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DISCLAIMER 
 
“This report was prepared as an account of work sponsored by an agency of the United States 
Government.  Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes an legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
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trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any agency thereof.  The 
views and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof.” 
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SUMMARY 
 
In Phase IIA of this project, CeraMem has further developed and scaled up ceramic HEPA filters 
that are appropriate for use on filtration of vent gas from HLW tanks at DOE sites around the 
country.  This work included procuring recrystallized SiC monoliths, developing membrane and 
cement materials, and defining a manufacturing process for the production of prototype full sizes 
HEPA filters.  CeraMem has demonstrated that prototype full size filters can be manufactured by 
producing 9 full size filters that passed DOP aerosol testing at the Oak Ridge Filter Test Facility.  
One of these filters was supplied to the Savannah River Technical Center (SRTC) for process 
tests using simulated HLW tank waste.  SRTC has reported that the filter was regenerable (with 
some increase in pressure drop) and that the filter retained its HEPA retention capability.  
CeraMem has also developed a Regenerable HEPA Filter System (RHFS) design and acceptance 
test plan that was reviewed by DOE personnel.  The design and acceptance test plan form the 
basis of the system proposal for follow-on work in Phase IIB of this project. 
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I.  INTRODUCTION 

This report summarizes CeraMem’s activities in the development of a regenerable ceramic filter 
to replace currently used disposable HEPA filters on the vents of tanks containing high level 
radioactive wastes.  A full background description can be found in publications generated from 
this work, which are appended.1, 2  In addition, there are a number of publications produced by 
DOE.3, 4, 5 

Throughout the evaluation period, CeraMem was in contact with Duane Adamson, Mike Terry, 
Jagdish Malhotra, and other DOE personnel regarding filter performance, filter vessel and 
system design, and other exchanges of information.  These interactions are summarized in the 
appended monthly reports. 

Based on the excellent results of this test work, CeraMem is confident of being able to design 
and supply full-scale ceramic filtration systems to replace the HEPA filters currently in use. 
 
II. EXPERIMENTAL RESULTS AND DISCUSSION 

Based on the statement of work in Phase IIA, CeraMem was to conduct the following tasks: 

Task B.2.1.1. – Full-scale RHFS Design 
Task B.2.1.2. – Full-scale HEPA Filter Element Delivery 
Task B.2.1.3. – Acceptance Test Plan of Full-scale RHFS 

The following will summarize the results from each task. 
 
A. Task B.2.1.1. – Full-scale RHFS Design 

The full-scale design approach involved a two-step process: 1) integrating the new ceramic 
HEPA filters into the existing SRS HEPA filter skid design; and 2) modifying several existing 
components to accommodate the new operating conditions.  The design intent was to comply 
with all the applicable requirements of the lead SRS Specification G-SPP-H-00022 with as little 
change as possible.  However, integration of the new ceramic HEPA filter techno logy will 
necessitate a few modifications to the existing SRS skid design.  The major design modifications 
are as follows: 
 

1. The process line size between the existing reheater and existing HEPA filter is 
reduced to 8” to facilitate the physical installation of the new filter vessel within the 
existing skid layout; 

2. The existing blower will be replaced with a new blower with a higher vacuum 
capacity at the desired flow rates of between 800 and 1100 acfm.  The new blower 
will provide additional capacity for the new ceramic HEPA filters; 

3. The process scheme will allow for operation of the two HEPA filters in series or only 
the existing HEPA filter.  This would be accomplished by removing the ceramic 
HEPA filter vessel and replacing it with an 8” pipe spool piece.  The selected blower 
is provided with a two-speed motor to allow for these operating modes; 

4. The existing HEPA filter housing will be upgraded to a new reinforced housing to 
allow operation at the new negative pressure of –60”wc, lower than the current rating 
of the HEPA filter specified by SRS. 
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The details of the RHFS design are given in the Alternate HEPA Filter System Design Book that 
is appended.   

There are three additional appendices on the HEPA filter technology that are attached to this 
report.  The first is CeraMem’s responses to DOE’s questions after the first system design review 
held in June 2000.  The second is the ASME evaluation report that comments on the ceramic 
filter status and system design as of September 2000.  The information in the review is dated 
since significant progress was made on the project after this point in time but it is included for 
completeness.  The third is the draft report from International Union of Operating Engineers for 
the Technology Safety Data Sheet on the ceramic HEPA filter technology.  The contents of this 
draft report are based on the current CeraMem HEPA filter technology and system design. 
 
B. Task B.2.1.2. – Full-scale HEPA Filter Element Delivery 

Based on CeraMem’s Phase II Technical Proposal, this task was split into two parts: 1) Task 
B.2.1.2.a - Lab-scale HEPA Filter Element Delivery and 2) Task B.2.1.2.b – Full-scale HEPA 
Filter Element Delivery.  These subtasks will now be summarized. 
 
1. Task B.2.1.2.a – Lab-scale HEPA Filter Element Delivery 

In Phase I of this program, a lab-scale membrane element was fabricated that passed the SRTC’s 
polydisperse aerosol (poly (alpha olefin), PAO) HEPA filter leak check test.  The membrane 
element was based on a porous SiC monolith that was 1.07” in diameter and 12” long.  The 
passageway size was nominally 0.079” and the wall thickness was nominally 0.031”.  The 
membrane was a chemically durable, mixed oxide material.  The cells were plugged with a low 
thermal expansion epoxy in the alternating checkerboard pattern to form the dead-ended flow 
configuration.  The ceramic element had stainless steel end rings attached with this same epoxy.  
The seals to the stainless steel housing used for this element were made on the internal diameters 
of the end rings.  See Figures 1 and 2 for a schematic of the filter construction used in this 
program and a photograph of a lab scale filter element and housing. 

There were three significant improvements to be made to the membrane prior to scaling up to 
full size prototype filters.  These were the ability to pass a monodispersed aerosol HEPA filter 
media challenge, the utilization of inorganic cements instead of epoxy to plug the filters in the 
dead-end configuration, and improved manufacturing reliability.  An additional desirable 
improvement was the reduction in gas flow pressure drop.  Alternate membrane materials and 
modifications of the Phase I membrane were undertaken prior to production of full size filters. 

The general procedure for developing membranes was to formulate an initial casting slip 
composition and then prepare coatings from that slip on porous SiC monoliths.  These coatings 
would then be fired to a selected temperature and the membrane-coated monolith passageways 
would be plugged with an organic or inorganic sealant to form the dead-ended filter.  The 
pressure drop of these filters was measured using a blower and a flowmeter for generating the 
desired airflow and a U-tube manometer for measuring pressure drop.  The retention of the filters 
were measured using monodispersed SiO 2 particles either 1.5 µm or 0.5 µm in diameter 
suspended in water.  The retention was calculated using the turbidity of the feed and filtrate in 
the following equation: 

                                 % retention = [(FeedNTU – FiltrateNTU)/FeedNTU] x 100                 [1] 
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Figure 1. HEPA filter schematic 

  
Figure 2. Photograph of a lab-scale HEPA filter and housing 
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Those parts that had acceptable pressure drop and high silica retention were sent to Air 
Techniques Inc. (ATI, Owings Mills, MD) for subsequent aerosol testing.  It was found that 
filters that had high silica retention generally had higher aerosol retention but there was no true 
correlation between silica and aerosol retention.  Due to this limitation, CeraMem typically had 
filters tested for aerosol retention when the 1.5 µm SiO 2 retention was in excess of 98% just to 
ensure that badly defective filters were screened out prior to further testing.  However, this did 
not guarantee that the filters would pass the aerosol test. 

As part of membrane development, SiC-based and mullite-based cements for plugging 
passageways were developed.  They were evaluated by comparing the retention of monodisperse 
SiO2 particles in water for filters first plugged with silicone sealant then with inorganic cement 
after thermally removing the silicone.  When retentions were the same or better with the 
inorganic cement as compared to the silicone sealant, then that formulation was deemed 
acceptable.  Acceptable formulations for both mullite and SiC were found and the SiC-based 
cement was selected since the monolith itself was SiC. 

Table 1 summarizes the types of membranes evaluated by CeraMem in Phase II.  The comments 
on the various attributes of the membranes are qualitative and reflect the status of the membrane 
at the end of the development work in Phase II.   
 
Table 1. Developmental Lab-scale HEPA Filter Membrane Types 

Membrane Type  Manufacturability Retention Pressure 
Drop 

Chemical 
Durability Bonding 

Oxide-bonded SiC 
Type I 

Requires 
improvement Good Acceptable Adequate Variable 

Oxide-bonded SiC 
Type II 

Acceptable Acceptable Too high Good Good 

SiC Requires 
Improvement Good Acceptable Excellent Good 

Mixed Oxide  
Type I 

Requires 
Improvement 

Requires 
Improvement 

Acceptable Good Good 

Original Mixed 
Oxide (modified) Good Good Acceptable Adequate Adequate 

 
The first alternate membrane to be attempted was an oxide-bonded SiC material (Oxide-bonded 
SiC Type I).  This material was used to produce the first lab-scale membrane that passed the 
monodispersed aerosol challenge at ATI.  This membrane element had a retention of 99.995% 
for DOP and a pressure drop of 15” wc (measured at CeraMem) at 10 ft/min face velocity.  Other 
similar membranes were made that also passed the DOP test at ATI and had pressure drops of 
between 20”wc and 25”wc at 10 ft/min face velocity.  Unfortunately, the  processing of the 
oxide-bonded SiC was not as reproducible as desired.  Therefore, this membrane type of not 
developed further. 

In order to improve on these SiC membranes, an alternative oxide binder was evaluated for the 
SiC (Oxide-bonded SiC Type II).  The bonding was more reliable indicating that the membrane 
would be more manufacturable.  However, the pressure drop for membranes that had HEPA 



 

FETC Contract No. DE-AC26-99FT40569 CeraMem Corp. 9 of 15 

filter retention was much higher than other membranes types.  Filters with DOP aerosol 
retentions of 99.99% had airflow pressure drops greater than 36”wc at 6 ft/min face velocity.   

Due to the general performance success of the oxide-bonded SiC membrane types, an additional 
SiC membrane material was investigated.  Formulations for essentially pure SiC membranes 
were developed that would be bonded at temperatures in excess of 2,000ºC in an inert 
atmosphere.  Membranes were prepared that had airflow pressure drops of 15”wc to 20”wc at 10 
ft/min face velocity and a DOP retention of 99.9992%.  The membranes had very good bonding 
and due to the pure SiC materials would have excellent chemical durability.  However, there 
were limited locations where full-scale filters could be fired.  Due to this manufacturing concern, 
development on this membrane material was stopped but this membrane certainly has promise 
and should by pursued in the future. 

An alternative oxide-bonded membrane (Mixed Oxide Type I) was also explored.  This mixed 
oxide membrane type was developed for liquid filtration applications and an attempt was made 
to modify the slip formulation so that it could be used as a HEPA filter membrane.  Over 30 
different formulations were attempted.  In general, the filter gas flow resistances were 
comparable to other membrane types developed in Phase II but the retention of 1.5 µm SiO 2 was 
never higher than 96%.  This retention was too low to be considered for a HEPA filter and this 
membrane was not further developed. 

Modification of the original Phase I membranes in Phase IIA was also pursued.  For these 
membranes, there were many modifications evaluated in the membrane processing.  These 
changes included the ratio of refractory filler to oxide binder, type of refractory filler, overall 
solids content, the number of coatings, and firing temperature.  This work culminated in lab-
scale membranes prepared on 6 µm (nominal) pore size SiC monoliths that had monodisperse 
DOP aerosol retentions of 99.9998% or greater and airflow pressure drops of about 20”wc at 6 
ft/min and between 30”wc and 35”wc at 10 ft/min.  These filters had the best overall 
performance and most of the scale-up work to full size prototypes was performed using this 
membrane type or ones similar to it. 
 
2. Task B.2.1.2.b – Full-scale HEPA Filter Element Delivery 

Porous SiC monoliths 5.6” in diameter and 12” long were procured from LiqTech Aps 
(Denmark).  The passageway size was nominally 0.079” and wall thickness was approximately 
0.031”.  The nominal pore size and porosity were 6 µm and 40% respectively.  These monolith 
supports were then coated with membrane by slip casting and fabricated using the same process 
as was used for lab scale filter elements. 

The housings used for these prototype filters were very different from those used for the lab scale 
filters.  The full size prototype housings consisted of 6” schedule 10 304 stainless steel pipe with 
6” ANSI 150 lb 304 stainless steel flanges welded onto both ends.  Snap ring grooves were 
machined into both flanges after both ends of the housing were honed to the desired diameter.  
The filter was installed using a custom installation tool using EPDM boot seals on both ends of 
the filter.  The boots sealed on the end faces as well as the circumference of the filter and the 
boots where held axially in the housing with the snap rings.  Please see Figures 3 and 4 for a 
photograph of a full-scale filter element and a drawing of the filter housing. 
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Figure 3. Photograph of a prototype full-scale HEPA filter element 
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Figure 4. Schematic of the full-scale HEPA filter housing with filter installed 
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Three sets of full-scale filter elements were tested at the Oak Ridge Filter Test Facility.  The first 
set of filters consisted of four filters with the original mixed oxide membranes and two filters 
with Oxide-bonded SiC Type I membranes.  The results are shown in Table 2. 
 
Table 2. Retention and Pressure Drop Results from First Set of Full-scale HEPA Filters  

Oak Ridge Filter Test Facility Results at 
Stated Flow Rates 

125 cfm (6.8 ft/min) 25 cfm (1.4 ft/min) Filter 
No. 

Membrane 
Type 

1.5 µm 
SiO2 

Retention 
(%) 

DP (“wc) at 
6 ft/min 

(CeraMem) DOP 
Retention 

(%) 

DP 
(“wc) 

DOP 
Retention 

(%) 

DP 
(“wc) 

2 Oxide-
bonded SiC 

69 10 95.2 11.6 95.2 2.4 

7 Oxide-
bonded SiC 

99.4 19 99.963 21.8 99.927 4.8 

9 Mixed 
Oxide 

98.8 11 99.923 18.8 99.79 4.4 

10 Mixed 
Oxide 

99.1 10 99.87 15.4 99.82 3.6 

13 Mixed 
Oxide 

98.4 13 99.956 18 99.961 3.6 

14 Mixed 
Oxide 

99.5 12 99.85 15 99.86 1.2 

 
None of the first set of filters passed the criterion for a HEPA filter of 99.97% or greater 
retention of DOP aerosol at 0.3 µm.  As stated above, higher silica retention generally resulted in 
high aerosol retention (Filter No. 2) but above 98% silica retention there is no assurance that the 
filter will be a HEPA filter.  It was clear that there were defects in the filters and it was decided 
to focus on the original mixed oxide membranes and removal of defects to prepare HEPA filters. 

The first approach was to heal the defects by caulking them with particulate that could be 
subsequently bonded to the membrane by firing.  Two different particulate caulking slurries 
(finer particle size than the membrane itself) were filtered through filters 9 and 10 and fired.  The 
filters were then tested at the Oak Ridge Filter Test Facility at 125 cfm.  The DOP aerosol 
retention did not change significantly.  The retention for Filter No. 9 stayed essentially the same 
at 99.925% and the retention for Filter No. 10 increased only slightly to 99.935%.  

Another set of filters was fabricated using mixed oxide membranes and these were caulked using 
mixed suspensions of submicron powder and colloidal sol particles.  It was believed that the finer 
colloidal particles would help heal the membrane defects while helping to bind the submicron 
powder to the membrane surface.  The results of this set of filters are shown in Table 3.  

Two out of the seven filters tested passed the retention criterion for a HEPA filter.  Those filters 
that were more heavily caulked had the highest pressure drop and low aerosol retention even 
though the silica retention was quite high.  This indicated that aerosol was quite likely flowing 
through defects remaining in the membrane after caulking.  When caulking increased the 
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membrane resistance, a proportionally higher flow of aerosol went through the defects resulting 
in very low aerosol retention.  Although full-scale HEPA filters were prepared using a 
combination of the mixed oxide membrane and particulate/sol caulking, the data from the first 
two sets of filters indicated that the membrane had to be changed in order to obtain good HEPA 
filters without caulking. 
 
Table 3. Retention and Pressure Drop Results for Second Set of Full-scale HEPA Filters  

Oak Ridge Filter Test Facility Results at 
Stated Flow Rates 

125 cfm (6.8 ft/min) 25 cfm (1.4 ft/min) Filter 
No. 

Caulking 
Material 

1.5 µm 
SiO2 

Retention 
(%) 

DP (“wc) at 
6 ft/min 

(CeraMem) DOP 
Retention 

(%) 

DP 
(“wc) 

DOP 
Retention 

(%) 

DP 
(“wc) 

H19 Particulate 99.2 > 17 99.965 17 99.965 1.8 

H20 Particulate + 
sol Type I 

99.7 16 99.972 14.8 99.981 1.8 

H21 Particulate + 
sol Type II 

99.7 90 55 28 95.2 7.0 

H22 Particulate + 
sol Type II 

99.5 > 60 52 28 86 6.4 

H24 Particulate + 
sol Type II 

99.9 49 78.5 18.5 95.8 4.8 

H25 Particulate + 
sol Type I 

99.1 35 99.982 26 99.984 2.0 

H26 Particulate 99.0 > 17 99.90 14.2 99.89 1.0 
 

These observations led to the development of the lab-scale filters and the filtration results 
described for the modified original mixed oxide membranes in Task B.2.1.2.a.  These 
membranes did not require caulking to attain HEPA filter capability.  Prototype full-scale HEPA 
filters were prepared using this membrane technology in two separate processing runs.  These 
were Filters Nos. H28 - H34 and Filters Nos. H39 - H47 (excluding H45).   

Due to the lack of correlation with the silica retention test, these filters were not silica tested 
prior to shipment.  The pressure drop was measured and a test was conducted to detect coarse 
defects.  This test utilized carbon black that was sifted into the inlet channels while drawing air 
through the filter.  If any passageway had a large defect, the carbon would stain a white cloth that 
was placed over the filter outlet.  No defects were observed in these filters.  The carbon was then 
removed from the filter by oxidation at elevated temperature in air.  The data from the Oak Ridge 
Filter Test Facility are reported for both groups in Table 4. 

Two out of five of the first set met the HEPA filter retention criterion.  Unfortunately, two filters 
were damaged in shipment.  Five out of eight of the second set met the HEPA filter retention 
criterion.  It is interesting to note that the filters were either very good or very poor indicating a 
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common defect in the poor filters.  Additional analysis of the poor filters may reveal this defect 
and CeraMem feels that the defect problem in the poor filters will be correctable. 
 
Table 4. Retention and Pressure Drop for Third Set of Full-scale HEPA Filters  

Oak Ridge Filter Test Facility Results at Stated Flow Rates 

125 cfm (6.8 ft/min) 25 cfm (1.4 ft/min) Filter No. 
DOP Retention 

(%) 
DP (“wc) DOP Retention 

(%) 
DP (“wc) 

H28* 99.982 26.1 99.999 1.8 

H29 95.9 26.0 98.5 1.9 

H30 93.2 21.2 99.67 8.5 

H31* 99.986 22.5 99.999 1.8 

H32 Damaged in Shipment 

H33 96.4 27.2 99.28 2.1 

H34 Damaged in Shipment 

H39 94.2 26.8 97.6 2.2 

H40 96.8 26.5 99.44 2.1 

H41* 99.993 25.2 99.999 1.6 

H42* 99.984 25.6 99.999 1.4 

H43* 99.989 25.1 99.999 1.6 

H44* 99.986 23.2 99.999 1.4 

H46 97.9 26.8 99.05 2.8 

H47* 99.992 22.6 99.999 1.8 
* Meets the retention criterion for a HEPA filter. 

A total of nine HEPA filters were fabricated in this task out of a total number of twenty-eight 
that were sent for testing at Oak Ridge.  The yield from each set of prototypes increased as 
CeraMem improved the fabrication processes.  In the last set of 13 filters tested, 7 passed the 
retention test.  While this yield is not at manufacturing levels, the trend toward higher yield as 
the process was improved is promising. 

Filter Number H-20 was sent to the Savannah River Technical Center for testing on simulated 
waste.  Details on the procedures and results for these full-scale filter evaluations will be 
described in a soon to be released report by SRTC (Report Number WSRC-TR-2002-00238); in 
addition, SRTC test procedures for lab-scale filters that are similar to the full-scale filters are 
included in Reference 1, which is appended.  CeraMem has been told that after approximately 10 
filtration and cleaning cycles, the pressure drop of Filter No. H-20 increased from 13”wc to 
18”wc under SRTC test conditions and the DOP aerosol retention did not changed, remaining at 
99.97%.  Testing at SRTC indicates that the filters are regenerable (although additional cleaning 
improvements are desirable due to the higher than expected increase in pressure drop) and 
maintain their HEPA filter capability after many filtration and cleaning cycles. 
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While the present filters meet the DOE needs for long-life HEPA filters, a new filter 
development at CeraMem should be noted.  Under funding from DOE in a separate program6, 
lab-scale HEPA filters were fabricated with half the gas flow resistance of the full-scale filters 
reported above.  If the membranes developed in this other program were applied to monoliths 
36” long, then the pressure drop at 125 cfm would drop from 20”wc to 25” wc to 3”wc to 4”wc.  
However, these new membranes would have to be evaluated at SRTC to ensure that the 
membranes would be cleanable and durable for the intended application. 
 
C. Task B.2.1.3. – Acceptance Test Plan of Full-scale RHFS 

Standard N510 defines an acceptance test as a field test made upon completion of fabrication, 
receipt and installation of an installed component, air-cleaning unit or system to verify that it 
meets the requirements specified.  For this project, the major challenge is the substitution of the 
novel, ceramic, regenerable HEPA filter developed by CeraMem.  The acceptance test plan is 
limited to the new filter technology or aspects of the related piping, ducts, frames, tube sheets, 
vessels, or housings that are directly affected.  The testing plans for the remaining standard 
system process components (i.e., blower, heater, moisture separator, etc.) would be identical 
since their basic designs are unaffected by the filter technology. 

For the fabrication of a demonstration system, CeraMem would conduct a pre-delivery, shop 
acceptance test to be conducted in the skid supplier’s shop using the appropriate and applicable 
acceptance test procedures and criteria of N510 to verify 1) proper assembly, 2) structural 
capability, 3) leak tightness, 4) functionality, 5) air-aerosol retention and 6) limited air flow 
performance.   

The acceptance test plan developed in Phase IIA for the new ceramic HEPA filter technology 
and related hardware is included in the Design Book referred to in Section A above and 
appended to this report. 
 
III. CONCLUSIONS AND RECOMMENDATIONS 

The conclusions from this work are as follows: 

1. Membrane-coated, ceramic honeycomb filters with HEPA quality retention have been 
successfully produced as full-scale prototypes.  

2. A significant number of full-scale prototypes have been produced indicating that the filters 
are manufacturable. 

3. One prototype full-scale HEPA filter has been tested at SRTC by filtering simulated HLW 
tank vent gas and then cleaning with water and/or dilute nitric acid multiple times.  The 
filter was regenerable but did have a 38% increase in pressure drop over 10 
filtration/cleaning cycles indicating a need for further cleaning protocol development.  
There was no change in DOP aerosol retention.  This data indicates that the filters will 
operate much longer than standard glass fiber HEPA filters on the HLW tank vent gas 
application. 

4. The design for the DOE HEPA filter skid was modified to include the new ceramic HEPA 
filters.  The modified design is capable of meeting DOE’s need of a long- life HEPA filter 
system that satisfies the required specifications. 
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5. The acceptance plan for the filters, filter vessel, and filtration system has been developed 
and meets DOE specifications. 

6. The technology developed in Phase II is ready to be demonstrated in Phase III of this 
project. 

The recommendations for the project are as follows: 

1. The project proceeds to the demonstration phase. 

2. Membrane development work be continued to further reduce filter element pressure drop. 

3. Filter element development be continued to fabricate larger diameter and longer filters, a 
direct extension of the current technology.  This will reduce costs and more significantly 
allow the addition of additional filter area, further reducing pressure drop. 
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ABSTRACT 

DOE has about 300 high- level waste liquid storage tanks at its various sites.  These are 
maintained at a slight negative pressure to prevent leakage of radioactive contamination 
and avoid buildup of hydrogen in the headspace.  The vent gas from these tanks is filtered 
through disposable glass fiber HEPA filters.  Replacement of these filters generates both 
a waste disposal problem and a problem associated with operator exposure during filter 
replacement. 

CeraMem Corporation has developed a ceramic monolith filter with a composite 
structure.  The filter employs a fine-pored ceramic membrane barrier, which has HEPA 
filtration properties.  A prototype filter has been supplied to SRS for DOP challenge tests 
and simulated vent gas tests.  Results presented in this paper show >99.99% retention for 
0.3 µm aerosol and the ability to be cleaned effectively by acid backflushing. 

Continuing work in this program involves the development of “full size” filters and 
testing on simulated vent gas.  Subsequently, a full size vent gas filtration system will be 
built and evaluated on a high- level waste tank vent line. 
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LIST OF ACRONYMS 

ATI  Air Techniques International 
DOE  U.S. Department of Energy 
DOP  di-octyl phthalate 
FTF  Filter Test Facility 
HEPA  high efficiency particulate air 
HFTA  HEPA filter test apparatus 
HLW  High- level Waste 
PAO  Poly-alpha olefin 
SC  South Carolina 
SRS  Savannah River Site 
SRTC Savannah River Technology Center 

I.  BACKGROUND 

Conventional disposable glass- fiber HEPA filter cartridges are used throughout the U.S. 
Department of Energy (DOE) complex in various process systems. These filters require 
routine removal, replacement, and disposal. This process is not only expensive, but 
subjects site personnel to radiation exposure and adds to an ever-growing waste disposal 
problem. The conventional HEPA filters also have safety concerns regarding the strength 
of filter media, water damage, and operation in environments with elevated temperatures. 
The Defense Nuclear Facility Safety Board issued a report entitled “HEPA Filters used in 
the Department of Energy Hazardous Facilities”, DNFSB/TECH-23, in which these and 
other concerns pertaining to conventional HEPA filters were addressed. (1) 

The SRS High Level Waste (HLW) tanks are designed to hold approximately 1.0 million 
gallons of radioactive liquid waste. Figure 1 depicts a typical HLW tank ventilation flow 
diagram. The tanks are located outdoors and buried in the ground except for the tank top. 
They are equipped with a ventilation system that provides approximately 500 cfm of 
filtered air within the headspace. The airflow maintains the tank contents at negative 
pressure (-1.0" water column). The air flows through a demister and condenser where 
water is removed from the air stream. The flow then enter a reheater where the air is 
heated above dew point before being filtered at the outlet HEPA Filter and released to the 
atmosphere. Tanks with secondary containment also have a separate ventilation system 
for the annulus space. The negative pressure maintained on the tank contents prevents the 
release of radioactive material to the environment. However, it also allows for 
atmospheric dust to be pulled into the tank during normal operation.  

The glass fiber HEPA filter must exhibit a particle removal efficiency of 99.97% when 
challenged by thermally generated poly-alpha olefin (PAO) with a diameter of 
approximately 0.3 microns. It is common practice at SRS to refer to this test as a DOP 
test, in reference to di-octyl phthalate that was commonly used in the past as the standard 
test material in HEPA filtration. The acronym, DOP, will be used throughout the 
remainder of this report. The pleated glass fiber HEPA filter media has approximately 
240 ft2 of surface area and is typically contained in a 2 ft x 2 ft x 1 ft housing and exhibits 
a 1 inch of water column (w.c.) differential pressure (dP) across the filter media when 
clean. A HEPA filter remains in service until the filter media reaches a predetermined 
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maximum pressure drop (approximately 5 inches w.c.) or a high source term due to 
radioactive buildup, and then the filter is replaced.  
 

 
 

Figure 1:  Typical HLW ventilation system flow diagram 

SRS requires that all process HEPA filters pass an in-place leak test both before being 
placed into service, and periodically thereafter. DOP test connectors are designed into 
each HEPA installation to facilitate the routine in-place DOP test per national and site 
standards. Both the material challenge and the filter efficiency tests conducted on the 
filters in this study were designed to simulate conditions found in HLW tanks at SRS. 

Previous research has been conducted at other DOE sites such as Lawrence Livermore 
National Laboratory and Oak Ridge National Laboratory to develop an in situ cleanable 
HEPA filter with high media strength. W. Bergman, et al. conducted research on various 
filter media, such as steel fibers, ceramic, and sintered metal, using reverse air pulse as 
the in situ cleaning method. (2) The results of these investigations indicate that 
commercially available filter media could be applied to the development of an in situ 
cleanable (using reverse air pulse) HEPA filter system that would meet the performance 
criteria established for a conventional HEPA filter system.  

In FY98 SRS started working on the theory of using high-pressure drop filter media in an 
in situ regenerative filtration system. The in situ cleaning of the filter media used an 
aqueous solution to regenerate the media to a new filter status. Testing conducted in 
FY98 and FY99 indicated that an in situ cleanable filtration system is feasible for use on 
the HLW tanks.  

A cost analysis conducted on cleanable HEPA filters showed that the in situ cleanable 
filters have the potential of being cost effective when compared to the conventional glass 
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fiber HEPA filters. The study estimated that the DOE complex uses an average of 11,000 
filters per year at an estimated cost of $55 million. Using in situ cleanable HEPA filters 
could save the complex $42 million a year in operating cost. The study did not include 
costs associated with glass fiber filter breakthrough or rupture, but these additional costs 
increase the cost benefit of the in situ cleanable filters for the complex.(2) 
 
II.  INTRODUCTION 

The DOE Tanks Focus Area and The National Energy Technology Laboratory (formerly 
known as the Federal Energy Technology Center) issued a “Call for Proposals” to 
identify vendors conducting research in the area of in situ cleanable/regenerative filters or 
vendors interested in pursuing such technology.(3) A technical evaluation was conducted 
on the proposals.  

Based on the proposals reviewed, CeraMem Corporation, located in Waltham, 
Massachusetts was selected to support this research program.  CeraMem was asked to 
provide a test filter element of simulated testing at the Savannah River Technology 
Center (SRTC). Figure 2 below is a  picture of the test filter element  (H-18) tested  at 
SRTC. 
 

 
Figure 2:  Ceramic monolith test filter 

Figure 3 depicts the design of the CeraMem filter media and the airflow passage through 
the filter. As shown, the dirty air with particulate matter enters the filter media. The 
entrained particles are then filtered from the air in the microporous membrane. The clean 
air flows down the clean channels and is exhausted from the filter.  

Below are the characteristics of the “lab scale” ceramic mono lith filter tested in this 
program 

• Monolith Membrane Support:   Silicon carbide 

• Membrane Coating:    Glass-frit-bonded zirconium   
       silicate and alumina 

• End Ring Adhesive and Plugs:   Zirconium-silicate- filled   
       food-grade epoxy 

• End Rings:     316L stainless steel 
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• Overall Element Dimensions:   1.28” diameter (end ring) x   
       13.1” long  

• Ceramic Component Dimensions:  1.06” diameter x 12.0” long 

• Filter Configuration:    Flow-through, dead-ended   
       filter  

• Number of Active Inlet Channe ls:  30 

• Channel Opening Size:    0.066” 

• Channel Wall Thickness:   0.03” 

• Channel Plug Depth:    0.12” 

• Inactive Channel Sides:    16 (next to skin around   
       circumference) 

• Pressure Differential    75” w.c. @ 9 scfm 

• Filtration Surface Area:    0.56 ft2 

 

 
Figure 3:  Airflow through ceramic filter media 

Previous work has been conducted on earlier versions of a CeraMem honeycomb ceramic 
monolith filter as an in situ cleanable HEPA filter using reverse air pulse.(2) The ceramic 
filter was not recommended by the study as a cleanable (using reverse air pulse) HEPA 
filter due to high-pressure drop and particle removal efficiency less than 99.97%.  But 
over the past few years CeraMem’s continuous research on ceramic membranes has 
improved retention efficiency while reducing pressure drop access the media.  Figure 4 is 
a photomicrograph of  a silicon carbide (SiC) monolith structure (left) with a membrane  
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surface coating (right) with a pore size between 0.2 – 0.5 µm.  This evolutionary ceramic 
membrane provides a low pressure drop while obtaining HEPA filter retention efficiency.  
Figure 5 is a photomicrograph of a cross-section view of the SiC monolith with a SiC  
coating.  
 

Figure 4:  Monolith Pore Structure and Membrane Surface 
 

 
 

Figure 5:  Cross-section view of membrane/monolith 
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III.  TEST LOOP DESCRIPTION 

A HEPA filter test apparatus (HFTA) was designed and constructed to simulate the 
conditions found on the HLW tanks at SRS.  Figure 6 depicts the schematic of the HFTA 
constructed at the Thermal Fluids Laboratory at SRTC. 

The test was designed for approximately 18 scfm of filtered air to flow into a simulated 
waste tank filled with approximately 30 gallons of heated (104° F - 140° F) simulated 
HLW solution. The simulant solution was mechanically agitated while the filtered air 
traveled through the headspace of the tank. This flow path simulated the HLW tank 
ventilation system. After exiting the tank, the airflow was split between the test  filters, 
with 9 scfm of measured air passing through each filter. A separate vacuum pump was 
used to pull the air across each filter as shown in figure. DOP test connectors were 
designed into the HFTA to conduct in-place leak tests on the filter media. 

The HFTA was designed such that one filter could be cleaned while the other remained 
online for testing. The system operated continuously (24 hours a day, 7 days a week) 
until the flow across the filter(s) decreased by 20% or more due to particulate matter 
build up on the surface of the filter. The time to plug a filter was determined by many 
variables such as test solution, speed of the agitator, liquid level in the tank, etc. Once a 
the CeraMem filter became soiled, a 10% nitric acid solution was back-flushed through 
the filter and allowed to soak in the filter for approximately 10 minutes. The filter was 
then back-flushed with water and a purge of air to remove residual liquid from the media.  

 
Figure 6:  HEPA filter test apparatus  
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IV.  TEST SOLUTIONS 

Filtering entrained particulates of simulated HLW and atmospheric dust in the air stream 
challenged the filters. These materials, neglecting the radioactive constituents, are 
believed to be responsible for plugging the existing HEPA filters in the HLW tanks, 
especially under high humidity conditions found in the tanks. Two solutions were mixed 
to simulate the HLW found in HLW tanks at SRS. Only one solution was in the waste 
tank at a time to challenge the filters. The formulations for the HLW simulant 
constituents are shown below.  

Simulated HLW Sludge 
Element   wt %   Element  wt % 
Al  17.66   Ba  0.40 
Ca  2.32   Cr  0.24 
Cu  0.20   Fe  31.76 
Mg  0.26   Mn  10.50 
Na  21.73   Nd  3.42 
Ni  2.10   Pb  0.48 
Sr  0.70   Zn  0.33 
Zr  0.10   K  0.36 
Cs  0.02   Si  7.42 

HLW Simulated Salt 
8.0 M NaOH (Sodium Hydroxide) 
1.5 M NaNO3 (Sodium Nitrate) 
1.7 M NaNO2  (Sodium Nitrite) 
0.4 M NaAl(OH)4  (Sodium Aluminate) 

South Carolina Road Dust 

South Carolina road dust was used to simulate atmospheric dust around SRS. The SC 
dust consisted of topsoil from Aiken County. The soil was dried in an oven to remove the 
moisture and particles larger than 75 microns were sifted out. The dust was slowly 
injected from the dust reservoir into the 9-scfm air stream using a small stream of air. The 
simulated waste tank was empty and the air temperature was approximately 70° F.  

V.  RESULTS AND DISCUSSION 

• CeraMem test filter passed the in place leak DOP test with 99.97% particle 
removal efficiency at the beginning, middle and end of the test campaign. 

• Operated in a high humidity environment with little or no effect on its operation.  
• The performance of the CeraMem filter was adversely affected during the high 

humidity test conditions due to the presence of entrained liquid. However, this 
was due to the design of the filter housing which had no disengagement section. 

• The CeraMem filter regenerated well during the in situ cleaning. That is, the 
airflow and dP across the filters returned to a clean filter status after being 
challenged with simulated HLW sludge, South Carolina road dust and simulated 
HLW salt. (5,6) 

• Additional CeraMem test filters passed the DOP test at SRTC and at the Oak 
Ridge Filter Test Facility.   
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The first performance test on the CeraMem filter was a standard in-place leak (DOP) test 
of HEPA filters, conducted by the site HEPA Filter Test Group at SRS.  The CeraMem 
(H-18) test filter passed the leak test with a 99.97% removal efficiency or greater. The 
same test filter was also DOP tested after the SC road dust test and at the end of the test 
campaign with an efficiency of 99.97% or greater each time. This proved that the filter 
media was not physically breaking down due to the simulants or the in situ cleaning 
during the test campaign. 

The Principal Investigator of the Alternative Filtration Program has concerns on using 
organic challenge materials (PAO or DOP) for conducting leak testing on ceramic media 
due to the wetting effects that the organic have on the surface of the media.   Small 
particle sodium chloride may be a better challenge material for this media. Sodium 
chloride testing has been used with great success in Great Britain and Continental Europe 
for the last 50 years.(7)  A study should be conducted to optimize the method and 
challenge material for leak testing (DOP) the  ceramic and other alternative media. 

The CeraMem filter was tested with water in the simulated waste tank to determine if the 
filter could operate in a high humidity environment without operational problems. The 
water in the waste tank was agitated and heated until the humidity was approximately 
100% in the filter housings. The ceramic filter media was not affect or damaged by the 
high moisture environment. However design attributes of the filter housing cause some 
operational concerns.   

The CeraMem filter performed well during the simulated HLW sludge, salt and the SC 
road dust test.  The airflow and dP across the CeraMem filter recovered overall after 
cleaning the filter in situ as depicted in Figure 7.  The data shows that the CeraMem filter 
regenerated back to a clean filter status after each loading/cleaning cycle.  

Figure 7:  Filter loading and cleaning cycles 
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During the SC road dust test the CeraMem filter was deadheaded (i.e. vacuum being 
pulled on the filter with air flowing due to the plugged condition) to determine if the filter 
would break though or fail. The ceramic filter completely recovered to the original dP 
and airflow of a new filter from the in situ cleaning with no damage occurring to the filter 
media. This condition of filter plugging is a worst case operational scenario, where the 
vacuum pump was allowed to operate deadheaded for several hours allowing the small 
dust particles to be pulled into the filter’s flow channels, potentially making it more 
difficult to regenerate the filter in situ.  

The CeraMem filter operated in a controlled but very hostile environment so that the 
filters would plug in a relatively short period of time. The filter was plugged with HLW 
simulants and cleaned in situ many times with the airflow and dP across the filter 
completely recovering. 

The unknown quantity of radionuclides that may accumulate on a HEPA filter is a 
concern for DOE sites in the case of a catastrophic HEPA filter failure. Application of in 
situ cleanable filters could potentially prevent the buildup of alpha and beta emitters. The 
in situ cleanable CeraMem filter could also be used in other applications such as to 
permit recovery of nuclear materials that collect on HEPA filters. Current design 
concepts for the CeraMem filter housing assembly system will eliminate components 
prone to fail under fire or other high temperature conditions.  Heavy smoke and smoke 
borne particulates may plug the filter, but test results indicate that the plugged condition 
will not cause filter failure and breakthrough.  Testing has proven that a full-scale in situ 
regeneration ceramic membrane is feasible.  Note that a full scale filter would have no 
combustible materials used in the filter or seals. 

Even though the CeraMem filter media has demonstrated great potential as an in situ 
cleanable HEPA filter, much work will be required to certify the filter per the 
requirements of the Code on Nuclear Air and Gas Treatment, ASME AG-1.(4)  Work is 
ongoing with Air Techniques International (ATI) located in Baltimore, Maryland to 
conduct efficiency testing of the alternative filter media. ATI also operates the DOE 
Filter Test Facility (FTF) at Oak Ridge. The FTF is responsible for conducting efficiency 
tests on conventional HEPA filters before installation at DOE facilities. ATI is in the 
process of making modifications to their test equipment to conduct efficiency test on the 
CeraMem filter.  This and other related certification issues will have to be resolved 
before full-scale commercial replacement of conventional disposable HEPA filters with a 
new generation of permanent, cleanable HEPA filters can be obtained.  

We have shown the feasibility of developing an in situ cleanable filter system. However, 
the small-scale laboratory work must be scaled up to full-scale equivalents. This 
represents the next step in the development of the in situ cleanable HEPA filter for HLW 
tanks, which is discussed briefly below. 

Research and testing is ongoing proving this technology of regenerating filters in situ 
using an aqueous solution.  CeraMem and SRTC are working directly with ATI to 
conduct efficiency test on the ceramic media at their Baltimore facility and at the Oak 
Ridge FTF. ATI is in the process of making modifications to their test equipment to 
conduct efficiency test on the full-scale CeraMem filter later this fall. 
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Figure 8 below gives the results of testing the filters at SRTC (PAO) and at ATI (DOP).  
The figure depicts that filters both passed and failed the efficiency test.  This is due to the 
ceramist engineer trying to optimize the retention verses the dP across the media.   The 
figure also depicts that three filters had a much higher retention than the required 99.97%.   

Figure 9 shows the dP vs. face velocity across the various filters tested.  The design point 
in which CeraMem  would like to obtain with greater than a 99.97% efficiency is 
approximately 15” wc dP with a 6 ft/min face velocity.  

 

Passage of 0.3µm DOP- and PAO-Aerosols
Versus Passage of 1.5µm Spherical Silica (aqueous CeraMem test)
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Figure 8:  DOP retention test 

 

VI.  FULL SCALE SINGLE FILTER ELEMENTS 

CeraMem corporation has designed full-scale filter elements for testing at SRTC. The 
full-scale single element test apparatus has been designed and constructed by SRTC.  The 
testing will challenge a single full-scale filter element with HLW simulants. Figure 10 is 
a picture of  two full-scale CeraMem filters. Each filter is 12 inches long and 5.66 inches 
in diameter with approximately 20 ft2 surface area. The media has a pressure differential 
of approximately 15” wc at a face velocity of 6 ft/min.  ATI will conduct efficiency test 
on the full-scale filters once the Oak Ridge FTF is modified.  The filters will undergo the 
efficiency test before the simulant test is conducted at SRTC.  The test will ensure 
99.97% efficiency when challenged with a 0.3-micron hot DOP particle.  
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Pressure Drop of Lab Filters Passing HEPA Test (1" Ø by 12" long) 
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Figure 9:  Representative pressure drop 

 

 
Figure 10:  Full-scale ceramic filter element 
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VII.  ALTERNATIVE FILTRATION FULL SCALE SYSTEM DEPLOYMENT 

A full-scale Alternative Filtration System is planned for construction with the hot 
demonstration of the system being conducted at SRS on HLW Tank 11.  HLW tank 11 is 
a radioactive waste tank containing approximately 0.5 million gallons of radioactive 
waste. This is a waste removal tank that is scheduled for clean out and final closure in the 
near future. Before the hot deployment, the full-scale system will undergo cold testing at 
the SRTC.  

Figure 11 is the conceived CeraMem full -scale filter housing for the ceramic media, 
which is being considered for the full-scale demonstration. The housing will consist of 
approximately 7 full-scale filter elements as depicted in Figure 12. The dirty air will be 
drawn into the bottom end of the housing and clean air will exit through the top of 
housing. After the filter becomes plugged with particulate or when the radioactivity from 
the accumulated particulate approaches area limits, the in situ cleaning system will be 
initiated. Note that the blowers are shut down before initiating the cleaning cycle.   The 
elements are cleaned in situ via back flushing an aqueous solution through the media.   
 

 
Figure 11:  Ceramic full-scale filter housing 
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Figure 12: Filter bundle depicting element arrangement 

 

The new HEPA filter assembly can be modified into an existing system with very little 
system design changes.  For the full scale testing, The demister, reheater, HEPA filter 
assembly and blowers will be skid mounted.   The system is design for 800 cfm.   This 
system was conceived to allow for easy transport during the cold and hot testing.  

Figure 13: System layout, top view 
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VIII.  CONCLUSIONS 

Alternatives media such as CeraMem ceramic membrane holds great promise for use as 
an in situ cleanable/regenerative HEPA filter. The proof-of-principal testing has shown 
that the ceramic media could be suitable as an alternative HEPA filter media. During 
simulated testing the filter regenerated well in situ with a potential for 15 years plus life 
under actual field conditions of the HLW tanks. In addition to eliminating the costs 
associated with disposing of and replacing disposable filters, the strong filter media also 
reduce the potential of a catastrophic HEPA filter failure due to rupture of the filter 
media. 

The CeraMem ceramic membrane filter was plugged and cleaned insitu many times. 
Each time the differential pressure and flow recovered to a clean filter status. The 
ceramic filter media has passed both the standard in-place leak test of and the efficiency 
test for HEPA filters at the DOE Oak Ridge Filter Test Facility with an efficiency of 
99.97% or better.  
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ABSTRACT 

DOE has about 300 high- level waste liquid storage tanks at its various sites.  These are 
maintained at a slight negative pressure to prevent leakage of radioactive contamination 
and avoid buildup of hydrogen in the headspace.  The vent gas from these tanks is filtered 
through disposable glass- fiber HEPA filters.  Replacement of these filters generates both 
a waste disposal problem and a problem associated with operator exposure during filter 
replacement. 

CeraMem Corporation has deve loped a ceramic monolith filter with a composite 
structure as a long- lived replacement for disposal HEPA filters.  The filter employs a 
fine-pored ceramic membrane barrier, which has HEPA filtration properties.  Prototype 
full-size filters (18.5 ft2 each) have been developed and supplied to ORNL’s HEPA Filter 
Test Facility for qualification testing and to the Savannah River Technology Center 
(SRTC) for simulated vent gas tests.  Results presented in this paper show >99.97% 
retention in the standard 0.3 µm DOP aerosol challenge test (at ORNL) and the ability to 
be cleaned effectively by backflushing after plugging (at SRTC). 

Continuing work in this program involves the possible supply of a full size vent gas 
filtration system for evaluation on a high- level waste tank vent line at the Savannah River 
Site (SRS).  A decision on this demonstration installation will be made by DOE in FY 
2002. 
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LIST OF ACRONYMS 

ATI  Air Techniques International 
DOE  U.S. Department of Energy 
DOP  di-octyl phthalate 
FTF  Filter Test Facility 
HEPA  high efficiency particulate air 
HFTA  HEPA filter test apparatus 
HLW  High- level Waste 
INEEL Idaho National Engineering and Environmental Laboratory 
SC  South Carolina 
SRS  Savannah River Site 
SRTC Savannah River Technology Center 

I.  BACKGROUND 

Conventional disposable glass- fiber HEPA filter cartridges are used throughout the U.S. 
Department of Energy (DOE) complex in various radioactive process systems.  These 
filters require routine removal, replacement, and disposal.  This process is not only 
expensive, but subjects site personnel to radiation exposure and adds to an ever-growing 
waste disposal problem.  The conventional HEPA filters also have safety concerns 
regarding the strength of filter media, water damage, and operation in environments with 
elevated temperatures.  The Defense Nuclear Facility Safety Board issued a report 
entitled “HEPA Filters used in the Department of Energy Hazardous Facilities”, 
DNFSB/TECH-23, in which these and other concerns pertaining to conventional HEPA 
filters were addressed. (1) 

The SRS High Level Waste (HLW) tanks are designed to hold approximately 1.0 million 
gallons of radioactive liquid waste.  Figure 1 depicts a typical HLW tank ventilation flow 
diagram.  The tanks are located outdoors and buried in the ground except for the tank top. 
They are equipped with a ventilation system that provides approximately 500 cfm of 
filtered air within the headspace.  The airflow maintains the tank contents at negative 
pressure (-1.0" water column).  The air flows through a demister and condenser where 
water is removed from the air stream.  The flow then enters a reheater where the air is 
heated above the dew point before being filtered at the outlet HEPA Filter and released to 
the atmosphere.  Tanks with secondary containment also have a separate ventilation 
system for the annulus space.  The negative pressure maintained on the tank contents 
prevents the release of radioactive material to the environment.  However, it also allows 
for possible atmospheric dust to be pulled into the tank during normal operation.  

The glass- fiber HEPA filter must exhibit a particle removal efficiency of  99.97+% when 
challenged by thermally generated di-octyl phthalate (DOP) aerosol with a diameter of 
approximately 0.3 microns.  The pleated glass- fiber HEPA filter media has 
approximately 240 ft2 of surface area and is typically contained in a 2 ft x 2 ft x 1 ft 
housing and exhibits a 1 inch of water column (w.c.) differential pressure (∆P) across the 
filter media when clean.  A HEPA filter remains in service until the filter media reaches a 
predetermined maximum pressure drop (approximately 5 inches w.c.) or a high source 
term due to radioactive buildup, and then the filter is replaced.  
 



 

 21 

 
 

Figure 1.  Typical HLW Ventilation System Flow Diagram 

SRS requires that all process HEPA filters pass an in-place leak test both before being 
placed into service, and periodically thereafter.  DOP test connectors are designed into 
each HEPA installation to facilitate the routine in-place DOP test per national and site 
standards.  Both the material challenge and the filter efficiency tests conducted on the 
filters in this study were designed to simulate conditions found in HLW tanks at SRS. 

Previous research has been conducted at other DOE sites such as Lawrence Livermore 
National Laboratory and Oak Ridge National Laboratory to develop an in situ cleanable 
HEPA filter with high media strength.  W. Bergman, et al. conducted research on various 
filter media, such as steel fibers, ceramic, and sintered metal, using reverse air pulse as 
the in situ cleaning method.(2)  The results of these investigations indicate that 
commercially available filter media could be applied to the development of an in situ 
cleanable (using reverse air pulse) HEPA filter sys tem that would meet the performance 
criteria established for a conventional HEPA filter system.  

In FY98 SRS started working on the theory of using high-pressure drop filter media in an 
in situ regenerative filtration system.  The in situ cleaning of the filter media used an 
aqueous solution to regenerate the media to a new, clean filter status.  Testing conducted 
in FY98 and FY99 indicated that an in situ cleanable filtration system is feasible for use 
on the HLW tanks.  

A cost analysis conducted on cleanable HEPA filters showed that the in situ cleanable 
filters have the potential of being cost effective when compared to the conventional glass-
fiber HEPA filters. The study estimated that the DOE complex uses an average of 11,000 
filters per year at an estimated cost of $55 million. Using in situ cleanable HEPA filters 
could save the complex $42 million a year in operating cost.  The study did not include 
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costs associated with glass-fiber filter breakthrough or rupture, but these additional costs 
increase the cost benefit of the in situ cleanable filters for the complex.(2) 

The DOE Tanks Focus Area and The National Energy Technology Laboratory issued a 
“Call for Proposals” to identify vendors conducting research in the area of in situ 
cleanable/regenerative filters or vendors interested in pursuing such technology.(3)  A 
technical evaluation was conducted on the proposals.  Based on the proposals reviewed, 
CeraMem Corporation, located in Waltham, Massachusetts was selected to support this 
research program.  This project is now in its third year.  In the initial phase of the 
program, CeraMem developed small test units (lab scale filters) that demonstrated HEPA 
filter performance and ability to be regenerated by backflushing.  The results of this 
phase were reported at last year’s conference.(8)  This paper presents results from this past 
year’s activities, which entailed the development and testing of full-size, prototype filters. 

II.  TECHNOLOGY 

Figure 2 depicts the design of the CeraMem filter media and the air flow passage through 
the “dead-end” monolith filter.  The passageway ends are plugged with ceramic cement 
in an “alternate, checkerboard pattern”.  As shown, the dirty air with particulate matter 
enters the filter media and the gas flow is constrained to pass through the monolith walls 
separating inlet and outlet passageways.  The membrane coating covers the passageway 
walls, and the entrained particles are filtered from the air onto the surface of the 
microporous membrane.  The clean air flows down the outlet passageways and is 
exhausted from the filter.  Figure 3 shows a full-size prototype filter. 

Below are the characteristics of the “full-size” ceramic monolith filters tested in this 
phase of the program: 

• Monolith Membrane Support:   Silicon carbide 

• Membrane Coating:    Glass-frit-bonded zirconium silicate  

• Overall Element Dimensions:   5.66” diameter x 12” long  
       (144 mm x 305 mm)  

• Monolith Cell Size:    0.079” (2 mm) 

• Monolith Cell Wall Thickness:   0.0315” (0.8 mm) 

• Filtration Surface Area:    18.5 ft2 (1.72 m2) 

Figure 4 shows photomicrographs of the silicon carbide (SiC) monolith pore structure 
(left) with a membrane surface coating (right), with a pore size between 0.2 – 0.5 µm.  
This ceramic membrane provides a relatively low-pressure drop while obtaining HEPA 
filter retention efficiency.  Figure 5 is a photomicrograph of a cross-section view of the 
SiC monolith with the membrane coating.  
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Figure 2.  Airflow Pattern Through Ceramic Monolith Filter  

 

 
Figure 3.  Photograph of Full-Size Monolith Filter (5.66” diameter x 12” length) 
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Figure 5.  Cross-Sectional View of Membrane/Monolith Wall Structure  

Figure 4.  Surface View of Monolith Wall Pore Structure (left), and 
Overlying Membrane Surface Pore Structure (right) 
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III.  FULL SIZE FILTER HEPA CHALLENGE TESTS AT ORNL 

Two series of filters were shipped to ATI to conduct filter efficiency tests at the Oak 
Ridge FTF.  ATI modified their test equipment to conduct these efficiency tests in early 
2001.  Filters were supplied over the spring and summer of 2001 for DOP challenge tests.  
The second series of thirteen filters, with the preferred membrane coating, were tested 
under different gas flow conditions and the results are given in Tables I and II. 

Table I.  DOP Retention Data for Full Size Filters  

Filter Serial No. Air Flow, cfm % Retention (Pass) % Retention (Fail) 

25 99.999  H-28 

125 99.982  

25  98.5 H-29 

125  95.9 

25  99.67 H-30 

125  93.2 

25 99.999  H-31 

125 99.986  

25  99.28 H-33 

125  96.4 

25  97.6 H-39 

125  94.2 

25  99.44 H-40 

125  96.8 

25 99.999  H-41 

125 99.993  

25 99.999  H-42 

125 99.984  

25 99.999  H-43 

125 99.989  

25 99.999  H-44 

125 99.986  

25  99.05 H-46 

125  97.9 

25 99.999  H-47 

125 99.992  
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Table II.  Filter Pressure  Drop at Design Flow (125 cfm) 

Filter Serial No. Pressure Drop, inches water 

H-28 26.1 

H-29 26.0 

H-30 21.2 

H-31 22.5 

H-33 27.2 

H-39 26.8 

H-40 26.5 

H-41 25.2 

H-42 25.6 

H-43 25.1 

H-44 23.2 

H-46 26.8 

H-47 22.6 

As can be observed in the data of Table I, seven of the thirteen filters tested passed the 
HEPA challenge test readily.  Six failed, with quite consistent retention levels.  As of the 
date of preparation of this paper, the filters have not yet been returned to CeraMem for 
examination of wha t appears to be a recurring defect.  In any case, at this stage of making 
the prototype filters, the yield in excess of 50% is considered to be acceptably good. 

Furthermore, the pressure drop data in Table II are acceptable for a full flow system.  It 
may be noted, however, that these pressure drop levels are substantially higher than is the 
pressure drop of standard, disposable, glass- fiber HEPA filter elements. 

IV.  PROCESS TESTS AT SRTC 

Several filters have been supplied to SRTC.  Initial tests with simulated waste sludge 
follow the test procedures described in the paper presented at last year’s conference with 
lab-scale filter elements and are not described again here.(8)  In initial tests with one filter, 
using moderate particulate loadings, the filter has been repeatedly plugged and 
backwashed successfully to recover the initial pressure drop performance. 

A CeraMem filter that was subjected to such preliminary simulant testing at SRTC was 
re-tested by ATI at the FTF for particle retention.  The results are positive in that there 
was little or no change in the retention capability after many in situ cleaning cycles.  This 
indicates that the filter media is not deteriorating when undergoing repeated cleaning.  
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Data showing one filtration cycle (with accelerated plugging during the initial filtration 
cycle), followed by cleaning and a subsequent filtration cycle are shown in Figure 6. 

V.  RELATED APPLICATION AT INEEL  

A set of similar, but smaller diameter, filters has been supplied to INEEL for tests.  Three 
filters have been installed in a filter vessel and are being tested with a simulated non-
radioactive calcine material to obtain results for cleaning the filters in situ using a reverse 
air pulse cleaning method.  The material is very dry throughout the transfer (as well as 
the air used to backpulse).  The filters regenerated/recovered very well in situ from the air 
backpulse method.  After twenty (20) plugging/cleaning cycles, the filters regenerated to 
a clean filter status.  The clean filter pressure drop of 10“ w.c. increased to approximately 
18" w.c. before online backpulse regeneration.   

VI.  ALTERNATIVE FILTRATION FULL SCALE SYSTEM DEPLOYMENT 

A full-scale Alternative Filtration System is planned for construction with the hot 
demonstration of the system being conducted at SRS.  Before the hot deployment, the 
full-scale system will undergo cold testing at SRTC.  

Figure 7 shows the filter housing containing the seven ceramic filters required to handle 
the total vent gas flow, of up to 800+ acfm.  The filter vessel will be incorporated into the 
HFTA skid design previously developed by SRS, replacing the standard HEPA filter.  
The skid blower size will be increased to handle the increased pressure drop of the 
ceramic filters.  The dirty air will be drawn into the bottom end of the housing and clean 
air will exit through the top of housing.  After the filter becomes plugged with particulate 
or when the radioactivity from the accumulated particulate approaches area limits, the in 
situ cleaning system will be activated.  The elements are cleaned in situ via back flushing 
an aqueous cleaning solution through the media, with the backflush liquid returned to the 
HLW tank.   

Figure 6.  Full Size Filter HLW Sludge Challenge Test
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Figure 7.  Filter Housing Containing Seven Filter Elements (800+ acfm) 

VIII.  CONCLUSIONS 

Alternative media such as CeraMem ceramic membrane filters holds great promise for 
use as an in situ cleanable/regenerative HEPA filter.  The proof-of-principal testing has 
shown that the ceramic media could be suitable as an alternative HEPA filter media. 
During simulated testing the filter regenerated well in situ with a potential for 15 years 
life under actual field conditions of the HLW tanks.  In addition to eliminating the costs 
associated with disposing of and replacing disposable filters, the strong filter media also 
reduce the potential of a catastrophic HEPA filter failure due to rupture of the filter 
media. 

The CeraMem ceramic membrane filter technology has been scaled up to produce full 
size filters.  These have been shown to pass the HEPA retention test requirement in 
independent tests at ORNL’s FTF.  Process tests at SRTC show that the filter can be 
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plugged with simulated particulate matter and regenerated by backflush cleaning.  Initial 
test results show minimal (if any) loss of retention with repeated plugging and cleaning.   
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VI. APPENDIX B: MONTHLY REPORTS 
 
 

(Progress Reports I through IV covered Phase I.) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Progress Report IVA 

William F. Haslebacher 
Office of Project Management 
United States Department of Energy 
Federal Energy Technology Center 
3610 Collins Ferry Road 
P.O. Box 880 
Morgantown, WV 26507-0880 

Dear Mr. Haslebacher; 

This letter summarizes the progress during October, 1999, in the execution of Contract No. DE-AC26-
99FT40569. 

Phase IIA of the project was initiated, with the following activities accomplished. 

Task B.2.1.1  Full-scale RHFS Design 
A purchase order for the engineering design was let to Fisher Klosterman, Inc. of Louisville, KY.  A 
preliminary process design was prepared (by CeraMem) for presentation at a project kickoff meeting to 
be held in early November at SRTC. 

Task B.2.1.1  Full-scale HEPA Filter Element Delivery 
Work was initiated on the developed of alternative membrane chemistries for lab elements to obtain 
membrane coatings more chemically durable and more adherent to the silicon carbide monolith supports.  
It is anticipated that several lab elements will be delivered to SRTC in December for DOP tests, prior to 
selection of membrane chemistry for the prototype filters to be delivered at the end of February, 2000. 

A purchase order was let to LiqTech A/S in Denmark to supply ten silicon carbide monolith supports in 
size 5.66” diameter and 12” length.  Delivery by the end of this year is projected. 

Dr. William Cooper was retained as a consultant to assist in project execution.  Dr. Cooper worked with 
the undersigned for about 15 years in the membrane field and is available up to two days per week.  He 
will be involved in both process and filter element housing design and liason with Fisher Klosterman.  

A project schedule, as presently foreseen, is attached.  Please feel free to get in touch with me regarding 
any questions about this report. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Progress Report V 
 

Office of Project Management 
United States Department of Energy 
Federal Energy Technical Center 
3610 Collins Ferry Road 
P.O. Box 880 
Morgantown, WV 26507-0880 

Dear Mr. Haslebacher: 

This letter summarizes the progress during November 1999 in the execution of Contract No. DE-AC26-
99FT40569.  

A project kickoff meeting was held at SRS on November 11, 1999.  Several changes in the program 
direction became apparent as a result of the discussions at this meeting.  These are summarized below. 

Task B.2.1.1 – Full –scale RHFS Design 

On the basis of discussions at the kickoff meeting, the demonstration system design specifications were 
changed to require that only water, hot water, or steam be used to clean the filter to avoid any possible 
contact of the carbon steel HLW tanks with a corrosive fluid.  Further, the system is to have two single 
10” diameter by 14” long ceramic filters (one redundant) rather than two banks of four (4) parallel 5.66” 
diameter filters in order to afford a simpler, more reliable system.   

In the kickoff meeting, it became apparent that incorporating the ceramic filters into the current SRS 
HEPA filter skid design was highly desirable.  Because the ceramic filters can withstand liquid contact 
and remove entrained liquid, the reheater used to protect HEPA filters in the current skid design can be 
replaced by the CeraMem filters.  This will facilitate the necessary approvals for a demonstration unit on 
an actual waste liquid tank, as the vent gas will still be passed through a final DOE-approved HEPA filter.  
The CeraMem filters have the additional advantage that their compactness permits their facile 
incorporation into the existing SRS skid design. 

  ââ  CeraMem is awaiting the SRS design package for the existing HEPA filter skid so that it can make 
the necessary process design modifications noted above and forward the design to Fisher 
Klostermann (FKI).  FKI will make the necessary detailed design changes to (a) replace the 
reheater with the CeraMem filters, and (b) increase the skid blower to accommodate the pressure 
drops of the ceramic filters and HEPA filters in series flow. 

 
Task B.2.1.2 – Full-scale HEPA Filter Element Delivery 

Lab-scale Filter Element Delivery/Testing 

We have been developing alternative membrane chemistries and plan to ship several lab filters with these 
chemistries to SRTC for DOP testing in December.  The scheduled ship date is December 10, 1999.  It is 
our understanding that SRTC will have its contractor conduct tests shortly thereafter.  Once these results 
are in, the membrane to be used in “full size” prototype filters will be chosen. 

Full-Scale Filter Production  
The monoliths required for testing at SRS have been extruded, will be fired in December, and should be 
received by CeraMem before the end of the year.  Twelve (12) monoliths will be in the shipment, and this 
should allow an ample supply to provide more than one filter to SRTC, if desirable.  It is to be noted that 
these filters will be 5.66” diameter x 12” long.  As such, they will be reduced-size prototypes of the larger 
filters (10” diameter x 14” length) now planned for the demonstration system of Phase IIB. 



The housing design for the 5.66” diameter prototype filters has begun, and the prototype housing delivery 
for filter QC testing at CeraMem in February and subsequent shipment to SRTC at the end of February is 
on schedule. 

  ââ   Other than discussions about the washable HEPA filter project, some “off-line” discussions were 
held about the need for a microfiltration system for dewatering sludge in the HLW tanks prior to 
vitrification.  We would greatly appreciate the names of contacts at DOE with whom to discuss 
this need. 

A project schedule, as presently foreseen, is attached.  Please feel free to get in touch with me regarding 
any questions about this report. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Progress Report VI 
 
Office of Project Management 
United States Department of Energy 
Federal Energy Technical Center 
3610 Collins Ferry Road 
P.O. Box 880 
Morgantown, WV 26507-0880 

Dear Mr. Haslebacher: 

This letter summarizes the progress during December, 1999 in the execution of Contract No. DE-AC26-
99FT40569.  

Task B.2.1.1 – Full –scale RHFS Design 

  ââ  CeraMem is awaiting the SRS design package for the existing HEPA filter skid so that it can make 
the necessary process design modifications noted above and forward the design to Fisher 
Klostermann (FKI).  FKI will make the necessary detailed design changes to (a) replace the 
reheater with the CeraMem filters, and (b) increase the skid blower to accommodate the pressure 
drops of the ceramic filters and HEPA filters in series flow. 

Task B.2.1.2 – Full-scale HEPA Filter Element Delivery 

Lab-scale Filter Element Delivery/Testing 

We have encountered some difficulty in preparing new membranes with exactly the properties we desire 
for the lab filter elements to be sent to SRTC for DOP testing.  We now plan to ship in the second half of 
January, 2000.  It is our understanding that SRTC will have its contractor conduct tests shortly thereafter.  
Once these results are in, the membrane to be used in “full size” prototype filters will be chosen. 

Full-Scale Filter Production  
The monoliths required for testing at SRS have been extruded, were fired in December at a Norton plant 
in Germany, and were to have been received by CeraMem before the end of the year.   

ââ As part of closing of this Norton plant and moving to another facility, the monoliths have been lost.  We 
are trying to locate them, and as a fall-back position, our Danish subcontractor (LiqTech) is extruding 
another set of monoliths for firing at Norton’s new facility.  If the first set is not found, the second set will 
not be received by us until mid-February, at the earliest.  This would delay shipment of prototype filters to 
the second half of March, at the earliest. 

Equipment needed for processing and testing of membrane-coated monoliths has been ordered.  This 
consists primarily of masking and cement injection fixtures and equipment for QC filtration tests with 
aqueous suspensions of submicron particles. 

The housing design for the 5.66” diameter prototype filters is complete, and two prototype housings have 
been ordered.  These will be received in January.  It is our intent to provide (ultimately) two filter 
assemblies to SRTC for tests.  Current projected schedule is now at the end of March due to monolith 
delay. 

A project schedule, as presently foreseen, is attached.  Please feel free to get in touch with me regarding 
any questions about this report. 



 
 
 

Progress Report VII 
 
Office of Project Management 
United States Department of Energy 
Federal Energy Technical Center 
3610 Collins Ferry Road 
P.O. Box 880 
Morgantown, WV 26507-0880 

Dear Mr. Haslebacher: 

This letter summarizes the progress during January, 2000 in the execution of Contract No. DE-AC26-
99FT40569.  

Task B.2.1.1 – Full –scale RHFS Design 

  ââ  CeraMem is awaiting the SRS design package for the existing HEPA filter skid so that it can make 
the design modifications to incorporate the washable HEPA filter element. 

 
Task B.2.1.2 – Full-scale HEPA Filter Element Delivery 

Lab-scale Filter Element Delivery/Testing 

Eight lab scale filter elements were sent to SRTC at the end of January and were tested in early February.  
The results will be used (a) to calibrate CeraMem’s internal QC test and (b) to select the membrane 
coating for the prototype filters to be delivered in Phase IIA. 

Full-Scale Filter Production  
The monoliths for the prototype filters (5.66” diameter x 12” length) were received at CeraMem at the 
end of January. 

Equipment needed for processing and testing of membrane-coated monoliths has been ordered.  This 
consists primarily of masking and cement injection fixtures and equipment for QC filtration tests with 
aqueous suspensions of submicron particles. 

The housing design for the 5.66” diameter prototype filters is complete, and two prototype housings have 
been ordered.  These will be modified per discussions with SRTC staff to incorporate desired connections 
for gas and liquids.   

Current projected delivery is now at the beginning of March. 

A project schedule, as presently foreseen, is attached.  Please feel free to get in touch with me regarding 
any questions about this report. 

 
 
 
 
 
 
 
 



Project Report VIII 
 

Office of Project Management 
United States Department of Energy 
Federal Energy Technical Center 
3610 Collins Ferry Road 
P.O. Box 880 
Morgantown, WV 26507-0880 

Dear Mr. Haslebacher: 

This letter summarizes the progress during February, 2000 in the execution of Contract No. DE-AC26-
99FT40569.  

Task B.2.1.1 – Full –scale RHFS Design 

CeraMem has received the SRS design package for the existing SRS HEPA filter skid (mid 
March).  We will review it and submit to FKI for Phase IIB system design and costing.  We will, 
per oral comment from you, size the system at 800 acfm.  We should have a date for expected 
completion of system design and definition of what will be in the design package from FKI in 
early April. 
 

Task B.2.1.2 – Full-scale HEPA Filter Element Delivery 

Full-Scale Filter Production  
The monoliths for the prototype filters (5.66” diameter x 12” length) were received at CeraMem at the 
end of January.  Four were deemed acceptable by CeraMem for coating with membranes.  Membrane 
coating has commenced with the first two coated.  One appears close to acceptable for DOP testing, based 
on a correlation obtained with earlier tests with by SRTC with lab scale modules. 

All components of the housing for the 5.66” diameter prototype filter will be received by CeraMem by the 
end of March, 2000.  Tests with the prototype filter(s) to check the seals will be conducted before the end 
of March.  If all is satisfactory, the prototype stainless steel housing and one filter will be sent to SRTC in 
early April.  Depending on final particle retention QC tests on the filter selected, it will be provided to 
SRTC either as a filter for “debugging” the test system (if particle retention is unsatisfactory), or for DOP 
testing and process testing if our final QC results are good.    

Samples of filter coupons will be sent to ATI by the end of March for DOP testing, per request of Duane 
Adamson. 

A project schedule, as presently foreseen, is attached.  Please feel free to get in touch with me regarding 
any questions about this report. 

 
 
 
 
 
 
 
 
 
 
 



Progress Report IX 
Mr. William Haslebacher 
Office of Project Management 
United States Department of Energy 
Federal Energy Technical Center 
3610 Collins Ferry Road 
P.O. Box 880 
Morgantown, WV 26507-0880 

Dear Mr. Haslebacher: 

This letter summarizes the progress during March, 2000 in the execution of Contract No. DE-AC26-
99FT40569.  

Task B.2.1.1 – Full –scale RHFS Design 

CeraMem has received the SRS design package for the existing SRS HEPA filter skid (mid 
March).  We have reviewed it with FKI (our proposed subcontractor for system design and 
fabrication) and mutually concluded that they are not a suitable subcontractor for either the 
engineering or fabrication of the system in accordance with the SRS Specification requirements.  
[Note:  The Phase IIB system, as originally proposed, was to be to industrial standards, not to 
specifications as demanding as the SRS Specification.] 
We have retained a consultant (Mr. Phil Paquette) who worked previously at CeraMem and has 
many years experience in project management for systems fabricated and supplied to the nuclear 
utility industry.  These systems routinely had N-stamp shop requirements and had design and 
QA/QC requirements similar to SRS’s.  Mr. Paquette will manage the engineering design and 
interface with system suppliers qualified to fabricate systems to specifications similar to SRS’s.  
Some comments on our plans for proceeding with the demonstration system design: 

1. Since the system design is now based on the SRS design package, CeraMem will prepare the 
system design internally as a modification to the SRS design.  The modifications will be in the 
form of revisions to SRS’s P&ID and General Arrangement Drawing.  These will be provided to 
systems fabricators along with added component specifications for the washable HEPA filter and 
added system control and safety instrumentation. 

2. The modified SRS design package will be submitted to the three fabricators identified by SRS as 
recipients of the original SRS RFQ.  Mr. Paquette will contact one to three additional fabricators 
of equipment to similar standards.  These suppliers will be requested to provide estimates (+/- 
10%) to fabricate a system to the modified SRS Specification, with exceptions allowed. 

3. The washable HEPA filter design, recently discussed with Duane Adamson, will be capable of 
handling 800+ acfm and with a significant increase in filter area to minimize pressure drop.  The 
current design approach will contain seven (7) cylindrical filters, each 5.66” diameter by 12” 
length.  These will be housed in a single vessel of diameter <24”.  The total filter area will be 
about 130 ft2.  At 800 acfm, the filter face velocity will be about 6.2 ft/min. 

4. We intend to complete the filter element/vessel design, modified SRS P&ID, and modified SRS 
General Arrangement Drawing and submit these to DOE by mid-May, in anticipation of a design 
review in mid June.  This is contingent on receipt of electronic versions of the SRS drawings at 
CeraMem by early May. 

5.  
Task B.2.1.2 – Full-scale HEPA Filter Element Delivery 

Supply of Filter Coupons to ATI 
Duane Adamson of SRTC has requested that filter element samples be supplied to ATI (Baltimore) for 
DOP testing.  It appears a difference may exist between SRTC’s HEPA filter QC tests and ATI’s.  Since 
the latter’s equipment is used at ORNL for HEPA filter qualification, it is important that this possible 



discrepancy be resolved.  One or more of the 1” elements previously supplied to SRTC and which passed 
SRTC’s test will be tested at ATI.  Mr. Bruce Bishop of CeraMem will join Duane Adamson on April 26 
at ATI to discuss these tests. 

As this trip was not included in the project budget, CeraMem will request, separately, cost coverage for 
the trip. 

Full-Scale Filter Production  
The monoliths for the prototype filters (5.66” diameter x 12” length) were received at CeraMem at the 
end of January.  Four were thought to be suitable for coating with membranes.  However, to date we have 
been unable to make filter elements at the 5.66” size that have the same performance as the 1” filter 
elements provided earlier.  This is due to a combination of factors, including: 

1. The silicon carbide monoliths received by CeraMem were fired in a different furnace at Norton’s 
new facility in Germany, and the firing conditions were more intense than those in the furnace 
previously used by Norton for the 1” elements.  This situation arose because Norton was moving 
from a plant being closed to the new location and the furnace previously used was unavailable in 
the time frame needed for firing monoliths for this program.  The monoliths we received thus 
have a “coarsened” pore structure and the resulting larger pore size of the monoliths has made 
membrane coating difficult. 

2. The 5.66” monoliths were fabricated from cemented quadrants, and the cementing process 
created internal defects that have required development of a new QC procedure for defect 
location and subsequent plugging of monolith passageways adjacent to defects.  This process is 
not yet perfected. 

3. The end cement change from epoxy (used in Phase I) to an inorganic cement has led to defects at 
the ends of the cemented passageways.  We are working to resolve this problem and expect to 
have a reformulated and satisfactory inorganic cement with end seal glaze before the end of May. 

In summary, we are currently limited in our ability to make 5.66” filters which can be expected to pass a 
HEPA filter test by the quality of monolith substrates we have on hand and until we demonstrate a 
suitable inorganic cement.   

We believe the most sensible approach to continuing development of the prototype 5.66” filters would 
consist of the following: 

1. Our supplier of the silicon carbide monoliths is installing a new extruder capable of extrusion of 
5.66” unitary (i.e., not segmented) monoliths.  Initial extrusions will be made during May and 
these should be available in June.  This will coincide with Norton’s bringing on-line the furnace 
originally used for firing of the 1” silicon carbide monoliths.  Given these events, we could have 
substantia lly improved monolith substrates at CeraMem for membrane coating during July. 

2. We plan to have the cement problem resolved by June. 

3. On this basis, we believe it is best to defer further production of 5.66” filter elements until July.  
In the interim, we can supply 5.66” filter elements to SRTC for process tests with simulated 
waste, and intend to supply one filter in housing at the beginning of May for system shakedown 
tests.  We do not believe these filters will pass the ATI HEPA filter test, however. 

We recognize this is a significant slip in schedule, and are discussing the impact with Duane Adamson at 
SRTC.  A project schedule without revision is attached.  Once discussions are held with SRTC and DOE 
personnel about schedule, this will be revised accordingly.  

Please feel free to get in touch with me regarding any questions about this report. 

   



Progress Report X 
 
Mr. William Haslebacher 
Office of Project Management 
United States Department of Energy 
Federal Energy Technical Center 
3610 Collins Ferry Road 
P.O. Box 880 
Morgantown, WV 26507-0880 

Dear Mr. Haslebacher: 

This letter summarizes the progress during April, 2000 in the execution of Contract No. DE-AC26-
99FT40569.  

Task B.2.1.1 – Full –scale RHFS Design 

We will complete the filter element/vessel design, modified SRS P&ID, and modified SRS 
General Arrangement Drawing and submit these to DOE before the end of May, in anticipation of 
the design review in mid June.   
 

Task B.2.1.2 – Full-scale HEPA Filter Element Delivery 

Supply of Filter Coupons to ATI 
Duane Adamson of SRTC and Bruce Bishop of CeraMem were at ATI (Baltimore) on April 26th for DOP 
testing of two lab filter elements previously tested at SRTC.  One element passed and the second came 
close to passing.  This demonstrated that a ceramic membrane-coated filter can be produced which can be 
validated as a HEPA filter. 

Full-Scale Filter Production  
The monoliths for the prototype filters (5.66” diameter x 12” length) were received at CeraMem at the 
end of January.  Four were thought to be suitable for coating with membranes.  However, to date we have 
been unable to make filter elements at the 5.66” size that have the same performance as the 1” filter 
elements provided earlier, as discussed in last month’s report.   

Our ability to make these larger filters, of the size to be used in the final HEPA filter assembly, now 
appears to require using 5.66”-diameter unitary (i.e., not segmented) monoliths.  Based on a meeting in 
Waltham in May with Per Stobbe of LiqTech (Denmark), the supplier of the monoliths, the earliest we 
will receive a new set of pieces is at the beginning of August.  Thus, the earliest we could reasonably 
supply full sizes filters for HEPA certification tests is at the end of August.   

As this presents a serious time limitation for releasing Phase IIB funds based on full size elements passing 
a HEPA test, we will submit separately our suggestions on how best to proceed with the project.   

Regardless, we did supply a segmented 5.66” filter element in a single element housing to SRTC for 
evaluation, even though we do not think this unit will pass a HEPA test.   

A project schedule is appended, but requires revision pending clarification of program tasks.  At the 
planned design review at SRTC in June, Bruce Bishop will be prepared to discuss a realistic schedule for 
us to produce prototype filter elements based on unitary 5.66” x 12” long silicon carbide monoliths as 
well as a schedule for fabrication of a filter vessel with seven filters, an assembly sized to filter 800 
ACFM vent gas flow.  

Also, independently of this report, we will be requesting a no-cost extension through the end of 
September, 2000. 

Please feel free to get in touch with me regarding any questions about this report. 



Progress Report XI 

Mr. William Haslebacher 
Office of Project Management 
United States Department of Energy 
Federal Energy Technical Center 
3610 Collins Ferry Road 
P.O. Box 880 
Morgantown, WV 26507-0880 

Dear Mr. Haslebacher: 

This letter summarizes the progress during May, 2000 in the execution of Contract No. DE-AC26-
99FT40569.  

Task B.2.1.1 – Full –scale RHFS Design 

The Full Scale RHFS preliminary design was completed in May and sent to DOE in three parts as 
a Draft Design Report: 

Part I:  Filter element/filter assembly design (design of ceramic filter subsystem) 

Part II:  Modified SRS P&ID (shows incorporation of filter assembly into current SRS HEPA filter skid 
P&ID) 

Part III:  Modified SRS General Arrangement Drawing (shows incorporation of filter assembly into 
current SDRS HEPA filter skid layout drawing) 

Task B.2.1.2 – Full-scale HEPA Filter Element Delivery 

Our ability to make these larger filters, of the size to be used in the final HEPA filter assembly, will 
require using 5.66”-diameter unitary (i.e., not segmented) monoliths.  Based on a meeting in Waltham in 
May with Per Stobbe of LiqTech (Denmark), the supplier of the monoliths, the earliest we will receive a 
new set of pieces is at the beginning of August.  Thus, the earliest we could reasonably supply full sizes 
filters for HEPA certification tests is at the end of August.   

A project schedule is appended, but requires revision pending clarification of program tasks.  At the 
planned design review at SRTC on June 14th, Bruce Bishop will be prepared to discuss a realistic 
schedule for us to produce prototype filter elements based on unitary 5.66” x 12” long silicon carbide 
monoliths as well as a schedule for fabrication of a filter vessel with seven filters, an assembly sized to 
filter 800 ACFM vent gas flow.  Finally, Bruce will be able to discuss how much of this can be done with 
remaining Phase IIA project funds. 

Please feel free to get in touch with me regarding any questions about this report. 

 

 

 

 

 

 

 

 



Progress Report XII 

Mr. William Haslebacher 
Office of Project Management 
United States Department of Energy 
Federal Energy Technical Center 
3610 Collins Ferry Road 
P.O. Box 880 
Morgantown, WV 26507-0880 

Dear Mr. Haslebacher: 

This letter summarizes the progress during June, 2000 in the execution of Contract No. DE-AC26-
99FT40569.  

Task B.2.1.1 – Full –scale RHFS Design 

The Full Scale RHFS preliminary design was reviewed in a design review held at SRTC on June 14th.  
Present from CeraMem were Dr. Bruce Bishop and Phil Paquette. 

Task B.2.1.2 – Full-scale HEPA Filter Element Delivery 

A proposed project modification providing for delivery of 12 full size filters by October, 2000 first to ATI 
for DOP testing and subsequently to SRTC for process testing has been submitted to DOE.  It is our 
expectation that this will be approved.  Tests at SRTC will be followed at the end of the year on a 
decision about proceeding to Phase IIB of the project. 

The schedule from the last monthly report is appended.  This would be superseded by the new schedule in 
the proposed modification, if approved. 

A no-cost extension through the end of year 2000 has been approved for the project. 

Please feel free to get in touch with me regarding any questions about this report. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



Progress Report XIII 

Mr. Jagdish L. Malhotra 
Office of Project Management 
United States Department of Energy 
Federal Energy Technical Center 
3610 Collins Ferry Road 
Mailstop: E06 
P.O. Box 880 
Morgantown, WV 26507-0880 

Dear Mr. Malhotra: 

This letter summarizes the progress during July, 2000 in the execution of Contract No. DE-AC26-
99FT40569.  

Task B.2.1.1 – Full –scale RHFS Design 

The Full Scale RHFS preliminary design was reviewed in a design review held at SRTC on June 14th.  
Present from CeraMem were Dr. Bruce Bishop and Phil Paquette.  A series of questions/comments raised 
at that meeting will be responded to next month. 

Task B.2.1.2 – Full-scale HEPA Filter Element Delivery 

A proposed project modification providing for delivery of 12 full size filters by October, 2000 first to ATI 
for DOP testing and subsequently to SRTC for process testing has been submitted to DOE.  It is our 
expectation that this will be approved.  Tests at SRTC will be followed at the end of the year on a 
decision about proceeding to Phase IIB of the project. 

During July, we received ten new full size “unitary” monoliths from our supplier, LiqTech of Lyngby, 
Denmark.  We have begun our QC testing of these. 

Continuing membrane development has led to the discovery that the filter retention is determined 
(affected) primarily by a few residual defects at the end faces of the filters.  We have successfully 
developed a “caulking” procedure to heal these defects.  Based on this finding and solution, we are 
hopeful we will meet the DOP HEPA test requirements for both lab modules and full size modules to be 
supplied to ATI. 

The schedule from the last monthly report is appended.  This would be superseded by the new schedule in 
the proposed modification, if approved. 

Please feel free to get in touch with me regarding any questions about this report. 

 
 
 
 
 

 

 

 

 

 



Progress Report XIV 

Mr. Jagdish L. Malhotra 
Office of Project Management 
United States Department of Energy 
Federal Energy Technical Center 
3610 Collins Ferry Road 
Mailstop: E06 
P.O. Box 880 
Morgantown, WV 26507-0880 

Dear Mr. Malhotra: 

This letter summarizes the progress during August 2000 in the execution of Contract No. DE-AC26-
99FT40569.  

Task B.2.1.1 – Full –scale RHFS Design 

The Full Scale RHFS preliminary design was reviewed in a design review held at SRTC on June 14th.  
Present from CeraMem were Dr. Bruce Bishop and Phil Paquette.  A series of questions/comments raised 
at that meeting will be responded to in September. 

Task B.2.1.2 – Full-scale HEPA Filter Element Delivery 

A proposed project modification providing for delivery of 8-12 full size filters by October, 2000 first to 
ATI for DOP testing and subsequently to SRTC for process testing has been submitted to DOE.  It is our 
expectation that this will be approved.  Tests at SRTC will be followed at the end of the year on a 
decision about proceeding to Phase IIB of the project.  As of this date, the modification is being finalized 
by DOE’s Contracting Officer. 

Continuing membrane development has led to the discovery that the filter retention is determined 
(affected) primarily by a few residual defects at the end faces of the filters.  We have successfully 
developed a “caulking” procedure to heal these defects.  More samples of membranes have been sent to 
ATI and some passed the DOP HEPA filter test. 

During July, we received ten new full size “unitary” monoliths from our supplier, LiqTech of Lyngby, 
Denmark.  Four of these have been coated and will be subjected to CeraMem in-house QC tests with the 
hope of having at least two which will be sent to ORNL for DOP challenge testing. 

ASME Project Review 
We have prepared a presentation for this early-September review and will participate on September 11th 
and 12th.  The schedule from the last monthly report is appended.  This will be superseded by the new 
schedule in the proposed modification, once approved. 

Please feel free to get in touch with me regarding any questions about this report. 

 
 
 

 

 

 

 



Progress Report XV 

Mr. Jagdish L. Malhotra 
Office of Project Management 
United States Department of Energy 
Federal Energy Technical Center 
3610 Collins Ferry Road 
Mailstop: E06 
P.O. Box 880 
Morgantown, WV 26507-0880 

Dear Mr. Malhotra: 

This letter summarizes the progress during September 2000 in the execution of Contract No. DE-AC26-
99FT40569.  

Task B.2.1.1 – Full –scale RHFS Design 

The Full Scale RHFS preliminary design will be modified during the next two months, and 
questions/comments raised at the June design review meeting will be responded to as part of a final 
design review anticipated to take place toward the end of the year. 

Task B.2.1.2 – Full-scale HEPA Filter Element Delivery 

Substantial effort has been expended to make full size prototype filters (5.66” diameter by 12” length).  
As of the date of this report, two filter elements have been prepared which meet the internal CeraMem 
retention test and are thought to be capable of meeting the DOP HEPA filter test criterion. 

The prototype filter housing previously sent to SRTC will be returned to CeraMem, providing two 
housings for use in testing of full size filter elements.   It is our intention to ship two filter assemblies 
which will pass the ATI DOP test to ATI at ORNL.  This should be done by the end of October, for tests 
beginning in early November. 

In addition, if we have additional filter elements believed to have adequate retention in our QC tests to 
pass the DOP test, these will be supplied separately to ATI. 

A training session for filter insertion into the housings will be held for Mr. Dave Crosby of ATI in 
Baltimore around the first of November. 

It is anticipated that DOP testing at ORNL will take place in the first half of November with filters 
shipped subsequently to Duane Adamson at SRTC for simulated process tests. 

Site Visit 
Mr. Duane Adamson will make a site visit with the undersigned to the silicon carbide monolith 
fabrication facilities in Denmark and Germany.  This trip will occur the third week in October. 

No-Cost Extension 
At the last project telephone conference, it was suggested and agreed that a no-cost project extension be 
requested.  The suggested extension time was for six months.  Such a request will be made before the end 
of the month. 

Please feel free to get in touch with me regarding any questions about this report. 

 
 
 



Progress Report XVI 

Mr. Jagdish L. Malhotra 
Office of Project Management 
United States Department of Energy 
Federal Energy Technical Center 
3610 Collins Ferry Road 
Mailstop: E06 
P.O. Box 880 
Morgantown, WV 26507-0880 

Dear Mr. Malhotra: 

This letter summarizes the progress during October 2000 in the execution of Contract No. DE-AC26-
99FT40569.  

Task B.2.1.1 – Full –scale RHFS Design 

The Full Scale RHFS preliminary design is being modified, and questions/comments raised at the June 
design review meeting will be responded to as part of a final design review anticipated to take place in the 
first quarter of 2001. 

Task B.2.1.2 – Full-scale HEPA Filter Element Delivery 

Five full size filters have been shipped to ATI at ORNL for DOP tests along with two housings.  Test 
results for these filters follow on the next page.  These retention results are for CeraMem’s liquid 
filtration test with a monodisperse silica suspension.  A graph showing the correlation between this QC 
test and prior aerosol challenge tests with lab size modules is also included.  Based on these results, we 
are hopeful that at least two to three of the filters will pass the DOP challenge test. 

A training session for filter insertion into the housings was held for Mr. Dave Crosby of ATI in Baltimore 
at the beginning of November. 

It is anticipated that DOP testing at ORNL will take place in the first half of December with filters 
shipped subsequently to Duane Adamson at SRTC for simulated process tests. 

No-Cost Extension 
At the last project telephone conference, it was suggested and agreed that a no-cost project extension be 
requested.  The suggested extension time was for six months.  It is our understanding that such a request 
will be initiated by DOE. 

Please feel free to get in touch with me regarding any questions about this report. 

 



Test Results for Filters sent to ORNL 
 

Filter # Passage of 1.5µm silica Pressure drop at 6 ft/min 

7 0.6 % 19 “wc 

9 2.4 % 11 “wc 

10 0.9 % 10 “wc 

13 1.6 % 13 “wc 

14 0.5 % 12 “wc 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Progress Report XVII 

Mr. Jagdish L. Malhotra 
Office of Project Management 
United States Department of Energy 
Federal Energy Technical Center 
3610 Collins Ferry Road 
Mailstop: E06 
P.O. Box 880 
Morgantown, WV 26507-0880 

Dear Mr. Malhotra: 

This letter summarizes the progress during November 2000 in the execution of Contract No. DE-AC26-
99FT40569.  

Task B.2.1.1 – Full –scale RHFS Design 

The Full Scale RHFS preliminary design is being modified, and questions/comments raised at the June 
design review meeting will be responded to as part of a final design review anticipated to take place in the 
first quarter of 2001. 

Task B.2.1.2 – Full-scale HEPA Filter Element Delivery 

Five full size filters have been shipped to ATI at ORNL for DOP tests along with two housings.  It is 
anticipated that DOP testing at ORNL will take place in the first half of January with filters shipped 
subsequently to Duane Adamson at SRTC for simulated process tests. 

No-Cost Extension 
A no-cost project extension for six months, through June 2001, will be requested to allow for project 
delays.   

Please feel free to get in touch with me regarding any questions about this report. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



Progress Report XVIII 

Mr. Jagdish L. Malhotra 
Office of Project Management 
United States Department of Energy 
Federal Energy Technical Center 
3610 Collins Ferry Road 
Mailstop: E06 
P.O. Box 880 
Morgantown, WV 26507-0880 

Dear Mr. Malhotra: 

This letter summarizes the progress during December 2000 in the execution of Contract No. DE-AC26-
99FT40569.  

Task B.2.1.1 – Full –scale RHFS Design 

The Full Scale RHFS preliminary design is being modified, and questions/comments raised at the June 
design review meeting will be responded to as part of a final design review anticipated to take place in the 
first quarter of 2001.  At present, the redesign focuses on the filter vessel housing, and this will be 
completed in January. 

A related activity is the development of an Acceptance Test Plan.  This has been initiated and an outline 
will be completed in January. 

Task B.2.1.2 – Full-scale HEPA Filter Element Delivery 

Five full size filters have been shipped to ATI at ORNL for DOP tests along with two housings.  It is 
anticipated that DOP testing at ORNL will take place in the first half of January with filters shipped 
subsequently to Duane Adamson at SRTC for simulated process tests. 

No-Cost Extension 
A no-cost project extension for six months, through June 2001, has been granted.   

Please feel free to get in touch with me regarding any questions about this report. 

 
 

 

 

 

 

 

 

 

 

 

 

 



Progress Report XIX 

Mr. Jagdish L. Malhotra 
Office of Project Management 
United States Department of Energy 
Federal Energy Technical Center 
3610 Collins Ferry Road 
Mailstop: E06 
P.O. Box 880 
Morgantown, WV 26507-0880 

Dear Mr. Malhotra: 

This letter summarizes the progress during December 2000 in the execution of Contract No. DE-AC26-
99FT40569.  

Task B.2.1.1 – Full –scale RHFS Design 

The Full Scale RHFS preliminary design is being modified, and questions/comments raised at the June 
design review meeting will be responded to as part of a final design review anticipated to take place in the 
first quarter of 2001.  At present, the redesign focuses on the filter vessel housing, and this will be 
completed in January. 

A related activity is the development of an Acceptance Test Plan.  This has been initiated and an outline 
will be completed in January. 

Task B.2.1.2 – Full-scale HEPA Filter Element Delivery 

Five full size filters have been shipped to ATI at ORNL for DOP tests along with two housings.  It is 
anticipated that DOP testing at ORNL will take place in the first half of January with filters shipped 
subsequently to Duane Adamson at SRTC for simulated process tests. 

No-Cost Extension 
A no-cost project extension for six months, through June 2001, has been granted.   

Please feel free to get in touch with me regarding any questions about this report. 

 
 

 

 

 

 

 

 

 

 

 

 

 



Progress Report XX 

Mr. Jagdish L. Malhotra 
Office of Project Management 
United States Department of Energy 
Federal Energy Technical Center 
3610 Collins Ferry Road 
Mailstop: E06 
P.O. Box 880 
Morgantown, WV 26507-0880 

Dear Mr. Malhotra: 

This letter summarizes the progress during February, 2001 in the execution of Contract No. DE-AC26-
99FT40569.  

The test results from ATI’s tests during January/February are appended.  These have been discussed with 
DOE personnel, separately.  Briefly, two of the five filters fell very slightly below the HEPA test standard 
(did not pass).  The other filters deviated more from the standard.  Further, the previous correlation 
between the CeraMem aqueous silica QC retention test and the ATI DOP test did not fit the test data well.  
We had expected better performance of the filters than that obtained.  ATI will repeat some of the tests 
during March to determine if their test results could have had any error.  CeraMem will also evaluate its 
test procedure during this period. 

A proposal for a project modification was prepared and submitted during February.  As you know, this 
proposed modification is currently under review. 

Please feel free to get in touch with me regarding any questions about this report. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Progress Report XXI 

Mr. Jagdish L. Malhotra 
Office of Project Management 
United States Department of Energy 
Federal Energy Technical Center 
3610 Collins Ferry Road 
Mailstop: E06 
P.O. Box 880 
Morgantown, WV 26507-0880 

Dear Mr. Malhotra: 

This letter summarizes the progress during March, 2001 in the execution of Contract No. DE-AC26-
99FT40569.  

The proposal for a project modification prepared and submitted during February was approved by DOE, 
and we are now proceeding with the work as efficaciously as possible.  The sections below, and 
accompanying schedule, have been modified to reflect the remaining work on the program.  This includes 
unfinished tasks from earlier periods and the tasks included in the modification.  Also, the schedule has 
been modified to reflect the time needed for the current work to be performed during calendar year 2001.  
This schedule needs to be reviewed with DOE staff to assure the work is completed to meet the project 
schedule requirements of DOE. 

Task B.2.1.1.  Full-Scale RHFS Design 

A revised filter vessel design is scheduled to be completed at the end of March and will be provided with 
the next monthly report.  We will begin the design modifications to the full scale RHFS in May, 
completing the modifications arising from last year’s design review in June.  A cost for the system will 
then be developed, interactively, by HiLine Engineering & Fabrication (Richmond, WA) during June and 
July.  This design activity will be reported/reviewed during a final design review at SRS in early August. 

Task B.2.1.2.  Full –Scale HEPA Filter Element Delivery to ATI/SRTC 
This task will entail the production of two sets of filter elements.  A first set will use the remaining 
monolith supports at CeraMem.  These will be coated with membranes and tested during May.  This will 
be followed by DOP tests by ATI at ORNL during early June and shipment to SRTC at the end of June.  
These filters will serve as the filter samples for process tests by Duane Adamson at SRTC. 

A second larger set of filters will be produced from a new batch of monoliths to be fabricated by LiqTech 
Aps (Denmark).  Due to the time required to produce the monoliths, these will not be available as finished 
filters until mid-summer.  About 20 filters will be produced and sent to ORNL for DOP testing.  The 
purpose of producing these filters is to demonstrate reproducibility of full-scale ceramic filters that can 
pass the HEPA challenge test. 

Additional stainless steel housings and boot seals will be procured to support the testing and supply of 
full-scale filters, as shown in the schedule. 

Task B.2.1.4.  Acceptance Test Plan of Full-Scale RHFS 

We have been slowing developing a draft Test Plan.  A draft of this will be finalized in May and sent to 
DOE for review and comment. 

Other 

Other activities are as indicated in the revised schedule and should be self-explanatory. 

Please feel free to get in touch with me regarding any questions about this report. 



Progress Report XXII 
 
Mr. Jagdish L. Malhotra 
Office of Project Management 
United States Department of Energy 
Federal Energy Technical Center 
3610 Collins Ferry Road 
Mailstop: E06 
P.O. Box 880 
Morgantown, WV 26507-0880 

Dear Mr. Malhotra: 

This letter summarizes the progress during April, 2001 in the execution of Contract No. DE-AC26-
99FT40569.  

Task B.2.1.1.  Full-Scale RHFS Design 

A revised filter vessel design was completed at the end of March and has gone through an internal design 
review, leading to some changes being made.  This was done in April and will be reviewed in the site visit 
planned for Duane Adamson and you on May 24, 2001. 

We have begun the design modifications to the full scale RHFS.  At your site visit in May, we will 
discuss, and presumably settle, the design package that will be needed for the SRS Design Review to be 
scheduled in August.  We have begun providing preliminary system design detail to HiLine Engineering 
& Fabrication (Richmond, WA), who will prepare a system quotation.   

All of this design activity will be reviewed during your visit to insure that we have the necessary 
information prepared for the final design review at SRS in August. 

Task B.2.1.2.  Full –Scale HEPA Filter Element Delivery to ATI/SRTC 
This task will entail the production of two sets of filter elements.  A first set will use the remaining 
monolith supports at CeraMem.  These will be coated with membranes and tested during May.  This will 
be followed by DOP tests by ATI at ORNL during early June and shipment to SRTC at the end of June.  
These filters will serve as the filter samples for process tests by Duane Adamson at SRTC.  [As of the 
date of this report, the schedule for shipment of this set of filters is for the first week in June.] 

A second larger set of filters will be produced from a new batch of monoliths to be fabricated by LiqTech 
Aps (Denmark).  Due to the time required to produce the monoliths, these will not be available as finished 
filters until mid-summer.  About 20 filters will be produced and sent to ORNL for DOP testing.  The 
purpose of producing these filters is to demonstrate reproducibility of full-scale ceramic filters that can 
pass the HEPA challenge test.  [As of the date of this report, the monoliths required to make the filters 
have been received at CeraMem.] 

In April, we treated two of the earlier full size filters which failed the DOP test at ORNL by a caulking 
procedure.  These were retested by ATI, and did not pass again.  The results are given below.  However, 
on receipt of the filters from ATI after the retest, it is clear they were damaged, either during installation 
or removal.  As it is unclear when this damage occurred, the retest results are, unfortunately, suspect. 

 Filter #9 (Caulking “A”) Filter #10 (Caulking “B”) 
 1.st test 2.nd test 1.st test 2.nd test 
Air flow pressure drop @ 6 ft/min 18.8 18.8 15.4 13.8 
Silica retention (1.5 µm particles) 98.8% 99.0% 99.1 99.9% 
DOP retention (0.3 µm aerosol) 99.92% 99.92% 99.87% 99.93% 



The schedule quoted by our supplier to make the two additional stainless steel housings has proven to be 
excessively long.  Since NaCl aerosol challenge tests are not being performed at the University of North 
Dakota, as originally planned, and CeraMem now does not need a housing in Waltham for filter testing, 
this procurement has been deferred.  The necessary new boot seals to support the production and testing 
of a large number of filters have been ordered.   

Task B.2.1.4.  Acceptance Test Plan of Full-Scale RHFS 

We have been slowing developing a draft Acceptance Test Plan.  An outline of this has been prepared for 
discussion with Duane during you visit in May.  Following this discussion, the test plan will be sent to 
DOE for formal review and comment. 

Other 

Other activities are as indicated in the revised schedule (same as in last month’s report) and should be 
self-explanatory. 

?As the current schedule extends beyond the contract termination date of the end of June, we will need a 
new “no cost extension” through the end of September.   

Please feel free to get in touch with me regarding any questions about this report. 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Progress Report XXIII 

Mr. Jagdish L. Malhorta 
Office of Project Management 
United States Department of Energy 
Federal Energy Technical Center 
3610 Collins Ferry Road 
Mailstop: E06 
P.O. Box 880 
Morgantown, WV 26507-0880 

Dear Mr. Malhotra: 

This letter summarizes the progress during May, 2001 in the execution of Contract No. DE-AC26-
99FT40569.  

A detailed Project Review was held at CeraMem on May 24, 2001, attended by Duane Adamson and you.  
Based on this meeting you are fully current on project status. 

Task B.2.1.1.  Full-Scale RHFS Design 

A revised filter vessel design has been completed and is appended. 

The design modifications to the full scale RHFS are underway.  At your site visit in May, we discussed 
the design package that will be needed for the SRS Design Review to be scheduled in August.  We have 
begun providing preliminary system design detail to HiLine Engineering & Fabrication (Richmond, WA), 
who will prepare a system quotation.   

Task B.2.1.2.  Full –Scale HEPA Filter Element Delivery to ATI/SRTC 
This task entails the production of two sets of filter elements.  A first set is based on the use of some 
remaining monolith supports at CeraMem.  These were coated with membranes and preliminary tests 
began at CeraMem during May.  This will be followed by DOP tests by ATI at ORNL during June and 
shipment to SRTC thereafter.  These filters are intended to serve as the filter samples for process tests by 
Duane Adamson at SRTC.  [These filters were shipped on June 14 and will be at ORNL on June 15.] 

A second larger set of filters will be produced from a new batch of monoliths in July and August.  About 
20 filters will be produced and sent to ORNL for DOP testing.  The purpose of producing these filters is 
to demonstrate reproducibility of full-scale ceramic filters that can pass the HEPA challenge test.  [As of 
the date of this report, the monoliths required to make the filters have been received at CeraMem.]  

Task B.2.1.4.  Acceptance Test Plan of Full-Scale RHFS 

We discussed during your visit the contents of a draft Acceptance Test Plan we are currently preparing.  
We intend to provide this as part of the RHFS Design Package to be submitted to DOE during the second 
half of July. 

Other 

Other activities are as indicated in the revised schedule (same as in last month’s report) and should be 
self-explanatory. 

?As the current schedule extends beyond the contract termination date of the end of June, we will need a 
new “no cost extension” through the end of September.  [We have requested this in a letter to Mary 
Gabriele as of June 14.] 

Please feel free to get in touch with me regarding any questions about this report. 

 



Progress Report XXIV 

Mr. Jagdish L. Malhorta 
Office of Project Management 
United States Department of Energy 
Federal Energy Technical Center 
3610 Collins Ferry Road 
Mailstop: E06 
P.O. Box 880 
Morgantown, WV 26507-0880 

Dear Mr. Malhotra: 

This letter summarizes the progress during June, 2001 in the execution of Contract No. DE-AC26-
99FT40569.  

Task B.2.1.1.  Full-Scale RHFS Design 

A revised filter vessel design was completed and submitted to you last month. 

As of the date of this report, the design package is essentially complete.  After a final internal review, this 
should be forwarded to you (as well as Mike Terry and Duane Adamson), by the end of this month (July). 

Task B.2.1.2.  Full –Scale HEPA Filter Element Delivery to ATI/SRTC 
During June and early July, three experimental activities were undertaken.  These are summarized below. 

Caulking and Re-Testing of Full Size Filters.  Two of the initial lot of full-scale filters tested by ATI at 
ORNL earlier in the year were returned to CeraMem.  These were “caulked” by filtering a dilute 
suspension of ceramic fines, dried and fired to bond the caulking fines.  The filters were then retested at 
CeraMem in our liquid filtration test and subsequently by ATI at ORNL.  The results are given below: 

 Filter #9 Filter #10 
 1st test 2nd test 1st test 2nd test 
Air flow pressure drop, inches water 
@ 6 ft/min 

18.8 18.8 15.4 13.8 

Silica retention (1.5 µm particles) 98.8% 99.0% 99.1 99.9% 
DOP retention (0.3 µm aerosol) 99.92% 99.92% 99.87% 99.93% 
 

The results indicated that caulking appeared to heal minor defects, with filter #10 approaching HEPA 
filter performance.  Based on these results, a first set of full-scale filters were made, caulked and shipped 
to ORNL. 

First Set of Full-Scale Filters Tested at ORNL 

The results were mixed.  First, the good results are that two filters passed the DOP test with >99.97% 
retention (Filters #H25 and H20).  The other, heavily-caulked filters, with high pressure drop, showed 
very poor DOP retention, even though these showed very high retention in CeraMem’s aqueous silica 
particle retention test.  Also, a full-scale filter that Duane Adamson has been testing at SRTC (Filter #7) 
with plugging and washing was retested by ATI at ORNL and showed negligible change in DOP 
retention, a very promising result indicative of good membrane durability. 

We explain these results in the following manner.  CeraMem’s silica retention test is a measure of steric 
rejection of 1.5µm particles, and very high retention (e.g., >99.9%) is a measure of few, if any, pores or 
defects in the membrane of this size or larger.  The DOP test is a measure both of steric and diffusional 
aerosol capture.  For the heavily caulked filters, we believe a low permeability membrane was formed 



with a few submicron cracks.  Thus, during the DOP test, high flow through these cracks led to high DOP 
passage – even though the steric capture for 1.5 µm silica particles was very high. 

From these results, we concluded that a somewhat different path to membrane application was desired.  
Results of tests conducted in June are described below. 

Laboratory-Scale Modules and Test Results 

The above results led us to conclude that application of multiple coats should address the problems 
encountered to date.  Accordingly, during June several laboratory modules were prepared with the old 
membrane application means and using multiple coats.  The lab-scale filters were prepared and tested in 
duplicate.  Testing included the silica retention test at CeraMem and the DOP test at ATI in Baltimore.  
As we are now reviewing the results for potential patentability, they will not be disclosed fully in this 
report.  However, the most important result is that we have now made laboratory scale filters (in duplicate 
and without caulking) which have shown the test results below.  These are far and away the best filters we 
have ever made. 

  Pressure Drop:   24” water at 10 ft/min filter face velocity 
  DOP Passage (ATI test): 99.9999% & 99.9998% 

Production of Next Sets of Full-Scale Filters 

Based on these results, we are now producing (as of the date of this report) a lot of eight filters.  We 
expect to ship these to ATI by July 27 for DOP tests at ORNL.  We will then make one more lot of eight 
filters for shipment by mid-August.  We expect to ship a final lot of eight filters by the end of August.  

Task B.2.1.4.  Acceptance Test Plan of Full-Scale RHFS 

The draft Acceptance Test Plan we are currently preparing will be submitted shortly included in the draft 
Full-Scale RHFS Design Package. 

Please feel free to get in touch with me regarding any questions about this report. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



Progress Report XXV 

Mr. Jagdish L. Malhorta 
Office of Project Management 
United States Department of Energy 
Federal Energy Technical Center 
3610 Collins Ferry Road 
Mailstop: E06 
P.O. Box 880 
Morgantown, WV 26507-0880 

Dear Mr. Malhotra: 

This letter summarizes the progress during July, 2001 in the execution of Contract No. DE-AC26-
99FT40569.  

Task B.2.1.1.  Full-Scale RHFS Design 

The preliminary Full-Scale RHFS Design was submitted during this reporting period.  A preliminary 
design review has been scheduled at SRTC for September 19, 2001. 

Task B.2.1.2.  Full –Scale HEPA Filter Element Delivery to ATI/SRTC 
A lot of seven filters has been shipped to ATI at ORNL.  These will be tested in August.  A second lot of 
eight filters is being produced, and will be shipped during August, also.  Once we have DOP test results 
on these, we will then make one more lot of eight filters for shipment anticipated to be during September.   

Several lab scale modules with silicon carbide membranes were produced and shipped to ATI (Baltimore) 
for HEPA filter tests.  These filters had very high retention, but also high pressure drop.  This is related to 
making the membrane coating with too fine a pore size.  We anticipate one more iteration to make the 
silicon carbide membranes at this scale.  ATI’s results are shown in the attached table. 

Task B.2.1.4.  Acceptance Test Plan of Full-Scale RHFS 

The draft Acceptance Test Plan was included in the draft preliminary Full-Scale RHFS Design Package. 

Last month’s schedule is appended without modification pending a decision by DOE about a project no-
cost time extension. 

 

 
 

 

 

 

 

 

 

 

 

 

 

Lab Scale SiC Membrane Filters Tested at ATI (August, 2001) 

    

Sample Number  % DOP-Retention 
Pressure drop, in. wc 
@ 6ft/min 

1  99.996 >36 

2  99.931 28.15 

3  99.88 30.35 

4  99.9905 >36 

5  99.996 >36 

6  99.9945 >36 

    

Note:  Pressure drop >36 inches wc was not measurable by ATI’s manometer 

Pressure drop will be measured at CeraMem on filter return. 

  



Progress Report XXVI 

Mr. Jagdish L. Malhorta 
Office of Project Management 
United States Department of Energy 
Federal Energy Technical Center 
3610 Collins Ferry Road 
Mailstop: E06 
P.O. Box 880 
Morgantown, WV 26507-0880 

Dear Mr. Malhotra: 

This letter summarizes the progress during August, 2001 in the execution of Contract No. DE-AC26-
99FT40569.  

Task B.2.1.1.  Full-Scale RHFS Design 

The preliminary Full-Scale RHFS Design was submitted during the previous reporting period.  An 
addendum with corrections was also submitted, and is appended. 

A preliminary design review was scheduled at SRTC for September 19, 2001, but postponed.  A date, 
probably in the November time frame, is being arranged by Duane Adamson at SRTC. 

Task B.2.1.2.  Full –Scale HEPA Filter Element Delivery to ATI/SRTC 
Fifteen filters have been shipped to ATI at ORNL and tested.  Results were submitted separately to the 
Project Team.  These are appended.  In general, 7 of 13 filters tested passed, all with retention well 
exceeding the HEPA DOP retention standard.  Six failed, with consistent results.  These will be examined 
on return to CeraMem to try to identify any “consistent defect”.  Two filters were damaged on the ends 
due to improper packing at CeraMem prior to shipment. 

Based on these results, we conclude that we can repeatedly make filters to pass the HEPA challenge test.  
We would expect yield to increase as we gain more experience.  Given this conclusion and the fact that 
the project is current “over budget”, we do not anticipate producing any more filters for ATI tests at 
ORNL. 

Task B.2.1.4.  Acceptance Test Plan of Full-Scale RHFS 

The draft Acceptance Test Plan was included in the draft preliminary Full-Scale RHFS Design Package. 

A new schedule is appended including a six-month no-cost extension.  Please feel free to get in touch 
with me regarding any questions about this report. 

 

 

 

 

 

 

 

 

 



Progress Report XXVII 

Mr. Jagdish L. Malhorta 
Office of Project Management 
United States Department of Energy 
Federal Energy Technical Center 
3610 Collins Ferry Road 
Mailstop: E06 
P.O. Box 880 
Morgantown, WV 26507-0880 

Dear Mr. Malhotra: 

This letter summarizes the progress during September, 2001 in the execution of Contract No. DE-AC26-
99FT40569.  

Task B.2.1.1.  Full-Scale RHFS Design 

The design review was scheduled at SRTC for September 19, 2001, but postponed.  A date, probably in 
the November time frame, is being arranged by Duane Adamson at SRTC. 

Task B.2.1.2.  Full –Scale HEPA Filter Element Delivery to ATI/SRTC 
A total of twenty-one full-scale filters were shipped to ATI for DOP tests.  Results for the second lot of 
15 were included in last month’s report. 

Task B.2.1.4.  Acceptance Test Plan of Full-Scale RHFS 

The draft Acceptance Test Plan was included in the draft preliminary Full-Scale RHFS Design Package. 

A new schedule is appended including a six-month no-cost extension.   

Effective this month, Bruce Bishop at CeraMem will be assuming the primary program management 
responsibility for CeraMem. 

Please feel free to get in touch with me regarding any questions about this report  or our ongoing 
activities. 

  
 

 

 

 

 

 

 

 

 

 

 

 



Progress Report XXVIII 

Mr. Jagdish L. Malhorta 
Office of Project Management 
United States Department of Energy 
Federal Energy Technical Center 
3610 Collins Ferry Road 
Mailstop: E06 
P.O. Box 880 
Morgantown, WV 26507-0880 

Dear Mr. Malhotra: 

This letter summarizes the progress during October, November and December 2001 in the execution of 
Contract No. DE-AC26-99FT40569.  

Task B.2.1.1.  Full-Scale RHFS Design 

A design review was held at the Savannah River site on December 12, 2001.  Attendees for CeraMem 
Corporation were Phil Paquette and the undersigned.   

The current schedule is appended.  Further work on the project is being held in abeyance pending feed 
back from DOE on project continuation. 

Please feel free to get in touch with me regarding any questions about this report  or our ongoing 
activities. 

  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





























































































































































 

 

 

 

 

 

 

 

 

VIII: APPENDIX D: QUESTIONS/ANSWERS AFTER JUNE 2000 DESIGN 
REVIEW 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



CeraMem’s Responses to June 14, 2000 Design Review Comments  
     
1. What gasket material will be used? 
 
EPDM 

 
2. Use welded vs. bolted joint for can to tube sheet attachment. 
 
At this time, we prefer to use the gasketed design since this has been shown to work well 
at ORNL.  We believe this should be acceptable to SRS because (1) gasketed joints are 
used elsewhere, e.g., HEPA filter flanges, and (2) the gasketed joints are entirely internal 
to the filter vessel.  Furthermore, the number of mechanical joints at the tube sheet has 
been significantly reduced by utilizing a studding outlet design on the  filter can flange, 
with non-penetrating bolt holes in the vessel tube sheet.  While we believe welding the 
filter cans to the tube sheet is feasible, this would require development and testing.  

 
3. Weld the entire vessel together. 
 
CeraMem has redesigned the vessel and eliminated the large body flange previously 
employed.  

 
4. A flow meter exists in the stack. 
 
The existing flow meter can be utilized assuming it can be instrumented to perform the 
necessary functions of the system design. This will be determined in the detailed design 
phase. 
 
5. What are the manufacturing tolerances of filter elements? 

 
Filter cans and seals between the filter elements and cans take into consideration the 
tolerances of the ceramic filter elements.  The tolerance in filter diameter is 5.66 +/- 
0.079”, and tolerance in length is 12” +/- 0.050”. 
 
6. What is the failure rate in manufacturing and in operation? 

 
CeraMem is still developing the filter manufacturing process.  The initial product yield in 
the first production run was slightly above 50%.  CeraMem anticipates that once a fully 
developed manufacturing process is place, these filters will be made at yields above 90%. 
 
The failure rate of filters in operation is unknown at this time.  It will be highly dependent 
upon the actual processing conditions and can only be determined through in-field use.  
Fifteen-year life is considered a reasonable expectation. 
 
 
 
 



7. Eliminate bypass around CM Filter. 
 

Done. 
 
8. What is the estimated cleaning volume. 

 
The volume of the upper filter vessel plenum and flush lines is estimated at about 45 
gallons.  If two volumes of cleaning/flush water were used, about 90 gallons of water 
would be used in each cleaning.  However, this depends on the cleaning cycle 
requirements under development at SRTC. 
 
9. What is the weight of the unit? Add lifting lugs. 
 
CeraMem estimates the weight of the vessel at approximately 1200 pounds. This includes 
the weight of seven filter cans at 42 pounds each.  Lifting lugs are included in the current 
design.  

 
10. Explore other cleaning mechanisms such as use of steam. 
 
Development of cleaning techniques is to be done by SRTC.  We can design the system 
to incorporate steam or other in situ techniques, if found desirable by SRTC. 
 
11. What codes and standards are you designing and constructing the HEPA Filter Unit? 
 
CeraMem’s ceramic filter unit will be built based on the existing Tank 11 H&V Skid 
design as defined in SRS Specification G-SPP-H-00022 and referenced standard ASME 
N509.  The additions and modifications will be made in accordance with these 
specifications, codes and standards.  The new filter vessel will conform to ASME VIII 
and could be stamped or not (designed only) depending on WSRC requirements.  The 
ductwork, piping and other mechanical and electrical features would conform to the 
appropriate existing specifications as well. 

 
CeraMem’s ceramic, cleanable filter itself is uniquely different in design, construction 
and performance from the traditional, disposable, glass fiber filters currently in use and 
for which SRS’s Specification M-SPP-G-00243 and referenced standard ASME N510 are 
written. Therefore, CeraMem intends to review and interpret the appropriate specification 
and standard sections and requirements  in order to provide both intended and meaningful 
design features and test results for it’s unique ceramic HEPA filter.   

 
12. In your design and construction of the HEPA Filter Unit, are you following 

ANSI/ASME AG-1 (formerly ANSI/ASME N-509 & N-510)? Ultimately the HEPA 
Filter Unit has to be constructed in accordance with ANSI/ASME AG-1 (Design & 
construction formerly N-509 the inspections and testing N-510). 

 
With regard to AG-1, CeraMem understands that AG-1 represents the evolution of the 
two industry standards N509 and N510 into actual ASME Code documents.  As such, and 



if required, this code will be followed when it supercedes the standards.  Certain 
exceptions arise from the differences between the glass fiber HEPA filter and CeraMem’s 
unique ceramic HEPA filter.  As discussed above, other than the filter elements and 
process parameters related to these (e.g. pressure drop), the design will conform to the 
existing WSRC specifications.  
 
13. Material that will be selected for O.D. Skin  covering of the filter media is of concern.  

If  material fails, liquid will get into the dead space. This O.D. surface should be a 
ceramic solid surface. 

 
The skin of the filter could potentially be sealed with a commercially available silicate 
based glaze.  Chemical and mechanical durability of the coating would have to be 
evaluated were this approach taken.  Instead, we intend to fill the dead space with 
suitable vulcanized EPDM  potting compound. 
 
14. Recommend vacuum pump discharge line to be routed to stack in place of waste tank. 
 
The vacuum drying technique has been abandoned in the current design.  This line will 
now be used to supply heated air for filter element drying.  
 
15. Consider using cement seal at filter can interface top and bottom.  Note: Channel 

plugs are cement seal → need standard change? 
 

While ceramic-metal seals might be possible, we see this as a significant development 
program, unnecessary since the EPDM seal should be long- lived in radioactive service.  
A flexible seal at this position allows for differences in coefficients of thermal expansion 
between the ceramic filter and the metal can.  It also accommodates dimensional 
tolerances for the  can and filter elements.  Finally, it places the elements under a slight 
compressive load.  These factors minimize mechanical stresses on the filter, providing the 
most reliable design. 

 
16. What is structural integrity of ceramic, how much force/impact to crack/fracture? 
 
The compressive strength of the monoliths is about 5800 psi while the flexural strength 
(i.e. modulus of rupture) ranges from 300 to 4350 psi depending on direction.  CeraMem 
has no problems handling the parts during filter fabrication and would not anticipate any 
mechanical problems of the filter assemblies during installation. 
 
During operation, the largest stresses are during water back flushing.  The monolith, 
based on CeraMem’s experience with liquid filtration, can readily support more than 100 
psi for filter flushing. 
 
17. The efficiency of the filters need to be evaluated on a range of ambient outdoor 

temperatures (say 0°-120°F) as we will use this system in an outdoors environment 
subject to these conditions. 



 
The testing program recently completed at ORNL has not incorporated measurement of 
DOP retention other than at ambient conditions.  Filter mechanical stability is not an 
issue.  We expect aerosol capture efficiency would vary with temperature similarly to any 
HEPA filter, since capture mechanisms are essentially the same.  CeraMem would 
propose testing the filter in the field at SRTC after it has been qualified at room 
temperature.  Note that the current design incorporates a traditional HEPA filter as a 
backup filter. 
 
18. Plan on a lifting eye for crane to hook on to remove.  Will piping above preclude 

removal by crane? 
 
Lifting lugs will be designed and located during the detailed design once the most 
appropriate removal scheme is determined.  The flanged piping arrangement is intended 
to allow an up-and-out removal procedure using side access via a fork truck or 
davit/crane arrangement.  
 
19. What are effects on filter as far as expansion/contraction is concerned due to outside 

temperatures (ambient)?  Will it crack? 
 
Using the temperature range of 0°F to 120°F, the differential change in the length 
between the filter element and the stainless steel mounting can will be approximately 
0.0056” in contraction (metal can shorter relative to filter element) at low temperature 
and 0.0043” in expansion (metal can longer relative to filter element) at high temperature.  
Assuming the compressive modulus of the elastomer to be about 10,000 psi, the 
additional stress on the monolith at low temperature will be about 150 psi.  At high 
temperature, the stress will be reduced.  Based on similar seal types, CeraMem would 
estimate that it would take about 180 psi to seal the gasket.  After applying additional 
compression to compensate for compression set of the elastomer (0.010” of compression) 
and loss of compression at higher temperature (115 psi), the initial gasket stress would be 
about 560 psi.  When the additional compression at lower temperature is added, the 
maximum stress on the gasket (and hence the filter element) would be about 700 psi.  
This is significantly less than the 5800 psi compressive strength of the monolith. 
Therefore, the filter element should not crack due to thermal transients. 
 
20. Do you have an “erosion” type effect on the filter media depending upon the number 

of times you flush it (if we flush a lot, will it still last 15 years)? 
 
The membrane coating is fired to a high temperature after coating in order to bond the 
particles in the coating to each other and to the support surface.  Hence, CeraMem would 
not anticipate any significant erosion of the filter media due to back flushing. 
 
21. If you don’t air dry, will contaminants “wick” through the filter media? 

 
If the filter is wetted, the pores will fill.  This is no different than for the Mott metal 
filters or the traditional fiberglass HEPA filters.  It is not clear if this liquid would be re-



entrained as an aerosol on the clean side of the filter.  Wetting of the filter would be 
manifested in a rapidly increasing pressure drop, which is an alarm/shutdown condition. 
 
22. Operating procedure for either the Mott or CeraMem System should include closing 

the trap on the demister before back pulsing the filter with air. 
 
The drain piping arrangement now incorporates this change.  
 
23. Filters should be bubble point tested to determine the pressure necessary to pull water 

through the membrane.  If it is significantly above the pressure generated by the 
vacuum pump, then soluble radioactive cesium will not be pulled through.   

 
Wettability of the filter depends on the surface tension of the liquid.  It is not clear that a 
bubble point test with pure water would reflect wettability with an actual aerosol.  
Further, as for traditional HEPA filters, a significant factor in achieving HEPA filter 
performance is diffusional capture of the aerosols.  Thus, the wetting and wicking of 
entrained water is best addressed by staying above the dew point, and depending on 
increase in pressure drop to lead to an alarm/shutdown sequence in case of reheater 
failure. 

 
24. Filter element validation should occur after the filters are canned.  This does not 

apply to Phase IIA testing of filter elements by ATI. 
 
As described in the Draft Acceptance Test Plan, various tests will be performed on the 
filters, including tests of individual filters in cans and the final assembled filter vessel. 

 
25. In general, the SRS review panel preferred to have the conventional HEPA filter 

downstream of the blower but saw no reason for CeraMem to change the system 
design.  The general consensus was that we should assume that the ceramic HEPA 
filters would work.  Also, it was pointed out that glass fiber HEPA filter vessels 
(Flanders) are made with 1 psi flanges and can be made with 3 psi flanges so having 
the conventional HEPA filter between the ceramic HEPA filter vessel and the blower 
should not be problem. 

 
CeraMem’s design leaves the conventional HEPA between the ceramic HEPA and the 
blower. 
 
26. CeraMem needs to anticipate water condensing on the dirty side of the filters even if 

the gas pretreatment train is in place.  Therefore, a condensate drain line with an 
isolation valve for cleaning is required.  This second drain line can be branched off to 
a collection tank for acidic wash water if acid is used on the skid. 

 
The CeraMem design includes cleaning piping that can be utilized for this purpose. 
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INTRODUCTION 
 
Based on a request from the Office of Science and Technology (OST), Office of Environmental 
Management, U.S. Department of Energy (DOE), a Review Panel (RP) was established to peer review the 
“Alternative Ceramic High Efficiency Particulate Air Filtration System”.  The RP received reading 
materials provided by project managers (1-14).    The Project Summary and the Review Criteria were 
prepared by the Technical Secretary of the RP and approved by the DOE project managers.  The RP met 
on September 11-15, 2000 in Richland, WA.  At the beginning of the meeting, the RP was introduced to 
the American Society of Mechanical Engineers (ASME) peer review process and the DOE’s desire for a 
non-conflicted and independent peer review.  The Project Team presented its findings in about three 
hours, and the RP had an executive session.  On September 11, 2000, a discussion was held to give the 
RP the opportunity to ask clarifying questions.  Subsequently, the RP prepared its Report of the Review 
Panel. 
 
 
PROJECT SUMMARY 
 
The objective of this project is to develop alternative filtration technologies for use on high-level 
radioactive liquid waste tanks.  The new ceramic filters must have High Efficiency Particulate Air 
(HEPA) efficiency performance, and be regenerated or cleaned in situ.  Additionally, the system should 
prevent the passage of moisture through the filter because cesium is relatively soluble in water.  Each of 
the 1.3 million-gallon tanks on the site is equipped with an exhaust ventilation system to provide tank 
ventilation and to maintain the tank contents  at approximately 1-in. water gauge vacuum, to prevent the 
release of radioactive material into the environment.  These systems include conventional, disposable, 
glass-fiber, HEPA filters that require frequent replacement and disposal. The routine replacements are 
often caused by structural weakening or accelerated filter loading due to the moist-operating environment.  
The current ventilation systems include demisters, condensers, and reheaters to reduce the possibility of 
carryover of cesium dissolved in the moist ventilation air.  The end-user may choose to leave the 
demisters, condensers, and reheaters as part of the ventilation system, but a system that does not require 
these components is preferred.  In conjunction with the National Energy Technology Laboratory, 
CeraMem—a commercial vendor—is under contract to develop alternative filter technologies.  A ceramic 
monolith filter is evaluated for full-scale development and hot demonstration on a waste tank at Savannah 
River Site (SRS). 
 
The ceramic monolith filter consists of seven filter elements in individual stainless sleeves contained in a 
stainless steel filter vessel.  The filter elements are ceramic -membrane-coated silicon carbide monoliths 
plugged in a dead-end flow configuration.  Each filter element uses a “unitary” silicon carbide monolith 
of 5.66" diameter and 12" length.  Each filter is inserted into a stainless tubing sleeve of 6" outer diameter 
and 0.065" wall thickness.  The bottom of the sleeves has a stainless washer welded to the bottom as a 
retaining ring.  The small gap between the filter element and the sleeve is filled with an in situ vulcanized 
rubber seal to eliminate liquid collection in this area.  The elastomer is not intended to form a primary 
seal, but it is used to eliminate dead space.  The top of the sleeve is flanged for mounting to a tube sheet 
located between the filter vessel flanges.  The seven filter elements are bolted to the tube sheet in a 
closely-packed hexagonal array. 
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The laboratory-scale filters were tested to determine the feasibility of regenerating or washing them in 
situ with a liquid after becoming plugged with simulated High Level Waste (HLW) sludge, simulated 
HLW salt, and simulated atmospheric dust (South Carolina road dust).  The filters were tested in a hostile 
environment where they would plug rapidly in order to maximize the number of filter cleaning cycles that 
would occur in a specified period of time.  Cleaning solutions included water, mild nitric acid, and caustic 
solutions. 
 
Parallel with the SRS testing efforts, CeraMem has been developing conceptual and full-scale designs for 
moisture-tolerant, washable (regenerable) HEPA filter systems for initial cold demonstration at Savannah 
River Technology Center (SRTC) facilities and—if the testing is successful—hot deployment on an 
operating tank at SRS. 
 
 
PEER REVIEW CRITERIA 
 
The RP was asked to assess the project based on the following review criteria: 
 
1.  Does the test approach employed at the SRTC test facility adequately evaluate the efficiency of the 

filter media and the effectiveness of the cleaning approach? 
2.  Will the proposed full-scale testing system adequately simulate the conditions that the filter system is 

expected to encounter in field service? 
3.  Do the media and systems conform to the "intent" of the directives "DOE HEPA Filter Test Program" 

(DOE-STD-3022-98) and "Specification For HEPA Filters Used by DOE Contractors" 
(DOE-STD-3020-97)? 

4.  Can the media meet the leak test requirement of “Standard Practice for Evaluation of Air Assay Media 
by the Monodisperse DOP (Dioctyl Phthalate) Smoke Test” (ASTM D2986-95a)? 

5.  Can the media meet the requirement of the "Code on Nuclear Air and Gas Treatment" (ASME 
AG-1-1997)?  If not, does it meet the intent of the requirement? 

6.  Are the filter systems that are proposed for full-scale development viable?  
7. The results of testing suggest that pressure drops associated with the proposed media exceed the 

prescribed limit for true HEPA classification.  Is the Project Team's assumption that this can be 
approved for use under the intent of the above-mentioned standards reasonable?  Has the Project 
Team considered alternatives for pursuing approval for use? 

8.  Do the documents provided address the mandatory requirements—and those expected to be required—
under a normal technology development activity?   

9.  Has the Project Team published articles resulting from this project in peer-reviewed journals? 
10.  Based on the technical merit of this project, should it be continued? 
 
 
FINDINGS OF THE RP 
 
The findings of the RP with respect to the review criteria are as follows: 
 
1.  The SRTC test facility did not establish a base-line for testing the efficiency of the filter.  Some tests 

were performed for a dead-ended membrane filter with silicon carbide support coated with glass-frit-
bonded zirconium silicate and alumina; however, no tests were performed by SRTC for the dead-
ended monolithic filter with silicon carbide support coated with microporous silicon carbide 
membrane that is currently selected for deployment.  Similarly, the cleaning method has been 
changed for Phase II.  Therefore, no baseline was established to assess the effectiveness of the 
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cleaning approach.   
2.  The proposed full-scale testing system will adequately simulate the conditions that the filter system is 

expected to encounter in field service if the effluent of the tank selected for Phase II demonstration 
bounds the expected conditions of service. 

3.  The media and systems do not conform to the "intent" of the directives "DOE HEPA Filter Test 
Program" (DOE-STD-3022-98) and "Specification For HEPA Filters Used by DOE Contractors" 
(DOE-STD-3020-97) because the filter has not been sufficiently developed to establish the 
parameters that require control in the design, manufacturing, testing, and installation of the filter and 
system.   

4.  The media can meet the leak test requirement of “Standard Practice for Evaluation of Air Assay Media 
by the Monodisperse DOP (Dioctyl Phthalate) Smoke Test” (ASTM D2986-95a). 

5.  The media cannot meet the requirements of the "Code on Nuclear Air and Gas Treatment" (ASME 
AG-1-1997) because these requirements do not include ceramic HEPA filters.  The media could meet 
the intent of these requirements if valid test methods and base-line conditions are established to meet 
the intent of the qualification and performance testing of ASME AG-1-1997. 

6.  The filter systems proposed for full-scale development are viable if findings 1-5, 12, and 15 are 
adequately addressed. 

7.  The test results suggest that pressure drops associated with the proposed media exceed the prescribed 
limit for true HEPA classification.  The Project Team's assumption that this can be approved for use 
under the intent of the above-mentioned standards is reasonable.  

8.  The documents provided do not address the mandatory requirements—and those expected to be 
required—under a normal technology development activity because the data presented are incomplete 
due to the changes in the directions of development of the filters.   

9.  The Project Team has not published articles resulting from this project in peer-reviewed journals. 
10. This project should be continued provided that the recommendations of the RP are adequately 

addressed. 
 
In addition, the RP has the following findings: 
 
11. A HEPA filter, by definition, must be 99.97% effic ient on thermally generated particles with a mean 

diameter of 0.3 ìm.  The filters tested in this program were tested with particles with the mean 
diameter equal to approximately 0.7 ìm to determine leak efficiency, not performance efficiency.  
Therefore, these results cannot be used to fulfill the requirements of the HEPA filter definition.  Filter 
media (i.e., not filters) have been tested by ATI for performance efficiency.  Some filter media met 
the HEPA filter definition criteria; however, complete filters have not been tested.  

12. Accelerated durability tests have not been planned or conducted to determine media life-time under 
bounded conditions of expected service.  A return to the initial pressure drop is not sufficient 
evidence to demonstrate that the performance of the filter has not changed. 

13. The Project Team has severe timing constraints to address the above findings before deployment.  
Although the exploratory research performed by the Project Team is of commendable quality, the RP 
feels that baseline testing is the necessary next step before deployment. 

14. A code section FI, Metal Filters (which also includes ceramic filters), is currently “in the course of 
preparation” to be included in ASME AG-1.  It may be beneficial to the Project Team if members 
interface with the ASME Subgroup FI. 

15. The seals for the ceramic filters are not defined. 
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RECOMMENDATIONS 
 
Based on a careful assessment of the information presented to the RP and the findings developed in 
response to the review criteria, the RP provides the following recommendations: 
 
16. A baseline testing program must be designed in order to establish a statistically significant confidence 

interval for the filter performance and cleaning efficiency.  The particle size distribution and 
concentration of both the inlet and outlet should be determined using established industrial methods.  
Additionally, the composition and concentration of the particulate, entrained water, and vapor 
contaminants should be determined.  Any other significant design criteria should be evaluated as part 
of the baseline testing program. 

17. To obtain approval for the proposed HEPA filter for use under the intent of the ASME Code 
AG-1-1997, the Project Team should prepare a code case and submit it to ASME for consideration by 
the ASME Code on Nuclear Air and Gas Treatment Committee.  

18. Accelerated durability tests should be conducted to determine media life-time under bounded 
conditions of expected service. 

19. The seal design must be adequately specified and demonstrated.  If the design life of 15 years cannot 
be demonstrated, then provisions for replacement must be included in the system design.   

20. The Project Team should publish articles resulting from this project in peer-reviewed journals as soon 
as sufficient data are obtained to meet journal standards.  
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 9 

responsible for the engineering; design; research; and development of products and systems for the 
nuclear, military, medical, pharmaceutical, and environmental markets.  He developed and executed 
difficult business plans to establish Ellis and Watts as the dominant supplier of safety-related heating, 
ventilation, and air-conditioning equipment in the domestic and international markets.  Prior to this, 
Richard Porco worked for various companies and served in various positions including:  President of 
RDP Consulting Services; Manager of Chemical Filtration Products for Donaldson Co., Inc.; Manager of 
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of six articles or technical papers.  Richard Porco holds a Bachelor Degree in Chemical Engineering from 
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Directors of AFS.  In the past he served as  Chairman of the Mineral Processing Division of the Society 
for Mining, Metallurgy, and Exploration, where he also served on the Board of Directors.  Bernard 
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Center for Pollution Prevention Technology—with Massachusetts Institute of Technology, the Ohio State 



 

 
 10 

University, and Pennsylvania State.  He is conducting research in the areas of:  catalytic oxidation; 
scrubbing of acid rain precursors; packed and fluidized bed adsorption of acidic gases; control of 
soot/NOx in Diesel engines; and sustainable green manufacturing of Department of Defense energetic 
materials.  Previously, Henry Shaw worked for Exxon Research and Engineering Co., where he advanced 
from researcher to Area Manager in charge of obtaining and implementing internally and externally 
funded research and development (R&D) contracts in pollution control and energy conservation 
(greenhouse effect, low-NOx turbines, solar applications, and cogeneration), as well as fossil fuel 
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1.0 EXECUTIVE SUMMARY 
The Operating Engineers National HAZMAT Program (OENHP) assessment team 
conducted a human factors assessment on December 12, 2001 at the Department of 
Energy (DOE) Savannah River Site (SRS), Research Campus.  The human factors 
assessment took place during a full-scale design review of the ceramic High Efficiency 
Particulate Air (HEPA) filter developed by CereMem Corporation.   

The DOE maintains about 300 High Level Waste (HLW) tanks at its various sites 
around the United States.  The vent gas from the HLW tanks is filtered through 
disposable glass fiber HEPA filters.  Replacement of the used filters generates both a 
waste disposal problem and a problem of operator exposure during filter replacement.   

The CereMem filtration system removes sub-micron particles from a tank venting air 
system.  The CeraMem filter is housed above  ground using an existing SRS skid 
system.  A vacuum pump draws the air from the top of the tank through one of the filter 
sets. The dirty air with particulate matter travels via pipe to a demister and through a 
heater before entering the filter media.  The entrained particles are filtered from the air 
by a micro-porous membrane.  The clean air flows down clean channels and is 
exhausted from the filter.  Conventional HEPA filters are in place behind the CeraMem 
filter and serve as a back up or failsafe system.  Projected replacement of the CeraMem 
filters is every 15 years. 

The Alternative HEPA Filter will be compared to disposable glass fiber HEPA filters, 
currently the baseline technology being used on HLW tank ventilation systems.  The 
glass filters are subject to a shortened life span due to deterioration from condensation.  
Deterioration requires replacement of the filters, thus, creating worker exposure to the 
HLW and a waste disposal problem.  The standard HEPA filters used at DOE facilities 
can be damaged by fire, potentially releasing radioactive particles to the environment.  
As a result of the OENHP assessment, the team recommended that the developer and 
users should create and implement a hazard communication program identifying all the 
known chemicals and contaminants in use or in the vicinity.  Hazardous substances 
should be identified and Material Safety Data Sheets (MSDS) provided when 
necessary.  The team also recommended the user develops and implement a 
comprehensive training program for material handling of hazardous substances and 
working with powered industrial trucks in a hazardous environment.  Finally, the team 
recommended the development of standard operating procedures (SOPs) focusing on 
start-up and shutdown, both routine and emergency.   

2.0 INTRODUCTION 

2.1 OENHP Safety and Health Assessment 

OENHP human factors assessment personnel included Chip Booth, M.S., Safety 
Professional; John Kovach, M.S., Safety Professional; Jeana Harrison, Industrial 
Hygienist; and Mary Jenison, M.S., ASP, Safety Professional from the DOE Office of 
Science and Technology.  The assessment took place during a full-scale design review 
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at the DOE Savannah River Site, Research Campus, 227 Gateway Dr., Aiken, SC 
29803.   

2.2 Technology Description and Operation 

The Specification for HEPA Filters Used by DOE Contractors, DOE-STD-3020-97 
defines HEPA filters as: “A throwaway, extended media, dry type filter with a rigid 
casing enclosing the full depth of the pleats.  The filter shall exhibit a minimum efficiency 
of 99.97 percent when tested at an aerosol of 0.3 micrometers diameter”.1   

HLW tanks, located outdoors throughout the DOE complex, are equipped with a 
ventilation system to maintain the tank contents at negative pressure in order to prevent 
the release of radioactive material to the environment.  These systems are outfitted with 
conventional disposable glass-fiber HEPA filters.  CeraMem developed a ceramic 
monolith HEPA filter, in situ cleanable; to replace the conventional glass filters.   The 
new technology ceramic HEPA filter is integrated into the existing SRS HEPA filter skid 
design. 
 
The ceramic HEPA filter consists of seven (7) filter elements in individual stainless cans, 
contained in a stainless steel filter vessel.  The filter elements are ceramic-membrane-
coated (cordierite) silicon carbide (SiC) monoliths, 5.66-inch diameter and 12 inches in 
length, plugged in a dead-end flow configuration. 
 
Each filter is inserted in a stainless steel can fabricated of 6 inch SCH 10S pipe with an 
inside diameter of 6.357 inches and a wall thickness of 0.134 inches.  The top (outlet) of 
the can has a standard 6 inch 150# American National Standards Institute (ANSI) flange 
for mounting to a mating outlet on the tube sheet located within the filter vessel.  The 
top and bottom of the filter elements have an Ethylene-Propylene-Diene-Monomer 
(EDPM) boot seal and is held in place with a retaining ring. 
 
Each flanged can is attached to the tube sheet via a drilled and taped studded outlet.  
The only hole that exists in the tube sheet is the filter opening hole for clean gas 
passage.  An EDPM gasket is used to form the final gas tight and liquid tight seal 
needed for proper filter operation.  The seven filter elements are bolted onto the tube 
sheet in a closely packed hexagonal array.  The tube sheet is welded into the vessel 
between the top head and shell course joint in the filter vessel forming clean and dirty 
air plenums above and below the tube sheet, respectively.  
 
The vessel is designed and fabricated to American Society of Mechanical Engineers 
(ASME) Section VIII at 150 pounds per square inch gauge (psig) and full vacuum and 
measures 36 inches inside diameter by 48 inches overall length.  The inlet and outlet 
nozzles are standard 8 inch 150# ANSI flanges to mate with existing piping. 
 
All vessel materials of construction, other than the ceramic filter elements and the 
EDPM seals, are 304 stainless steel. 

                                                 
1 US Department of Energy, DOE Standard, Specification For HEPA Filters Used By DOE Contractors, 
DOE-STD-3020-97, January 1997. 
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During normal filtering operations, the vessel will operate between atmospheric and 50 
inch water column (wc) vacuum.  During in situ cleaning, the vessel will experience 
pressure sources that are normally regulated to 10 psig with relief protection devices to 
limit pressures to 15 psig.  A vessel rupture disk, set at 20 psig, is provided on the 
vessel’s clean side for ultimate vessel over pressure protection.  Filter vessel weight 
including the seven filter cans is approximately 1200 lbs.  Filter face velocity is 
approximately six ft/min. 
 
The CeraMem filtration system removes submicron particles from a tank venting air 
system.  The CeraMem filter is housed above ground utilizing an existing SRS skid 
system.  A vacuum pump draws the air from the top of the tank through one of the filter 
sets.  The dirty air with particulate matter travels via pipe to a demister and through a 
heater before entering the filter media.  The entrained particles are filtered from the air 
by a microporous membrane.  The clean air flows down clean channels and is 
exhausted from the filter.  Conventional HEPA filters are in place behind the CeraMem 
filter and serve as a back up or failsafe system. 
 
The filters become partially plugged by particles they filter out. The proper cleaning 
procedure is presently being developed.  When the differential pressure across the filter 
reaches a specified level, the dirty filter is cleaned, in situ, by filling both the feed side 
and downstream side of the filter with nitric acid percent.  The acid is drained into a 
holding tank and the filter is filled completely with filtered water from the clean side.  The 
water is displaced with air into the waste storage tank.  The filter is dried by flowing dry 
instrument air from the clean side, through the filter, into the headspace of the tank 
being vented.  The acidic wastes are neutralized with sodium hydroxide, concentrations 
between 5 – 10 percent are currently being tested, and pumped into the tank being 
vented.  In refining the cleaning procedure, a water only cleaning protocol may be 
realized. 
 
The system is convertible to standard SRS design by removal of the ceramic filter 
vessel followed by minor modifications to the existing system to allow for the installation 
of a traditional HEPA filter.  It is projected that the CeraMem filters will be replaced 
every 15 years. 

3.0 METHODOLOGY 

3.1 Methodology for Assessment of Safety Issues 

The team completed a What-if Analysis.  The What-if Analysis is a well-established tool 
designed to identify potential causes and consequences associated with a piece of 
equipment or process.  During a What-if Analysis, a multi-disciplined team brainstorms 
about what would happen if an operator took a particular action (or failed to do so) as 
well as what the consequences would be if each piece of the equipment failed.  The 
team then determines if there is a safeguard in place to deal with the consequence and 
makes a recommendation if that safeguard is missing or inadequate.  The What-if 
Analysis is particularly valuable in that it identifies human error as well as component 
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malfunctions.  Using information from the What-if Analysis and the design review, the 
OENHP created a Technology Safety Data Sheet (TSDS).  This innovative tool, based 
on the concept of the MSDS, is being developed for DOE technologies.  The TSDS 
contains a broad summary of safety and health information about the technology in a 
format that is friendly for workers and useful to project engineers and safety 
professionals.  See Section 6.0 for completed safety analyses. 

4.0 RESULTS AND DISCUSSION 

4.1 Safety Issues 

4.1.1 Chemical Exposure 

The ceramic HEPA filter and filter vessel will rely on several chemical agents during 
operation.  Nitric acid will possibly be used during the cleaning process.  Nitric acid is a 
strong oxidizer and a corrosive.  After the cleaning process, the nitric acid will be 
neutralized using sodium hydroxide.  Sodium hydroxide is also corrosive and irritating to 
the eyes, skin, and mucus membranes.   

During development, and possibly onsite, users will perform a di-octyl phthalate (DOP) 
test to measure the filter’s efficiency.  A DOP test is defined as a measure of the 
efficiency of a filter for the production of ultra-pure air based on the concentration of   
0.3 µm di-octyl phthalate aerosol particles that penetrate a filter at a predetermined flow. 
Expressed as a percentage of retention, 99.97% DOP 
retention indicates a HEPA filter grade as defined by 
ASTM D2986-71. (See Figure 4.1.1) Di-octyl phthalate 
is harmful if swallowed or inhaled.  It causes irritation to 
the skin, eyes, and respiratory tract.  It affects the 
central nervous system, liver, reproductive system, 
gastrointestinal tract, and is possibly a carcinogen.    

Finally, the operators working on or around the HLW 
tanks may be exposed to the contents of the tanks.   

4.1.2 Material Handling 

Material handling during set-up and deactivation/decommissioning will be an issue.  
Users will be required to safely place the skid and filter vessel in place during set-up 
and deactivation.  The skid and filter vessel are mentioned separately here because 
they may be independently moved or moved as a unit.  The skid supports the filter 
vessel and may be described as a working platform built around the filter vessel.  During 
deactivation and decommissioning, the components will be contaminated and users will 
be transporting and storing hazardous materials.  At this stage of development, both 
nitric acid and sodium hydroxide are necessary for the operation of the ceramic filter. 

The nitric acid is necessary as a cleaning solution and the sodium hydroxide as a 
neutralizing agent.  Both of these will have to be stored properly before they are 
introduced into the system.  Nitric acid will require tightly closed containers housed in a 
cool, dry, well-ventilated area away from incompatible substances.  Nitric acid brought 

Figure 4.1.1:  An example of a  
DOP test. 
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into contact with reactive materials such as aluminum may result in the generation of 
flammable hydrogen gas.  Sodium hydroxide storage will require a cool, dry, well-
ventilated space away from strong acids, metals, flammable liquids, and organic 
halogens.   

4.1.3 Moving Vehicles 

During set-up and dismantlement, users will be required to move either the skid or the 
filter vessel separately or both as a unit.  This will require the use of forklifts, small 
cranes, and large trucks.  In addition to the traditional hazards associated with moving 
vehicles such as struck by or caught between, operators will be forced to perform some, 
if not all their tasks while wearing personal protective equipment (PPE).  Depending on 
the level of PPE, operators may lose manual dexterity, may have restricted vision, and 
be more susceptible to heat stress.  

4.1.4 Emergency Shutdown 

Uncontrolled release of HLW may result during emergency shutdown.  The alternative 
HEPA filtration system depends on several different systems during operation including 
condensers and pumps.  One component’s failure, or all the components being 
shutdown at the same time may have consequences that should be identified. 

4.2 Baseline Comparison 

The baseline the Ceramic HEPA Filter will be compared to is the glass fiber HEPA filter 
currently being used on HLW tank ventilation systems.  The glass filters are sub ject to a 
shortened life span due to their deterioration from condensation.  Deterioration requires 
replacement of the filters, thus, creating worker exposure to the HLW during 
replacement and a waste disposal problem.  Current HEPA filters, because of their 
materials of construction, can easily be damaged or destroyed by heat: exposure of the 
filter medium to temperatures of 700-750 degrees F for only five minutes can 
significantly reduce filter efficiency.  Fires in defense nuclear facilities can reach several 
thousand degrees.2 

Temperature, humidity, moisture, and other factors associated with the HLW tanks do 
not affect the Alternative HEPA Filters.  The developers anticipate a long service life of 
at least 15 years. 

5.0 RECOMMENDATIONS 
 

1. Develop and implement an effective hazard communication program.  The basis 
of the hazard communication program should be a site -specific hazard analysis 
cataloguing all known hazards the users may be exposed to.  This will include 
MSDSs for nitric acid and sodium hydroxide.  The contents of the HLW tanks 
should be identified.  The proper controls for each contaminant should be applied 

                                                 
2 Defense Nuclear Facilities Safety Board. (1999, May). HEPA Filters Used in the Department of Energy’s 
Hazardous Facilities. Technical Report 23. 2-4. 
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using the hierarchy of controls, engineering controls, administrative controls, and 
PPE.   

2. Develop and implement an effective material handling training program.  Users 
should be trained on the hazards associated with working in a hazardous 
environment as defined by the Occupational Safety and Health Administration 
(OSHA) in 29 CFR § 1910.120.  Additionally, users should be trained with regard 
to use and storage of hazardous substances.  

3. Develop and implement an effective powered industrial truck training program.  
Users should be trained on traditional hazards associated with powered industrial 
truck use as well as hazards created while working in a hazardous environment 
as defined by 29 CFR § 1910.120.  Powered industrial truck training 
requirements may be found in 29 CFR § 1910.178. 

4. Develop and implement SOPs outlining both routine and emergency shutdown 
procedures.  Because of the characteristics of the HLW, anticipation of all 
scenarios is necessary to ensure the safety of the surrounding environment and 
workers.  Both routine and emergency shutdown, as well as system failures, 
should be anticipated and planned for through SOPs. 

6.0 APPENDIX 

6.1 Acronym List  

ANSI American National Standards Institute 

ASME American Society of Mechanical Engineers 

ASP Associate Safety Professional  

ASTM American Society for Testing and Materials 

cfm Cubic feet per minute 

CFR Code of Federal Regulations 

dBA Decibels in A-weighted scale 

DOE Department of Energy 

DOP di-octyl phthalate 

EDPM Ethylene-Propylene-Diene-Monomer 

F Fahrenheit 

FMEA Failure Mode Effects Analysis 

ft feet 

HEPA High Efficiency Particulate Air 

HLW High Level Waste 
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lbs Pounds 

mg/m3 milligram per cubic meter 

min Minute 

mm Millimeter 

MS Master of Science 

MSDS Material Safety Data Sheet 

OENHP Operating Engineers National Hazmat Program 

OSHA Occupational Safety and Health Administration 

PAO Poly Alpha Olefin 

PEL Permissible Exposure Limit 

PPE Personal protective equipment 

ppm parts per million 

psig Pounds per square inch gauge 

rpm  Revolutions per minute 

SCH Schedule  

SiC Silicon Carbide 

SOP  Standard Operating Procedures 

SRS Savannah River Site 

STD Standard 

TSDS Technology Safe ty Data Sheet 

wc water column 
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6.2 What-if Analysis 

What-if Analysis 
Alternative HEPA Filtration CeraMem Ceramic HEPA Filter 

(OENHP # 2001-11 Version A) 
 

What-if… Consequence/Hazard Recommendations 

…the filter element is 
plugged or fouled? 
… ceramic filter 
elements are 
inadequately cleaned? 

High differential pressure 
resulting in compromise of the 
HEPA filter vessel or failure of 
the HEPA filters. 

• Install sensors and alarms. 
• Shutdown the system following 

standard operating procedures. 
• Develop HEPA failure procedures to 

be followed in the event the HEPA 
filter system fails. 

…there is a mechanical 
failure within the 
CeraMem filter vessel? 
 

High flow and high differential 
pressure across the existing 
HEPA filter resulting in HEPA 
failure. 
 

• Install sensors and alarms. 
• Shutdown the system following 

standard operating procedures. 
• Develop HEPA failure procedures to 

be followed in the event the HEPA 
filter system fails. 

…the  filter element fails 
to perform or the 
CeraMem filter vessel 
tubesheet fails? 

Low differential pressure.  Low 
differential pressure will cause 
the CeraMem filter to fail. 
 

• Install sensors and alarms.  
• Shutdown the system following 

standard operating procedures. 
• Continue to use the traditional HEPA 

filters as a backup until the new HEPA 
filters are proven to be effective. 

…there is an external 
fire? 

Ceramic filters will withstand 
high heat (2000 F), but the 
elastomeric seals may fail and 
connect the clean and dirty 
side plenums. 

• Install sensors and alarms. 
• Shutdown the system following 

standard operating procedures. 
• Back flush and dry the filters.  Perform 

a standard in-place leak test using a 
disperse aerosol to determine if filters 
are damaged.  If filters are damaged, 
replace the vessel. 

… the elastomeric seals 
are damaged due to 
age, degradation, or 
another cause? 

Elastomeric seals fail and 
connect the clean and dirty 
side plenums. 

• Install sensors and alarms. 
• Shutdown the system following 

standard operating procedures. 
• Back flush and dry the filters.  Perform 

a standard in-place leak test using a 
disperse aerosol to determine if filters 
are damaged.  If filters are damaged, 
replace the vessel. 
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What-if Analysis 
Alternative HEPA Filtration CeraMem Ceramic HEPA Filter 

(OENHP # 2001-11 Version A) 
 

What-if… Consequence/Hazard Recommendations 

…there is an 
undiagnosed problem 
with CeraMem filter? 

Continued filtration of the HLW 
tank utilizing the CeraMem 
filter is not possible. 

• Remove CeraMem filter vessel at the 
8” inlet/outlet piping flanges and 
replace with an 8” pre-fabricated pipe 
spool. 

• Switch blower to low speed (1750 
rpm) and low vacuum operation and 
return system to on line filtering with 
the traditional HEPA filter performing 
according to the original design. 

… the DOP test uses di-
octyl phthalate as 
chemical agent in test? 

Harmful if swallowed or 
inhaled.  Causes irritation to 
skin, eyes and respiratory 
tract.  Affects the central 
nervous system, liver, 
reproductive system and 
gastrointestinal tract.  Possible 
cancer hazard.  Possible 
adverse reproductive effects. 

• Without compromising the integrity of 
the test, consider using an alternate 
chemical if possible.  One possibility 
is poly alpha olefin (PAO). 
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Section 1:  Technology Identity 

Technology Name(s): Emergency Contact: 

Ceramic HEPA Filter Robert L. Goldsmith (781) 899-4495 

Manufacturer’s Name and Address: Information Contact: 

CeraMem Corporation 
Waltham, MA 

Duane J. Adamson 
SRTC 
803-725-5307  duane.adamson@srs.gov 

Date Prepared: TMS Number: Prepared By: 

1/20/02 TMS # 2091 
Chip Booth, MS, (304) 253-8674 
Mary M. Jenison, MS; John J. Kovach, MS; 
Jeana Harrison 

Section 2:  Technology Diagrams 

 

Figure 1:  Schematic of CeraMem HEPA filter elements with stainless steel 
filter vessel. 
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Section 3:  Technology Description 

The CeraMem alternative high efficiency particulate air (HEPA) filter is a ceramic HEPA filter; 
developed to replace conventional glass filters.   Unlike the older filters, which must be thrown away 
when clogged, the CeraMem unit can be cleaned in place and reused. The new ceramic HEPA filters 
are designed to be integrated into the existing Savannah River Site (SRS) HEPA filter skid design. 

The ceramic HEPA filter consists of seven (7) filter elements in individual stainless cans, contained in 
a stainless steel filter vessel.  Each flanged can is attached to the tube sheet via a drilled and tapped 
studded outlet.  The only hole that exists in the tube sheet is the filter opening hole for clean gas 
passage.  The seven filter elements are bolted onto the tube sheet in a closely packed hexagonal 
array.  The tube sheet is welded into the vessel between the top head and shell course joint in the 
filter vessel forming clean and dirty air plenums above and below the tube sheet, respectively.  Filter 
vessel weight including the seven filter cans is approximately 1200 lbs. 

The CeraMem filter is housed above ground utilizing an existing SRS skid system.  A vacuum pump 
draws the air from the top of the tank through one of the filter sets.  The dirty air with particulate matter 
travels via pipe to a demister followed by a heater before entering the filter media.  The entrained 
particles are filtered from the air by a microporous membrane.  The clean air flows down clean 
channels and is exhausted from the filter.  Conventional HEPA filters are in place behind the CeraMem 
filter and serve as a back up or failsafe system. 

The filters become partially plugged by particles they filter out. The proper cleaning procedure is 
presently being developed.  When the differential pressure across the filter reaches a specified level, 
the dirty filter is cleaned, in place, by filling both the feed side and downstream side of the filter with 
nitric acid (10 percent).  The acid is drained into a holding tank and the filter is filled completely with 
filtered water from the clean side.  The water is displaced with air into the waste storage tank.  The 
filter is dried by flowing dry instrument air from the clean side, through the filter, into the headspace of 
the tank being vented.  The acidic wastes are neutralized with sodium hydroxide (concentrations 
between 5 – 10 percent currently being tested) and pumped into the tank being vented.  In refining the 
cleaning procedure, a water only cleaning protocol may be realized. 

Section 4:  Safety Hazards 

Hazard Category: 

4 -  Could result in death or permanent total disability 

3 - Could result in permanent partial disability or injuries or occupational illness that may result 
in hospitalization of at least three persons 

2 - Could result in injury or occupational illness resulting in one or more lost work days 

1 -  Could result in injury or illness not resulting in a lost work day 

N/A - Is not applicable to this technology and poses no appreciable risk 
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A. Buried Utilities, Drums, and Tanks Hazard Rating: N/A 

Buried tanks are present under the filters; personnel will not be required to access them. 

B. Chemical (Reactive, Corrosive, Pyrophoric, etc) Hazard Rating: 2 

• Nitric acid, used in the cleaning process, is a strong oxidizer and a corrosive.  Consult MSDS for a 
listing of incompatibles, handling, and disposal information. 

• Sodium hydroxide, used to neutralize the nitric acid from the cleaning process, may be corrosive 
and irritating to eyes, skin, and mucous membranes.  Consult MSDS for a listing of incompatibles, 
handling, and disposal information. 

C. Confined Space Hazard Rating: N/A 

No confined spaces associated with the CeraMem filter. 

D. Electrical Hazard Rating: 2 

The CeraMem filter itself does not require electricity to operate but the equipment it is coupled with will.  
Assure proper grounding of all equipment.  Compliance with applicable electrical standards and codes 
and lockout/tagout procedures must be followed to assure the safety of personnel.  

E. Ergonomic Hazard Rating: 1 

There may be some ergonomic concerns as the filter is on a platform and some parts of the apparatus 
are almost 12 feet high.  The level of hazard should be determined when the technology is deployed. 

F. Explosives Hazard Rating: N/A 

The CeraMem filter does not pose an explosion threat in and of itself. 

G. Fire Protection Hazard Rating: 1 

• The CeraMem filter does not pose a fire threat in and of itself. 
• If nitric acid is used as a cleaning agent, care must be taken to ensure safe handling and storage, 

as nitric acid is a strong oxidizer.  Store in a tightly closed container.  Contact with reactive metals 
(e.g. aluminum) may result in the generation of flammable hydrogen gas.  Eliminate all ignition 
sources, no smoking, flares, sparks, or flames in immediate area. 

• If di-octyl phthalate is used as the chemical agent in the DOP test, a slight fire hazard exists.  Keep 
in a tightly closed container, stored in a cool, dry, ventilated area.  Eliminate all ignition sources, no 
smoking, flares, sparks or flames in immediate area. 

H. Gas Cylinders Hazard Rating: N/A 

No compressed gas cylinders are used in the CeraMem filter system. 
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I. Ladders/Platforms Hazard Rating: 1 

• The skid, as currently envisioned, is 1-2 ft. above the ground. 
• The filter and associated apparatus are assembled on the skid and are 11.6 ft in height. 
• Level of hazard should be evaluated when the technology is deployed.   

J. Lockout/Tagout Hazard Rating: 2 

The CeraMem filter itself does not require electricity to be used but the equipment it is coupled with will.  
Assure proper grounding of all equipment.  Compliance with applicable electrical standards and codes 
and lockout/tagout procedures must be followed to assure the safety of personnel. 

K. Mechanical Hazards Hazard Rating: 1 

The filter itself does not have any mechanical parts.  Components necessary for the operation of the 
Alternative HEPA Filter may pose a hazard during maintenance, setup, and dismantlement.  

L. Moving Vehicles Hazard Rating: 2 

Personnel exposure to heavy moving equipment (semi-tractor trailers, cranes, and forklifts) will be 
experienced during set-up, change of filters, and dismantlement. 

M. Overhead Hazards Hazard Rating: 3 

Unloading and loading of technology may require a crane or use of a forklift.  Proper precautions 
indicated. 

N. Pressure Hazards Hazard Rating: N/A 

• During normal filtering operation the vessel will operate between atmospheric and 50” wc.  The 
maximum capability of the blower and other vacuum limiting controls will keep this level from 
exceeding 50” wc vacuum.   

• During cleaning the vessel will experience a pressure from air and cleaning fluids injected from the 
clean side discharge piping and into the clean plenum to back wash the dirty plenum.  These 
pressure sources are normally regulated to 10 psig with relief protection devices set to limit 
pressures to 15 psig maximum.  A vessel rupture disk set at 20 psig provides vessel over pressure 
protection.  In the event of rupture, the release of vessel contents is vented/piped back to the HLW 
tank. 

• No pressure hazards evident at this time. 

O. Slips/Trips/Falls Hazard Rating: 1 

• The CeraMem filter does not pose a slip/trip/fall hazard in and of itself.  As always, caution is 
advised when performing work in an environment where vehicles, hoses, electrical wires/lines, and 
fluids may produce hazards.  

• Sodium hydroxide solutions, used in the cleaning process, are slippery to the touch.  May produce 
hazardous slippery conditions if spilled on floors.   
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P. Suspended Loads Hazard Rating: 3 

This is not part of this technology during operation.  This hazard may be present during set 
up/dismantlement and change of filters.  All applicable standards and precautions must be followed for 
the type of equipment used. 

Q. Trenching/Excavation Hazard Rating: N/A 

Not part of this technology. 

Section 5:  Health Hazards 

A. Inhalation Hazard Rating: 2 

• The nitric acid used in cleaning may pose an inhalation hazard.  May cause irritation of the 
respiratory tract with burning pain in the nose and throat, coughing, wheezing, and shortness of 
breath.  Use adequate general or local exhaust ventilation to keep airborne concentrations below 
the OSHA Permissible Exposure Limit (PEL) of 2 parts per million (ppm). 

• The sodium hydroxide used in cleaning may pose an inhalation hazard.  May be corrosive and 
irritating to the mucous membranes. Use adequate general or local exhaust ventilation to keep 
airborne concentrations below the PEL (5 mg/m3). 

• If di-octyl phthalate is used as the chemical agent in the DOP test, the low vapor pressure of this 
material essentially eliminates inhalation hazards unless the material is heated or misted.  
Inhalation of mists can cause nausea and is irritating to the respiratory tract. Use adequate general 
or local exhaust ventilation to keep airborne concentrations below the PEL (5 mg/m3). 

B. Skin Absorption Hazard Rating: 2 

• The nitric acid used in cleaning may cause skin irritation and/or burns. Burns to the eyes with 
possible permanent damage. 

• Sodium hydroxide used in cleaning may cause skin and eye irritation.  
• If di-octyl phthalate is used as the chemical agent in the DOP test, slight skin irritation may occur 

from prolonged skin contact.  Low levels may be absorbed through the skin.  

C. Noise Hazard Rating: N/A 

• The CeraMem filter itself does not present a noise hazard. 
• Based on the current system, the estimated sound pressure level based on current levels outside 

the fan when both the inlet and outlet are ducted is 78.0 dBA at 5.0 feet.  Estimated noise level is 
below 85dB, the OSHA limit requiring a hearing conservation program, but should be evaluated 
when the technology is deployed. 

D. Heat Stress/Cold Stress Hazard Rating: N/A 
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The technology does not create a heat stress hazard when in operation.  PPE will be required to work 
on or around the Alternative HEPA filtration system and will compound any heat stress hazards due to 
the ambient temperature. 

E. Ergonomics Hazard Rating: N/A 

Operation of the Alternate HEPA Filtration system does not seem to pose ergonomic hazards.  
Evaluation of the support components and set-up, maintenance, and dismantlement should be done 
when the technology is deployed.   

F. Ionizing Radiation Hazard Rating: 3 

• Ionizing radiation is not used or generated by the CeraMem filter. 
• Ionizing radiation is filtered by the technology as a function of the technology. 
• A failure of the gaskets could release radiation.   

G. Non-ionizing Radiation Hazard Rating: N/A 

Non-ionizing radiation is not used or generated by the CeraMem filter. 

H. Biological Hazards Hazard Rating: N/A 

Biological hazards are not created by the CeraMem filter.  

I. Other Hazard Rating: N/A 

None 

Section 6:  Phase Analysis 

A. Construction/Start-up 

The set-up or start-up phase presents several hazards including:  
• Pinch points  
• Struck by hazards  
• Overhead hazards  
• Slips/trips/falls  
• Muscular/back injury 
• Exposure to HLW 

B. Operation 

The CeraMem filter is designed to perform its function in place without operator interaction.  Any 
hazards that exist should be the result of system components that support the CeraMem filter such as: 

• Electrical hazard that result from improper grounding or electrical failure of the pumps, 
condensers, or heaters.  

• Material handling hazards associated with nitric acid and sodium hydroxide.   
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C. Maintenance (Emergency and Routine) 

• The developer anticipates cleaning of the filters will be done on a semi- annual basis and that 
replacement of the filters will not be necessary for 15 years. 

• Cleaning and replacement procedures have not been finalized at this time.  Further evaluation will 
be necessary at the time of deployment taking into consideration site-specific hazards such as 
radiation and the contents of the HLW tanks. 

D. Shutdown (Emergency and Routine) 

Standard operation procedures should be developed for both routine and emergency shutdown to 
prevent the release of HLW.  HEPA failure procedures should be included in the SOPs in place in the 
event the system fails or has to be shut down in the event of an emergency.   

E. Decontamination/Decommissioning 

• Properly handling the filter vessel will be a necessity when removing and replacing the existing filter 
vessel or the entire skid.  

• Proper handling, storage, and disposal will be required when working with the spent filter vessel or 
any components. 

Section 7:  Worker Protection Measures 

A. Exposure Monitoring 

• Monitoring for site-specific hazards will be required when working on or around the High Level 
Waste tanks including personal radiation monitoring.  

• Noise monitoring may be required around the system’s components especially the pumps. 

B. Worker Training 

The following should be covered: 
• Technology-specific training emphasizing standard operating procedures 
• Radiation Training, Rad Worker I & II 
• Material Handling with emphasis on hazardous materials, handling contaminated components, and 

working in hazardous environments  
• Personal Protective Equipment use 
• HAZWOPER 29 CFR § 1910.120 

C. Medical Surveillance 

Site-specific hazards may require medical monitoring. Specific requirements for personal radiation 
monitoring need to be reviewed at each site. 



Technology Safety Data Sheet 
Alternative HEPA Filtration CeraMem Ceramic HEPA Filter 

(OENHP # 2001-11 Version A) 
 

 
DRAFT APPENDIX F DRAFT TECHNOLOGY SAFETY DATA SHEET 
REPORT 

TSDS Page 8 of 8

 

 

D. Engineering Controls 

There are not engineering recommendations at this time.  Evaluation of the system during and after 
deployment may identify a need for engineering controls for the CeraMem filter, the filter skid, or the 
support components.  

E. Administrative Controls 

• CeraMem operating procedures 
• CeraMem maintenance and cleaning procedures 

F. Personal Protective Equipment 

• Hard hat 
• Eye protection 
• Gloves 
• Work boots 
• Chemical and/or radiation suits based on site characterization and hazard identification 
• Hearing protection will be determined based on monitoring conducted in the future on an 

operational system 
• Respiratory protection based on site characterization and hazard assessment. 

Section 8:  Emergency Preparedness 

Failure of the Alternative HEPA Filtration system may result in a need for emergency response.  The 
type of response and level of preparedness will be determined by the contents of the High Level 
Waste tanks. 

Section 9:  Comments, Lessons Learned, and Special Considerations 

This Technology Safety Data Sheet has been prepared as result of a design review.  Further 
consideration and evaluation will be required as the technology is developed and inevitably changes.  
Furthermore, some hazards may not be fully evaluated without a complete system, examples being 
noise and ergonomics.  This sheet should be updated as new information becomes available. 

 
  




