
gravel bed.

It was termed a submerged gravel scrubber (SGS).

schematic drawing of the concept is shown in Figure 9.

A

The SGS

consists of a bed of gravel (or other packing) submerged in a pool of
water.

Gas, laden with aerosol, is discharged beneath the gravel,

where it subsequently flows upward through the bed.

The apparent

density of the two-phase mixture in the gravel region is less than
that of a pool outside the gravel bed, and liquid flows upward at a
significant rate.

This inherent liquid pumping action clears the

bed of collected aerosol.
Aerosol particles are removed from the gas primarily by
impaction, interception, and diffusion.

Particle removal is

better than for either a dry gravel bed or a plain water pool.
This synergistic effect is not fully understood, but is believed
to be due to turbulence, increased surface area, and particle
growth by water vapor condensation.

Gas leaving the submerged

bed may be further cleaned of aerosol by incorporating a highefficiency fiber demister downstream.

The demister is irrigated

passively by carry-over from the SGS pool.
A series of bench-scale development tests was performed using
the 0.3-m diameter gravel bed model shown in Figure 10. Parameters
tested included aerosol chemical form and size, gas flow rates, bed
depths, bed grain size, and type of demister. The aerosol removal
efficiency varied from 98.6 to >99.9% for the submerged gravel
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Figure 9.

Schematic Diagram of Submerged Gravel Scrubber.
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Figure 10. Photograph of Submerged Gravel Scrubber Developmental Model
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scrubber (SGS). The SGS was scaled up to a nominal 0.47 m / s unit
and four large-scale tests were performed in the CSTF. Parameters
investigated were aerosol type (Na„0-, NaOH, and Na_CO_) gas flow
rate (0.05 to 0.6 m / s ) gas temperature (to 240°C), aerosol concentration (to 25 g/m ) , and type of bed packing. The SGS performed
excellently in all cases and gave rapid cooling, excellent aerosol
removal (average 99.2%), and uniform flow and pressure characteristics.
The maximum pressure drop was 9 kPa.
Several separate effects tests were performed without a sodium
aerosol to determine some characteristics of the SGS not readily
measured during the sodium aerosol tests. Hot air ('\'540°C) heated
by a propane burner was passed through the scrubber. The gas temperature quickly attained thermal equilibrium with the water. Waterinsoluble aerosol particles (coal flyash and hydrated alumina) were
dispersed by an air jet into the SGS. Removal efficiency was excellent
and no increase of flow resistance across the SGS was observed.
Finally, reactive gases (I„ and SO2) were tested, again with excellent
removal efficiency.
Remaining to be demonstrated is the ability to scale the
3
SGS to industrial size. A 5 m /s unit is presently being fabricated
for installation as a permanent facility structure at the HEDL Large
Sodium Fire Facility (LSFF).
0

CONCLUSIONS
1.

Dry fiber filters and sand and gravel beds plugged when loaded to
2
1.6-10 kg/m , with moist aerosols giving the lower loadings. A
very large installation would be required to handle the effluent
from a large sodium fire.

2.

Several types of conventional aqueous scrubbers (spray chamber,
ejector venturi, irrigated fiber bed) were tested.

No one scrubber

could meet the dual requirements of high efficiency and high mass
loading capacity.

When arranged in series, systems of these com-

ponents gave excellent efficiencies (>99.9%) and loading capacities
limited only by the quantity of water available.
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3.

4.0

A scrubber with novel design (submerged gravel scrubber) was developed
and tested. It is passive (no electrical demand) has high efficiency
for sodium fire aerosol, and high mass loading. As a stand-alone
air cleaning unit, its efficiency averaged >99%, and with a fiber
demister the combined efficiency was >99.9%. Its mass loading capacity was 100 times greater than that of a sand and gravel bed, based
on the alkalinity of the aqueous solution being limited to 5 molar.
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