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ABSTRACT 

We have developed a high efficiency steel filter that can be 
cleaned in-situ by reverse air pulses. The filter consists of 64 
pleated cylindrical filter elements packaged into a 610x610x292 mm 
(24x24x11.5 in.) aluminum frame and has 13.5 m 2 (145 square feet) 
of filter area. The filter media consists of a sintered steel fiber jnat 
using 2 |im diameter fibers. We conducted an optimization study for 
filter efficiency and pressure drop to determine the filter design 
parameters of pleat width, pleat depth, outside diameter of the 
cylinder, and the total number of cylinders. Several prototype 
cylinders were then built and evaluated in terms of filter cleaning by 
reverse air pulses. The results of these studies were used to build 
the high efficiency steel filter. 

We evaluated the prototype filter for efficiency and 
cleanability. The DOP filter certification testC1) showed the filter has 
a passing efficiency of 99.99% but a failing pressure drop of 0.80 kPa 
(3.2 in w.g.) at 1,700 m3/hr (1,000 cfm). Since we w?re not able to 
achieve a pressure drop less than 0.25 kPa (1 inch w.g.), the steel 
filter does not meet all the criteria for a HEPA filter/2) Filter loading 
and cleaning tests using AC Fine dust showed the filter could be 
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repeatedly cleaned by reverse air pulses. 

The next phase of the prototype evaluation consisted of 
installing the unit and support housing in the exhaust duct work of a 
uranium grit blaster for a field evaluation at the Y-12 Plant in Oak 
Ridge, TN. The grit blaster is used to clean the surface of uranium 
parts and generates a cloud of UO2 aerosols. We used a 1,700 m^/hr 
(1,000 cfm) slip stream from the 10,200 m3/hr (6,000 cfm) exhaust 
system. 

I. Introduction 

This study is a continuation of our investigation on using high 
efficiency steel filters for nuclear air cleaning that was reported at 
the 21st DOE/NRC Nuclear Air Cleaning Conference.^) The 
motivation for that study was to improve the reliability of the 
present glass fiber HEPA filter. The present glass HEPA filter is 
subject to structural damage when the filter is exposed to high air 
flows, shock waves, high temperatures, high humidities, and heavy 
particle deposits. Replacing the structurally weak glass fiber 
medium with a stainless steel medium overcomes these failure 
modes. The focus of our previous work was on improving the 
reliability of high efficiency air filters. This was also the motivation 
of Dillmann et al(4-6), Klein et aK7) and Randhahn et aK8> who had 
previously conducted investigations of high efficiency steel filters. 

Although improved filter reliability is still an important driving 
force, our present research is focused on cleanable steel filters to 
reduce the cost of filtration. Air filtration in the nuclear industry is 
based primarily on disposable HEPA filters. The cost to replace these 
filters and dispose of the used filters is estimated to be $55 million 
per year for Department of Energy (DOE) facilities. W Moore et alW 
estimate that $50 million of the $55 million annual cost is due to 
waste handling. By developing a cleanable steel HEPA filter, we 
believe that a large fraction of the waste disposal costs can be saved. 

Cleanable air filtration systems are used extensively in the 
non-nuclear industry. For example, bag house filters and 
electrostatic precipitators have proven to be a cost effective means 
for cleaning exhaust emissions from factories. However these air 
cleaning systems do not have the required HEPA filter efficiency, nor 
the reliability for use in nuclear exhaust cleaning. Our study is an 
initial effort to develop cleanable steel HEPA filters for use in the 
nuclear industry. 



II. Cost Analysis 

Moore et al<9) have completed a survey of HEPA filtration costs 
in the U.S. DOE facilities. They found that DOE facilities use an average 
of 11,500 HEPA filters per year. The average purchase, handling and 
disposal cost per HEPA filter is $4,750. DOE therefore spends $55 
million per year for HEPA filters. 

We used the life-cycle cost of the standard glass-paper HEPA 
filter to compare with the estimated life cycle cost of the steel HEPA 
filter as shown in Table 1. We assumed that after several years of 
development the cost of the steel HEPA filter, not including the 
cleaning system, will drop to $5,000 (the present cost is $50,000). 
We also assumed that the maintenance and disposal for both filters 
will be $4,450 and that the steel HEPA filter can be cleaned 
repeatedly to yield an effective life of 15 times the life of a glass 
HEPA filter prior to disposal. The cleaning cost for the steel HEPA 
filter is assumed to be $400 for the life of an equivalent glass HEPA 
filter, plus an initial cost of $1,500 to retrofit the cleaning system 
hardware into the filter housing. The total cleaning cost for the life 
of the steel filter is $7,500. Using these figures, we estimate the total 
annual cost to DOE is $55M for the glass-paper HEPA filter and $13M 
for the cleanable steel HEPA filter, a savings of $42M. 

Table 1. Comparison of life-cycle costs for glass-paper and 
stainless steel cleanable HEPA filters. 

Glass-paper Stainless steel 
HEPA HEPA 

Filter element 
(1000 ft3/min) $300 $5,000* 

Installation, test, 
removal, and disposal $4,450 $4,450 

Cleaning - - - $7,500 
(15 x HEPA life) 

Annual number of filters 
used by DOE facilities 11,500 767 

Total annual costs $55M $13M 

a Estimated cost for one steel HEPA filter after additional 
development. Current cost is $50,000 per filter. 



III. Conceptual Design of a Cleanable Steel HEPA Filter 

Our design of a cleanable steel HEPA filter follows the same 
design that has been used for many years in industrial applications, 
including a few applications in the nuclear industry. SchurrOO) 
described a cleanable sintered metal filter for use in hot off-gas 
systems from radioactive waste calciners. Kirstein et a i d ) evaluated 
the use of cleanable sintered metal filters for filtering the exhaust 
from incinerators burning radioactive wastes. These cleanable 
stainless steel filters were used as prefilters to extend the life of 
HEPA filters. These filters were made from sintered powder metal 
and were formed into smooth tubes. They had high pressure drops 
[over 2 kPa (8 inches w.g.) at 2 cm/s (4 feet per minute) air velocity] 
and low efficiencies (about 65%) when clean. The pressure drop and 
efficiency increased as particle deposits formed on the filter. Our 
previous study( 3) demonstrated that these sintered-powder filters 
had higher pressure drops and lower efficiencies than sintered fiber 
filters. 

The design concept of a cleanable steel HEPA filter that we 
selected is illustrated in Figures 1 and 2. The filter consists of 
multiple filter cartridge elements connected together as shown in 
Figure 1. Each filter cartridge is a closed cylinder with pleated filter 
media. Dirty air enters the exterior of the cartridge element where 
the suspended particles are removed. Clean air then passes through 
the hollow interior and exits on the clean air side of the filter. As the 
dirty air is cleaned, particle deposits form on the surface of the filter 
and cause the pressure drop to increase. After the filter reach?s a 
preset pressure drop, a reverse air pulse blows back through several 
of the filter elements to dislodge the particle deposits, which are then 
collected in a hopper or barrel as shown in Figure 2. In this 
configuration it is possible to clean a few of the filter elements while 
still filtering dirty air in the remaining elements. A fraction of the 
particle deposits that are blown off the cartridges being cleaned will 
be redeposited on neighboring cylinders that are operating in the 
filtration mode. Incomplete cartridge cleaning and redeposited dirt 
limit the reverse air pulse to only partial cleaning of the filter. 
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Figure 1 Filtration cycle for steel HEPA filter. 
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Figure 2 Cleaning cycle for steel HEPA filter. 



Other filter cleaning methods can also be used in place of the 
reverse air pulse illustrated in Figure 2. It is possible to use liquid 
sprays to clean the filters. The selection of the solvent (eg. acid, base 
detergents, etc.) or sequence of solvents (eg. cleaning and rinsing 
solvents) would depend on the particular application. If liquids are 
used for cleaning, then a liquid handling system would be required 
to collect the contaminated liquid and recycle it for re-use. For 
extremely difficult cleaning, the filter can also be removed from the 
housing and washed in the appropriate liquid. 

The final design concept that we incorporated into the 
cleanable steel HEPA filter was to package the multiple filter 
cartridges into the standard HEPA dimensions of 610x610x292 mm 
(24x24x11.5 in.). This choice of multiple filter cartridges housed in 
the standard HEPA frame represents the unique feature of our 
design. It is also possible to fabricate a steel HEPA filter using the 
standard HEPA designs, eg. deep pleat, mini pleat, etc., by 
substituting the glass fiber medium with the steel fiber medium. 

Airflow separators 

Figure 3 Cleanable steel HEPA filter in the deep pleat configuration. 



Air flow 

Figure 4 Cleanable steel HEPA in the mini-pleat configuration. 

Figure 3 illustrates the fabrication of a cleanable steel HEPA using 
the standard deep pleat design with corrugated separators. Other 
deep pleat designs without separators are also possible/ 1 2) The 
minipleat design is illustrated in Figure 4. 

We selected the pleated cartridge design because it is the 
standard design for metal filters in the filter industry and would be 
the easiest to commercialize. We also believe the pleated cartridge 
filter with shallow pleats would be easier to clean by reverse air 
pulses than the deep pleated or mini pleat filter because the particle 
deposits would be easier to dislodge in the shallow pleats. Of course, 
if the filter is removed from the housing, it is possible to remove 
deposits from any filter design with the proper selection of cleaning 
agents. 

IV. Optimization of the Cleanable Steel Filter 

We optimized the pleated cartridge design through a 
combination of experiments and theoretical analysis. Pleating the 
media in a cartridge maximizes the surface area contained within the 
filter box. Our objective was to have a filter that met the efficiency 
requirement of a HEPA filter (99.97% for 0.3 urn DOP aerosols) and 
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Figure 5. Cross section of the Pall Steel fiber medium used in our study. 



also have the lowest possible pressure drop. We already knew from 
our previous studies^3) that the steel fiber media we had developed 
with industry had the same efficiency as the glass fiber HEPA media, 
but with three times the pressure drop. Figure 5 shows a cross 
section of the Pall filter medium that was used in our study. 

We developed a mathematical model that showed variations of 
pleat depth, pleat width, cylinder diameter, number of cylinders and 
the total filter area. Our preliminary analysis showed that for the 
available filter media, we could only package 13.9 m 2 (150 ft2) into 
the standard HEPA frame. In contrast, a standard glass fiber HEPA 
filter uses over 18.6 m 2 (200 ft2) of media. 

We then used our mathematical model (Figure 6) to show all 
possible variations of pleat depth, pleat width, and number of pleats 
to yield 13.9 m 2 (150 ft2) of area. Using that model, we selected 
three different combinations of the three parameters as indicated by 
A, B, and C in Figure 6 for fabricating experimental filters. Another 
important factor in the optimization was the number of cartridges to 
be used in the prototype filter; fewer cartridges would simplify the 
cleaning process. Figure 7 shows the number of cartridges as a 
function of pleat width and pleat depth and the three combinations 
of parameters used in Figure 6. We fabricated three different filter 
cartridges using the specifications given by A, B, and C. Figure 8 
shows cartridge A. 

0.2 0.3 0.4 
Pleat width (in.) 

Figure 6 Possible combinations of pleat depth, pleat width, and 
number of pleats to yield 13.9 m 2 (150 ft2) of area. We 
selected the combinations indicated by A, B, and C for 
fabricating three different filter cartridges. 
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Figure 7 Calculation of number of cartridges to be used in the 
prototype filter, based on the parameters chosen from 
Figure 6. 
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Figure 8 Filter cartridge A. 



Figure 9 Test apparatus for studying filter efficiency and cleaning, 



We tested the three filter cartridges for efficiency and cleaning 
using the test apparatus shown in Figure 9. We used a laser particle 
counter, model HS LAS-32, from Particle Measuring Systems (PMS) 
for the filter efficiency measurements. Details of the filter efficiency 
test were described in our previous report^3). The cartridges were 
cleaned by applying a reverse air pulse on the filter to dislodge the 
particle deposits. Pleat geometry seemed to have minimal effect on 
the efficiency of the cartridges; all three had efficiencies of about 
99.97%. However, pleat depth had a definite impact on the ability to 
clean the cartridge; the one with the deepest pleat (1.9 cm, 0.75 in.) 
had a higher relative pressure drop after loading and cleaning, and 
also had a faster loading rate than either of the other two cartridges. 
It is possible that the poor results obtained with the filter cartridge 
having the deepest pleat were partly due to the individual pleats 
being blinded because they were not properly spaced apart. We did 
not use a support screen in our model filter.1 as is the common 
practice in industry. However, even if the a c t i o n a l wire screen 
would keep the media pleats from touching, the screens would be 
touching and make filter cleaning more difficult than wider spaced 
pleats. Optimizing the filter design with respect to filter cleaning will 
require more work than was possible in this study. 

Using the data generated for the three filter cartridges and the 
curves in Figure 6, we calculated specifications that would give the 
desired efficiency and pressure drop, and also have the minimum 
number of cartridges to yield 13.9 m 2 (15C ft 2). These specifications 
[pleat depth = 1.27 cm (0.5 in.), pleat width = 0.64 cm (0.25 in.), and 
32 pleats] were given to Pall Corp. and Memtec Corp., who built 
prototype cartridges for testing. With these cartridge specifications, 
the cleanable steel filter would has array of 64 cartridges. 

V. Filter Cartridge Performance 

We conducted filter efficiency and cleaning tests on the 
proiotype cartridges. The efficiency test consisted of measuring the 
particle concentration as a function of size using the PMS laser shown 
in Figure 9. We used dioctyl sebacate (DOS) aerosols generated by a 
Laskin nozzle in our efficiency tests so that direct comparisons could 
be made with the official DOP certification test / 1 ) A close-up of the 
filter test housing is shown in Figure 10. The filter test housing 
consists of three chambers: a lower chamber that functions as a 
hopper to collect particle deposits, a middle chamber that houses the 
filter cartridge and an upper chamber that has the reverse air pulse 
system. Challenge air enters into the lower part of the middle 



chamber, passes through the filter cartridge into the upper chamber 
and then leaves through an exit port shown in the upper left of 
Figure 10. Sampling probes for the filter efficiency measurements 
can be seen in the middle ?nd upper chambers. The differential 
pressure probes are also shown near the plate separating the upper 
and middle chambers. 
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Figure 10 Filter test housing used for efficiency and cleaning tests. 

Figure 11 shows the results of our efficiency measurements on 
one of the 64 Pall filter cartridges tested at 26.5 m3/hr (15.6 cfm). 



This flow rate corresponds to the fraction of the total flow at 1,700 
m 3/hr (1,000 cfm) through one of the 64 filter cartridges. The 
maximum penetration at 0.17 jim diameter is 0.05%. However, at 0.3 
urn diameter the penetration is only 0.01%. The remaining Pall filter 
cartridges gave similar results. Since the DOP certification test allows 
a penetration up to 0.03%, the steel filter will easily pass the test. 
Unfortunately the pressure drop at 0.82 kPa (3.3 inches w.g.) is too 
high to qualify the steel filter as a HEPA filter according to MIL-F-
51068/ 2 ) The Memtec filter cartridges were also tested and gave 
similar results. Further development is required to reduce the 
pressure drop. 

0.01 0.1 1 
Diameter, (im 

Figure 11 Penetration of DOS aerosols as a function of particle size 
through Pall filter cartridge. AP = 0.82 kPa (3.3 in. w.g.) at 
26.5 m3/hr (15.6 cfm). 

For the filter cleaning tests, we set up a reverse air pulse 
system consisting of a dust generator for accelerated filter plugging. 



a single cartridge housing, and a solenoid-actuated reverse air pulse. 
The experimental apparatus is shown in Figures 9 and 10. We used 
AC Fine dust in our filter cleaning tests, since it represents a similar, 
although more severe, challenge compared to the uranium oxide dust 
measured in the Y-12 Plant. The filter cleaning test consists of 
loading the cartridge with dust until the pressure drop across the 
cartridge reaches 1.7 kPa (7 in. of water). At that point, the pressure 
solenoid valve is automatically opened and the air pulse blows off 
the particle deposits. In separate tests, we determined that the 
optimum cleaning pulse is 0.6 seconds at 276 kPa (40 psig). 

The results from a sequence of 19 filter clogging and cleaning 
cycles are shown in Figure 12. The breaks in the clogging and 
cleaning cycles occurred when the aerosol generator was depleted. 
We estimate that about three glass HEPA filters would be clogged 
during a similar particle challenge. Since the glass HEPA filters 
cannot be cleaned, the corresponding test with glass HEPA filters 
would require about three filter replacements. We have conducted 
up to 100 filter clogging and cleaning cycles on a single steel 
cartridge, which corresponds to an equivalent service life of about 15 
glass HEPA filters. 
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Figure 12 Results from a sequence of 19 clogging and cleaning cycles 
using one steel filter cartridge from Pall. About three 
glass filters would be needed for similar challenge. 



IV. Fabrication and Evaluation of Cleanable Steel Filter 

Fabrication 

After verifying the performance of the Pall and Memtec filter 
cartridges, we completed the design and fabrication of the cleanable 
steel filter. Figure 13 shows one of the filter cartridges from Pall Inc. 
and Memtec Inc.. Note the threaded end on the filter cartridges. The 
individual filter cartridges are threaded into an end plate of a 
610x610x292 mm (24x24x11.5 in.) housing. Figure 14 is a 
photograph of the assembled cleanable steel filter contains 64 
Memtec cartridges. The weight of the fully assembled filter 
containing the Pall and Memtec cartridges were 102 kg (225 pounds) 
and 95 kg (210 pounds) respectively. Figure 15 shows a close up of 
a second steel filter containing Pall cartridges. 

Figure 13 Filter cartridges from Figure 14 Photograph of the 
Pall and Memtec assembled cleanable 

steel filter with 64 
Memtec cartridges. 



Figure 15 Close up of the filter cartridges from Pall Corp. in the 
assembled filter. 

Penetration Measurements 

We installed the filter in our 1,700 m 3/hr (1,000 cfm) test duct 
as shown in Figure 16 and measured the penetration with DOS 
aerosols, using the same laser particle counter used in our cartridge 
tests. To generate sufficient DOS challenge in the 1,700 m 3/hr (1,000 
cfm) test duct, we used an aerosol generator having six Laskin 
nozzles (Phoenix Precision). Figure 17 shows the percent penetration 
of DOS as a function of particle diameter for the steel filter with Pall 
cartridges. The filter has a maximum penetration of 0.115% at 0.17 
urn diameter but still meets the requirement of less than 0.03% 
penetration at 0.3 (im diameter as required by the DOP certification 
test.O) As we noted previously, the pressure drop at 0.77 kPa (3.1 
inches w.g.) is too high to qualify the cleanable steel filter as a HEPA 
filter according to MIL-F51068.(2) 

The penetration measurements for the cleanable steel filter 
using Memtec cartridges is shown in Figure 18. The penetration is 
0.046% at 0.17 urn diameter and 0.01% at 0.3 urn diameter and 
therefore meets the requirements of MIL-F-51068.(2) However the 
pressure drop is too high at 0.77 kPa (3.1 inches of water) to qualify 
as a HEPA filter. 



Figure 16 Installation of clean able steel filter in 1,700 m3/hr (1,000 cfm) test duct. 
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Figure 17 Penetration of DOS aerosols as a function of particle 
diameter through a cleanable steel filter using Pall 
cartridges. AP = 0.77 kPa (3.1 in. w.g.) at 1,700 m3/hr 
(1,000 cfm). 
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Figure 18 Penetration of DOS aerosols as a function of particle 
diameter through a cleanable steel filter using Memtec 
cartridges. AP = 0.77 kPa (3.1 in. w.g.) at 1,700 m3/hr 
(1,000 cfm). 



We also had the two steel filters tested using the official DOP 
HEP A certification test.H) The filters were tested at the DOE filter 
certification laboratory in Oak Ridge, TN. Test results show the DOP 
penetration was 0.01% for both the filter with Pall cartridges and the 
filter with Memtec cartridges when tested at 1,700 m3/hr (1,000 
cfm). The corresponding pressure drops were 0.80 kPa (3.2 inches 
w.g.) for the Pall filter and 0.72 kPa (2.9 inches at w.g.) for the 
Memtac filter. 

Cleanabilitv Tests 

After establishing the filter efficiency, we ran a series of tests 
to establish the cleanability of the filter. These tests were similar to 
the small scale tests described previously for the individual filter 
cartridges. However to evaluate the cleanability of the entire filter 
consisting of 64 cartridges, we used a f'lter housing and blower 
assembly that we designed and built for use in our field 
demonstration at the Y-12 Plant in Oak Ridge, TN. 

The filter housing and blower assembly, shown in Figure 19, is 
an independent filtration system for demonstrating the performance 
of the cleanable steel filter. The housing assembly was designed to 
meet seismic and mechanical safety standards. A photograph of the 
assembly is shown in Figure 20. The housing assembly will pull 
exhaust from the uranium grit blaster at the Y-12 Plant through the 
entrance pipe shown on the right side of the figures. The 
radioactively contaminated exhaust will then be passed through 
filters, first through the cleanable steel filter and then through a 
conventional glass filter, before exiting through the exhaust pipe at 
the top of the housing assembly. The clean exhaust is then passed 
through a variable speed blower and discharged into an existing 
baghouse filter at the Y-12 Plant. Figure 21 shows the steel filter, 
being inserted into the housing with the aid of a support table. Since 
the steel filter weighs about 100 kg (220 pounds), it is not possible to 
manually install the filter as is done with standard HEPA filters. 
However with further development, we estimate that the weight can 
be reduced to 41 kg (90 pounds) and allow manual installation of the 
filter. 
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Figure 19 Design of the filter housing and blower assembly for a 
field test at the Y-12 Plant. 

The filter-cleaning system is mounted inside the filter housing 
assembly between the steel filter and the glass HEPA filter. This 
cleaning system consists of 64 individual nozzles and solenoids to 
generate reverse air pulses for each of the filter cartridges. We 
initially evaluated various manifold combinations (primarily four-
and eight-nozzle configurations), but none proved satisfactory. The 
filter-cleaning tests on the single cartridge tester shown in Figure 10 
were not successful using the manifold configurations, apparently 
due to poor flow distribution and lack of an adequate shock wave. 
Because of time constraints, we abandoned the manifold design and 
used a separate air pulse line for each of the 64 cartridge filters. 
This system is overly complex, expensive and prone to failures. An 
efficient filter cleaning system is another area for further 
development. 
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Figure 20 Photograph of the filter housing and blower assembly. 



Figure 21 Cleanable steel filter being inserted into filter housing. 
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Figure 22 Transient pressure measurements inside filter housing 
during reverse air pulse. 

Since one of the requirements of an exhaust ventilation system 
for nuclear applications is to maintain a negative pressure, we ran a 
series of tests to verify that our cleaning system meets this 
requirement. To allow the filter to operate and maintain a negative 
pressure during each cleaning cycle, only 8 of the 64 cartridges have 
a reverse air pulse at the same time. Each cleaning cycle consists of 
8 reverse air pulses on a different set of eight filter cartridges until 
all 64 cartridges have been cleaned. Figure 22 shows a typical test in 
which we measured the transient pressure inside the filter housing 
during a reverse air pulse. Our measurements show that we can 
clean the steel filter with reverse air pulses while maintaining a 
negative pressure. 



We then conducted filter cleaning tests that consisted of a 
series of filter clogging and cleaning cycles. We used AC Fine dust 
(Powder Technology Inc.) in these tests as was done previously with 
the individual cartridges. The results of our cleaning tests are shown 
in Figure 23. Note that the filter pressure drop after each cleaning is 
only reduced to 1.4 kPa (5.5 inches w.g.). This increased pressure 
drop (compared to the clean filter) shows that we are not able to 
remove all of the particle deposits during a cleaning cycle as was 
done in our single cartridge tests. The deposits that remain on the 
filter cartridge after pulse cleaning is due to the lower cleaning 
efficiency of the air pulses in the multi cylinder unit and due to the 
Tedeposition of particles blown off one cartridge onto another 
cartridge. Figure 24 shows that the steel filter has a significant 
particle deposit that remains after this pulse cleaning. The filter 
cleaning system requires further development. 

25 SO 75 1C 
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Figure 23 Filter clogging and cleaning cycles for steel filter. 

After completing these clogging and cleaning tests, we ran a 
filter clogging test using a standard glass HEPA filter in the same 
filter housing. Comparing the two test results show that the 18 
cleaning cycles in Figure 23 corresponded to an equivalent clogging 
of three glass HEPA filters. These test results gave us confidence that 
the steel filter could easily provide an equivalent life of 15 standard 
glass HEPA filters. 



Figure 24 Photograph of steel filter after 18 clogging and cleaning 
cycles. 

VII. Y-12 Demonstration 

After completing the evaluation tests at LLNL, we disassembled 
the filter housing and blower assembly and shipped the unit to the 
Y-12 plant in Oak Ridge, TN for installation in the exhaust of a 
uranium grit blaster. This is a facility where the surface of uranium 
parts are cleaned by blasting with a grit. Design and safety 
engineers had made extensive preparations for the installation for 
approximately one year prior to shipping the unit: the filtration 
hardware and operating system were reviewed, a concrete pad was 
built to support the filter housing and blower assembly, and 
auxiliary ducting was cut into the existing exhaust system. The 
existing filtration systems consisted of a bag house prefilter followed 
by a bank of six, single-stage HEPA filters to accommodate the 
10,200 m3/hr (6,000 cfm) exhaust. A 1,700 ir^/hr (1,000 cfm) slip 
stream is extracted from the exhaust of the grit blaster, routed 
through the cleanable steel filter housing and exhausted back into 
the bag house filter. 

Measurements of the particle emissions show that the average 
size of the uranium oxide particles is approximately 50 u.m. This is 
much larger than our AC Fine dust, which had an average size of 



approximately 8 |im. Given that we have already proven we can load 
and clean the smaller test particles, we are confident that we will be 
able to load and clean the much larger particles at the Y-12 Plant. 
We currently have tests under way to determine the performance of 
the cleanable steel filter in this application. 

VIII. Conclusion 

We have developed a cleanable steel filter that has 0.01% DOP 
penetration and a pressure drop of 0.72-0.80 kPa (2.9 - 3.2 inches 
w.g.) at 1,700 m 3/hr (1,000 cfm). Although the steel filter cannot 
meet the pressure requirement for a HEPA filter specified in MIL-F-
51068, it can be used in place of HEPA filters for applications not 
sensitive to the higher pressure drop. Further research and 
development is needed to reduce the pressure drop and optimize the 
filter design and the cleaning system. The fact the filter can be 
repeatedly cleaned and reused will result in significant cost savings. 
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