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DOSSIER
on
( HIGH-EFFICIENCY PARTICULATE AIR)
HEPA Filters

for use in nuclear facility ventilation systems

* Inthe event of an accident, these filters are alhat stands between the radioactive
materials inside and the surroundings outside of thse facilities.

» For filters to be certified as nuclear-grade, the prformance standards must be written into
the code, and that cannot be done unless there aest facilities to qualify the filters.

» Evidence has mounted about the failures of HEPA tiérs to protect workers, public health
and the environment .

» Court documents by an expert who is a former Livernore Lab scientist in the US — Marion
Fulk - whose career experience is with nuclear fitation issues, in particular HEPA filters,
has made 3 expert declarations in the context of@urrent litigation under the U.S.
National Environmental Policy Act for force the U.S government to further analyse risks
caused by HEPA filters.

» In addition to testifying on his own first-hand knowledge, many of the references Fulk cites
are to documents that were presented at past Depanent of Energy-sponsored HEPA air
cleaning conferences.

» A completely fail-proof HEPA filter has yet to be designed.

» HEPA filters are our only hope against environmentacontamination and deadly health
risks from radioactive emissions at plants such ahe

PBMR FUEL PLANT AT PELINDABA

It is no longer good enough to claim somethingafe svhen mounting evidence the world over has now
found it is not. Therefore our NEMA laws make pedon for a “no-go option” and open discussion on
“alternatives”. Let’'s make good use of it in Soithica for the sake of our environment, good clean
crops, safe water, clean air and for our childnesh @l the children still to come.



PREVIEW

Three expert declarations in the context of a curnet lawsuit under the U.S. National
Environmental Policy Act for force the U.S. governnent to further analyse risks caused by HEPA
filters were made, under oath, by Marian M. Fulk inthe U.S. District Court.

These declarations are submitted separately with th dossier. They were filed on, respectively, 18

February 2004, 20 April 2004, and 30 June 2004.

The litigation was an attempt to compel the U.S.ayernment (specifically the Dept. of Energy) to
conduct a more thorough environmental review befor@perating a bio-warfare agent research
facility at its Livermore nuclear weapons laboratory (Livermore Lab, or LLNL).

The suit was partially successful in that the goverment was ordered to prepare an environmental
review of the potential consequences of a terrorigtttack on the proposed facility. This the
government did — but extremely poorly. So the cade back in court at present over that issue.
The case, and the declarations on HEPA filters haveearing in terms of all nuclear ventilation
applications.

Extracts from Court records of Marion M. Fulk’s declarations, including his credentials, are listed
below.

Further documentation on HEPA filters herewith presented includes:

« Penetration of a HEPA filter as a function of particle size - from the 18th DOE Nuclear
Airborne Waste Management and Air Cleaning Conferee, Baltimore 1984.

e 1999 CPEO Military List Archive - email from Maryli a Kelley on Plutonium Filter Problems at
Livermore Lab, 12 March 1999.

¢ HEPA Filters - Information Document from Filt-air.c om

» Letter from Leuren Moret (former Lawrence Berkeley Lab & Lawrence Livermore Lab
scientist, now an independent scientist working wht "The Radiation and Public Health
Project") to Congressman McDermott, dated 21 Februey 2003

 HEPA Related Lessons Learned - list from U.S. Depément of Energy website

* Preview of "People of the bomb" by Hugh Gusterson vith links to his writings on the failure of
HEPA filters

» Other web links to information on the failure of HEPA filters

* The Abstract on "A Survey of Mixed-Waste HEPA filters in the DOE Complex", 2002
(submitted separately in PDF)

« Email from Pelindaba Working Group to the National Nuclear Regulator requesting
information on HEPA filters, March 2009

« Email to the Nuclear Energy Corporation of South Afica requesting information on HEPA
filters, March 2009



Extracts from Court records of
The Declaration of Marion M. Fulk in support of the plaintiffs motion for summary judgement

In the United States District Court Case No: C-03-326 SBA
Between
Tri-Valley CARES & others vs US Dept of Energy, N#onal Nuclear Security Administration & others

“I am a Chemical Physicist, retired from the Unsigr of California, Lawrence Livermore National lahtory
in 1984, where | served 18 years as a staff ssieintchemical physics and material sciences. AtlLImost of
my work was classified, but it included the studyamioactive rainout and aerosols; their dynamiitiation
and growth. At LLNL, | studied problems associatgth aerosolized particles and their capture bytHig
Efficiency Particulate Air filters, commonly callé¢EPA filters. | also studied various toxic andicadttive
materials including uranium and plutonium.

“I have worked professionally on these issuestiertniversity of California and the Department oy
(DOE) and its predecessor agencies, including toenfe Energy Commission, since my work at the Ursitg
of Chicago where | conducted research on biologigsiems beginning in 1945.

“I have personal knowledge of the following...andfdecades of experience with aerosols, HEPA filter
vulnerabilities, problems and contaminant releasaarios.

“HEPA filters are the primary method used at LLMLfilter hazardous and radioactive emissions. &m, will
HEPA filters be the last bastion of defence befnotogical agents escape into the environment fitoen
proposed BSL-3 facility at LLNL.

“Most HEPA filters at LLNL are flimsy, weak, fibrémss paper and glue structures mounted in woodetalm
frames....HEPA filters can fail completely when watjgged, hot and over-pressured from fires, explusi
blowers and even severe storms. With age, minondaf these threats can cause filter blowouts. Eatbaugh,
in a survey of DOE facilities, found that filterilizres can cause filter failures occur in approxiehal2% of all
installed paper-glue HEPA filters. Handling or adkition damage accounted for about 20% of thertego
failures. A fragile HEPA filter system is all thstands between nearby residents and workers atideou
processes and accidents in the LLNL BSL-3 that priiduce potentially deadly biological aerosols.

“When HEPA filters are operating normally, undes thest of circumstances, they have a translucecy f
particles of approximately 0.1 micrometer in siggproximately 1 out of 1000 gets through the filte..HEPA
filters have a reduced efficiency (effectivenesg)taring particles between approximately 0.05 aBd 0
micrometers in size, with the largest inefficiemaythe 0.1 micrometer range.

“...HEPA filters may become structurally damaged uradeariety of conditions and expose the public ted
environment to large quantities of pathogens... wihh one litre container of a single biologicalrage
containing as many as one hundred billion (100@@MN00) cells or organisms.

“...In May 1999, the Defence Nuclear Facilities SgfBbard concluded that HEPA filter systems at Depant
of Energy facilities like LLNL may be vulnerable failure when most needed.

“...HEPA filters can fail catastrophically in numemaccident scenarios, including events initiated by
earthquake, explosion or fire....Each of these, dsagether potentially catastrophic accidents thay occur
... poses a serious threat to public health andrikigament. Yet, the EA does not deal with any dent or off-
normal HEPA filter events.



“...Each type of HEPA filter raises specific issuepmblems. Since the EA doesn’t discuss them, itigation
measures are proposed. The EA...rely on unduly ogtiicréissertions about HEPA filters derived from an
internal report done by an employee of indeternairséature at the Dept of Energy’s Los Alamos Nation
Laboratory....that internal lab report has not beade publicly available and is missing from thevaistrative
Record ...there is a wealth of peer-reviewed, credioid publicly-available expert data on the efficies of and
problems associated with HEPA filters. Therefone, dmission of this information and any detailedlgsis of
HEPA filter deficiencies...is both baffling and inexsable.

If a thorough Environmental Impact Statement isartaken before operations commence...there will Heea
proper opportunity for a detailed analysis of HEfiti&r and other accidental and “routine” releasersrios to
be conducted. From the Declaration of 10 Feb 2004, under oath.

“In my professional judgement, using two HEPA fiftén series...in inadequate to protect on-site werkad
the community. As | testified earlier, HEPA filtesige least effective against bioagents, particylgatticles
approximately 0.1 micrometers in size.

“...many of the potentially lethal pathogens thatyrbe used in ... are of the particle size mostyikelescape
capture by HEPA filters, even when the filters @perating properly...not merely during accident ctinds.

“...There are many accident conditions that can reddiEPA filter efficiency to well below 95%. In fadiEPA
filter effectiveness can be — and has been — reldiaceero in some accident conditions, such as fire

“...Known problems with HEPA filters are not fullystiussed and no mitigation measures are outlined.

“...Under perfect operating conditions, on averageydof every 1000 of the biological agents used.iin the
0.1 micrometer range will penetrate a single HERArf With two HEPASs in series, the average nundifed.1
micrometer size bio-agents that will escape igast 1 our of every million (1,000,000), a numlbet represents
a still unacceptable risk when a facility is handllarge numbers of potentially lethal microorgarss Moreover,
this estimate is very conservative and may under#i@ number of organisms released to the envieohm
because | have given the second HEPA filter theesaiathematical efficiency as the first, when, @alitg, it will
belessefficient because particles that passed throughHitieA filter are more likely to pass through a seto
filter than those that didn’t.”

“...the facility will handle up to a liter at a time#f each pathogen at a concentration of 10 to theepof 8 per
millilitre. At this concentration, one liter equabout one hundred billion (100,000,000,000) aalerganisms.
Therefore, if a litre containing a pathogen in @t micrometer size range were to become airbamehundred
thousand (100,000) cells or organism could escapeHEPA filters in series and be released into the
environment. Note, this is the number that wouldddeased to the environment if both HEPA filteerev
operating perfectly....This information was not ie tBA.

“...Thus, a much more comprehensive analysis isa¢dtle Failure to do so is scientific negligencel gits
workers and the community at risk-"Declaration of 29 July 2004, under oath



Penetration of a HEPA filter
as a function of particle size

18TH DOE NUCLEAR AIRBORNE WASTE MANAGEMENT AND
AIR CLEANING CONFERENCE, Baltimore 1984.

Also see:
Prototype Firing Range Air Cleaning System
GLISSMEYER et al

Experimental penetration of particles through &PAHilter — determination that approximately 0.184Me 0.1
micron particle range will pass through the filtéthere are 100,000 particles 0.1 micron in diteneer cubic
centimeter of air, then 120 per cubic centimetegioWill pass through a HEPA filter. In one dayarerage man
will inhale 28 million particles in the 0.1 micreange through a HEPA filter.

18th DOE WUCLEAR AIRBOOME WASTE MANAGEMENT AND AR CLEAMING CONFERENEE
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To send Mindfully.org your comments, questions, and suggestions click here

The home page of this website is  www.mindfully.org
Please see our Fair Use Notice

http://www.mindfully.org/Nucs/Penetration-Of-HEPAHKEr1984.htm
http://www.mindfully.org/Nucs/Firing-Range-Air-Clamglmar85.htm




1999 CPEO Military List Archive

http://www.cpeo.org/lists/military/1999/msg00035riht

From: marylia@earthlink.net (marylia)

Date: Fri, 12 Mar 1999 12:32:15 -0800 (PST)
Reply: cpeo-military

Subject: Plutonium Filter Problems at Livermore Lab!

Hello cpeo folks. This has broad implications as
used by government and industry-wide. Read on... Pe

Contact:
Marylia Kelley, Executive Director,
Sally Light, Program Analyst,

(510) 527-2057
For Release 3/11/99
Livermore Lab's Plutonium Facility -- A Ticking "Ti

Community group calls on Energy Secretary to close
facility; conduct immediate investigation of
Formerly secret documents form basis for group's de

On March 11, 1999, Tri-Valley CAREs (Communities Ag
Radioactive Environment) will send a letter to Ener

Bill Richardson demanding that he immediately shut
operations in the main plutonium building at the La
Livermore National Laboratory (LLNL) while a thorou
investigation of the problem-riddled facility is ca

The main plutonium facility at LLNL, called Buildin

880 pounds of plutonium, enough for nearly 100 mode
bombs.

Tri-Valley CAREs, the Livermore-based environmental
over the weapons laboratory, has recently received

the U.S. Department of Energy (DOE) in response to
Information Act (FOIA) request for information conc

High Efficiency Particulate Air (HEPA) filters
facility. The documents were not provided until Tr
CAREs, after waiting almost nine months for a respo
April 1998 request, filed a FOIA lawsuit against DO
Livermore Lab's parent agency.

These formerly secret documents, which total approx
pages, can be made available to reporters upon requ
Valley CARES' office. They are the basis for the gr
letter to Secretary Richardson. Several documents a
below.

The DOE documents reveal
Bldg. 332's HEPA filters, which are supposed to pro
workers and the public by preventing the release of
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into the air. Plutonium, a radioactive material derived from
neutron bombardment of uranium 238, is used in the

nuclear weapons. Plutonium 239, the weapons grade i

used at Livermore Lab, has a "half-life" of over 24

Among the documents are many memos from LLNL's own
outlining serious technical concerns about Bldg. 33
system and containing chilling warnings about poten
actual failures. Other documents describe accident
plutonium around Bldg. 332, which includes many roo
entirety, covers most of four acres.

Excerpt from FOIA-
release like we had in late 1979 - early 1980 to sp
necessary to solve the current problems." --

James S. Johnson, LLNL to Chuck Folkers, LLNL

"The records indicate that measurable plutonium rel
outside air occurred in 1979-80 due to

stated Sally Light, Tri-Valley CARES' Nuclear Progr

"According to these documents," Light continued, "

type of Bldg. 332's HEPA filters is not totally qua

nuclear applications.

Further, the documents show that these filters, which are ma
hand from glass paper and glue, may fail when wet,

under too much air pressure, as well as when too ol

Lab experts state in the documents we received that

should remain in service for only 8 years maximum.

the Lab has continued to use some of the filters in the plutoni
facility for 20 to 30-plus years!"

Excerpt from FOIA-ed memo of 3/6/95: "Old filters
discarded or only used in non-critical applications
filters are structurally weak." — Werner Bergman, L
Kahle. And, on 2/16/95: "LLNL has stored filters
prior to use and has functioning filters with 32 ye
service." -- HEPA Filter Studies, by Werner Bergman

Light went on to say that there is a risk of major
releases if a fire -- always a possibility with plu
occurs in Bldg. 332, causing the "blow out" of plut
filters when fire sprinklers turn on. "We are extre
about this possibility, because a major plutonium f
'blow out' has already actually happened at another
DOE facility , Rocky Flats, in Colorado," she said.

Excerpt from FOIA-ed memo of 3/6/95: "As stated in
documents,
filter blow out during fire conditions
to Ray Kahle

According to Marylia Kelley, Executive Director of
CAREs, HEPA filters work similarly to a filter in a
which doesn't prevent numerous small coffee particl
passing through.

"Even when the HEPA filter is working perfectly, it
capture 100% of the plutonium. If the filters are

old, crusty, brittle and failure-prone, as the ones

have, then this may show one possible pathway by wh

the most important issue is the potential for HEPA
. —Werner Bergman, LLNL
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made its way into the surrounding community, includ
Park," Kelley explained, referring to the recent "p

the park" controversy. Community concern continues
elevated levels of plutonium were discovered for a
Big Trees Park, just one half mile west of the Lab
elementary school.

Kelley also stated that some of the DOE documents i
memos describing the long-standing inadequacy of fu
research into both filter problems and their remedi
memo shows a Livermore Lab employee trying hard to
stretch what little DOE funding there was in order
partially address existing filter problems.

Excerpt from FOIA-ed memo of 3/21/98: "I no longer
support for HEPA filter tasks and cannot charge my
projects... Because of the serious accusations rega
these filters and the potential consequences to Bld
Lab, | quickly conducted a series of tests (using a
dollars of my DOE monies initially intended for oth
tasks) to mitigate the most serious questions regar
closed filters." -- Werner Bergman, LLNL to Tim Rob

"Historically, there's been very little guidance fr
the filters for the entire nuclear weapons complex.
each facility has been left largely on its own," Ke

Excerpt from FOIA-
Defense Programs] facilities have many old HEPA fil
there is no guidance and no disposal site" -- HEPA
Studies, by Werner Bergman, LLNL

"We will continue to monitor the
Livermore Lab's plutonium facility, as well as the

there, including the epidemic of plutonium criticality saf
violations that resulted in the months-long shut do

332 during 1997-98," said Sally Light. "As a priori

urging the community to join us in writing the Secr

Energy, as well as Representative Ellen Tauscher, t

that Bldg. 332 be closed while an immediate, thorou

investigation of these serious risks to public health and the
environment is undertaken."

-30-

A copy of the letter to Secretary Richardson is ava
on request.

++++ Please note that my email address has changed
<marylia@earthlink.net> on 3/1/99 ++++

Marylia Kelley

Tri-Valley CAREs

(Communities Against a Radioactive Environment)
2582 Old First Street

Livermore, CA USA 94550

<http://www.igc.org/tvc/
there!
Our web site will remain at this location. Only my

> - is our web site, please visit us
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has changed on 3/1/99.
(925) 443-7148 - is our phone

(925) 443-0177 - is our fax

Working for peace, justice and a healthy environmen t since 1983,
Tri-Valley CAREs has been a member of the nation-wi de Alliance
for Nuclear Accountability in the U.S. since 1989, and is a co-
founding member of the international Abolition 2000 network for

the elimination of nuclear weapons.

Prev by Date: FY2000 Environmental Security Budget
Next by Date: New! Cool! On The Web! Tri-Valley CAR  Es!

Prev by Thread: FY2000 Environmental Security Budge t
Next by Thread: New! Cool! On The Web! Tri-Valley C AREs!



HEPA Filters

http://www . filt-air.com/Resources/Articles/hepa/hep a filters.aspx

HEPA is an acronym for "high efficiency particulaiesorbing” or "high efficiency particulate arreste” or, as
officially defined by the Department of Energy (DYO®igh efficiency particulate air".This type ofrdilter can
theoretically remove at least 99.97% of dust, ppllaold, bacteria and any airborne particles wisiza of 0.3
micrometres|im) at 85 litres per minute (Lpm). In some casesy ttan even remove or reduce viral
contamination. The diameter specification of 0spomnds to the most penetrating particle size (MPP&Yicles
that are smaller or larger are trapped with evghdni efficiency. Using the worst case particle semilts in the
worst case efficiency rating (ie, 99.97% or betberall particle sizes).

HEPA filters are also employed to filter out highigzardous aerosols such as those that are radeact
biohazardous and highly toxic (eg. carcinogins)hievent of a nuclear, biological or chemicaboedk, HEPA
filters are the last line of defense between theamination and the those who could be exposed to i

Contents

1 History of HEPA Filters

2 Typical Characteristics

3 Industries and Applications

4 Construction and Function

5 Conditions that will damage HEPA
filters

6 HEPA Filter Performance

7 What HEPA Filters Can and Cannot Do
8 Microbially Tested HEPA Filters

9 Residential Purposes

10 HEPA Filter Classifications

11 HEPA Filter Testing

12 Pre-Filters

13 Maintaining HEPA Filters

14 Innovations in HEPA Filter Technology

History of HEPA Filters

The first HEPA filters were developed in the 194%/she USA Atomic Energy Commission to fulfill ept-
secret need for an efficient, effective way tcefiltadioactive particulate contaminants. They wereded as part
of the Manhattan Project, which was the developroéttie atomic bomb. The first HEPA air filters werery
bulky compared to the HEPA air filters that aredaroed today. HEPA filter technology was declasgiiéter
World War 2 and then allowed for commercial anddestial use. The following is a chronological listevents
in the history of HEPA filters:

« developed during WWII atomic bomb research for aomhent of radioactive aerosols

- called “superimpingement” or “ superinterceptioilteis; later referred to as “absolute” filters
- first prototype filters used esparto grass asitter fnedium

e in 1950s glass fibers were introduced into the pape

« in 1960s specifications were standardized andd&lEPA filters

e in 1970s ashestos was removed

« in 1960 the first laminar flow bench was inventé®andia National Laboratory

1C



Typical Characteristics

At a glance, HEPA filters have the following chamaistics:

e Most submicron semiconductor fabrication lines Tigpe-D ULPA filters as an improvement over
traditional HEPAs for Class-1 and Class-10 envirents.

« Usual size is 3 ft. x 6 ft. x 5.875 in. frame.

«  When new, maximum pressure drop is 1 in of watero36 psi

. Each ft of opening corresponds to about 50oft paper area

» Designed for 90 Ifm air velocity, or 45.7 cm/sec.

« Designed for entraining 500 - 1000 grams of dustlp@0 cfm

- Are sealed into the ceiling using gel-sealed T-bars

- Typical lifespan is several years if air is propeptefiltered

Industries and Applications

HEPA air filters have been traditionally used irspival operating and isolation rooms, pharmacelugice
computer chip manufacturing, as well as in othg@liagtions requiring "Absolute” Filtration. TodayBRA air
cleaners, vacuum cleaners and air filters are imsadvide variety of critical filtration applicatis in the nuclear,
electronic, aerospace, pharmaceutical and medeatdsf HEPA air cleaners, vacuum cleaners andlrs are
required by law to be used in all equipment foregsbs, lead, toxic chemical and mold abatements& REPA
filtered products must meet the strict Military sdard 282 HEPA filtration efficiency test. Tod&lEPA filters
are used in a broad range of industries including:

« Microelectronics (eg. semiconductor cleanrooms)
« Pharmaceutical

- Bio and gene technology

« Chemical industry

* Nuclear air ventilation

« Waste incinerators

» Hospital operating rooms

« Emergency burn centers

« Cosmetics

« Medical industry

- Food industry

e Optical industry

- Automotive industry

- Surface engineering

- Precision engineering

- Nanomaterials

« Space industry

- Military equipment

- Power and energy plants

« Controlled and ultraclean environments for critisahnologies
« Movie theatre industry

« Portable residential air cleaners

HEPA and ULPA filters are best applied in situatiavhere high collection efficiency of submicron tRarate

Matter (PM) is required, where toxic and/or hazaiBM cannot be cleaned from the filter, or whbeeRM is
difficult to clean from the filter. HEPA and ULPAlters are typically utilized for applications inwing
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chemical, biological, and radioactive PM. HEPA &HdPA filters are installed as the final componenaiPM
collection system, downstream from other PM coitectevices such as electrostatic precipitatelyaghouses.
(Heumann 1997)

HEPA and ULPA filters are specifically designed fioe collection of submicron PM at high collection
efficiencies. They are best utilized in applicaiarith a low flow rate and low pollutant conceniat Filter
outlet air is very clean and may be recirculatethiwithe plant, in many cases (AWMAI 1992). Theg apt
sensitive to minor fluctuations in gas stream ctons (Heumann. 1997). Corrosion and rusting of ponents
are usually not problems. Operation is relativatyme. Unlike electrostatic precipitators, HEPA dodPA filter
systems do not require the use of high voltagaetbes, flammable dust may be collected with pragee
(AWMAI 1992). Filters are available for a rangedifnensions and operating conditions. Commercitarfil
systems and housings are available in several tfpasnfigurations to suit a variety of installatiand operation
requirements. These systems have many built infesasuch as testing and monitoring equipment.

HEPA and ULPA filters are useful for collecting pieles with resistivities either too low or too hifpr
collection with electrostatic precipitated (AWMA992). Unlike baghouses which require workers teetiite
collector to replace bagel HEPA and ULPA filterstgyns are designed to replace filters outsideaheator
housing. This makes them ideal for application®iving hazardous air pollutants (HAPS) or toxic Plie
collected PM is tightly adhered to the filter meftiasubsequent disposal. Bag in/bag out procedhegsnay be
required by OHSA are easily performed with theefidt(Heumann. 1997).

Construction and Function

When designing HEPA filters, there are several #énat must be considered: application, environment
efficiency required, physical geometry constraistajctural requirements, system volumetric floguieements,
system operational pressures, existing air han@qugpment and its capabilities, as well as magnten,
ergonomics, cost, and manufacturability.

Most HEPA filters are constructed from a mat ofd@mly arranged special glass fibre sheet pleated\i
pattern like a folded paper fan with corrugatedrahium separators between the folds. This is atdd¢h a
sturdy base, forming the core of the filter.

HEPA and ULPA filters generally contain a paper raetlewer filter designs may contain nonwoven media
which utilizes recently developed fine fiber tectugy (INDA, 2000). Generally, the filter media &hfricated of
matted glass fiber such as borosilicate microt{E#%A, 1991). The small fiber diameter and high jragklensity
of both the paper and nonwoven media allow forefffieient collection of submicrom PM (Gaddish, 198Bhe
waste gas stream is passed through the fibroas filedia causing PM in the gas stream to be cetlemt the
media by sieving and other mechanisms, as mentibekedv. The dust cake that forms on the filter radddm
the collected PM can increase collection efficie(iER A, 1998a).

The filter media is pleated to provide a largerface area to volume flow rate. For this reason, NBRd ULPA
filters are often referred to as extended medier&l Close pleating, however, can cause the Pfidge the
pleat bottom, reducing the surface area (EPA, 19%¥8arrugated aluminum separators are often emglaye
prevent the media from collapsing (Heumann, 199 pleat depth can vary from 2.5 centimeters (td@).) up
to 40 cm (16 in.). Pleat spacing is generally betw#2 to 16 pleats per in., with certain conditiceuiring
fewer pleats, 4 to 8 pleats per in. (EPA, 1998a).

The most common designs are a box filter cell aodiadrical filter cell. In a box cell the pleat@dedia is
placed in a rigid, square frame constructed of waoehetal. The air flows from the front to the badkhe filter.
Box packs are approximately 60 cm (24 in.) in heagid width and 6 to 30 cm (3 to 12 in.) in len(fERA,
1991). The media in a cylindrical filter cell ispported by inner and outer wire frameworks. A megad seals
the media at one end. Air flows from the outsidéh®inside of the filter. This allows a higher thow rate than a
box cell since more surface area is exposed (VAi@29). Typical cylindrical packs are 50 centimgt@m) (20
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in.) in diameter and 35 to 60 cm (14 to 24 in )eingth (Vokes, 1999).

Both the box and cylindrical cells seal the medithe frame or cap using polyurethane, epoxy, loerot
commercially available adhesive. A metal grill gas the media face from damage. The filter cetiésinted to
a holding frame using a gasket or fluid seal. Tilerfis generally mounted on the clean air pler&RA, 1991).
The filter can be mounted directly in the ductroaiseparate housing. HEPA and ULPA filter systesgsire
pre-filtering for large diameter PM. HEPA and ULFRer systems are generally the final componerd iPM
removal system (Heumann, 1997).

The HEPA and ULPA filter cells are generally ugizas a disposable-type filter. As discussed posiypwhen
the filter cake buildup results in unacceptabldlaiv rates, the filters are replaced. In most gesj replacement
of the filter cell takes place at the clean aimpi@® and outside of the housing unit. This redubesisk of
exposure to PM by the maintenance workers. Thisifeas especially important. HEPA filters differterms of

- Filtration efficiency

- Configuration (size and shape)
« Materials of construction

- Fire resistance

Key metrics affecting function are fiber densitydadiameter, and filter thickness. The air space/éeh HEPA
filter fibers is much greater than (Qu&. The common assumption that a HEPA filter a&is & sieve where
particles smaller than the largest opening can fmesgh is incorrect. Just as for membrane filtpasticles so
large that they are as wide as the largest oparidgstance between fibers can not pass in betivesn at all.
But HEPA filters are designed to target much smaltdlutants and particles are mainly trapped (tbiggk to a
fiber) by one of the following four mechanisms:

Filtration by interception

Direct interception works on particles in the mid-range size thatrerequite large enough to have inertia and
not small enough to diffuse within the flow strearhese mid-sized particles follow the flow streasritdbends
through the fiber spaces. Particles are intercept@@ptured when they touch a fiber. With intetiwep

particles following a line of flow in the airstrearome within one radius of a fiber and adhere.tBdirticles that
are farther than one particle diameter will notémoved by this process. This is one reason fohitte fiber
volume density of the 200 cfm media. The more detfeehigher the probability of particlecaptuféis effect is
dominant from about Oun up to about dm.

Filtration by inertial impaction

Inertial Impaction works on large, heavy particles suspended inltive $tream. Inertial impaction occurs when
large particles are unable to quickly adjust tongjes in the flow stream around fibers. The partidie to its
inertia, impacts a fiber and is captured. Thiseffe dominant from around the Qufn region up to around jmm.
Larger particles are unable to avoid fibers bydielhg the curving contours of the airstream andfareed to
embed in one of them directly; this increases withinishing fiber separation and higher air flowoaity.

Filtration by Brownian diffusion

Diffusion (also known as Brownian Diffusion) works on thealiest particles. Brownian diffusion is pegs the
most mysterious of the filtering effects sincesitds to defy common sense. Very fine particlebénair stream
will collide with gas molecules and create a rangath through the media. The smaller the partiee@nger
the particle will zigzag around. This random motinareases the probability of the particle contagt fiber.
This effect is dominant for all particlessmalleanh0.um.

Filtration by sieving
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Sieving, the most common mechanism in filtration. Siewihgps large particles that are just too big to fit
through the open areas of the filter. This inckudk particles above jom in size and larger. As you go smaller
in particle size, say betweenrh to 5um, occasionally some of these particles get throbghthe efficiency for
removal is still well into the 99.9999+% range. s still due primarily to sieve effectand the ineing of
inertial impaction effect.

The particle capture effects mentioned are allestitip how the filter media is made. Fiber diametpacing,
fiber cross section, and media thickness are bigdrin how effective a filter is. The smaller tiiger, the
greater the small particle capture efficiency. Sheller the fiber spacing, the greater filter efficy. The larger
the cross section, the greater the capture capabili

Each of these has tradeoffs that must be considensdver, when designing a filter. Glass and polyfibers
are the most common materials used in HEPA fil@tass fibers can be drawn down to much smalleneiars
than can polymers, 0.3um is very possible. Thisld/guggest that an all glass fiber filter wouldtbe best. If
your not concerned about space, perhaps this vimutrrect. However, in order to put a large amofimedia
into a small space, media pleating is the bestisoluUnfortunately glass is very brittle and timeadl fibers will
break if folded too severely. This is one reasoy mblymer fibers are added to the media matrix.yTéad a
significant amount of structural strength thatakgpleating to be effective without significantippacting filter
performance.

Diffusion predominates below the Quin diameter particle size. Impaction and intercepficedominate above
0.4um. In between, near the Qugh MPPS, diffusion and interception predominate.

The initial filter air flow resistance and finaltér air flow resistance are typically measuregi@Essure drop
across the filters.

The terminology of “True HEPA” is a loosely usedrikeing term. Various industries and institutiorsvé
different specifications as to how they define HEIFAr example the European Standard EN1822-1 define
HEPA filter as ranging from 85% to 99.995% effidi@gainst a 0.3 micron challenge. The standardtaddyy
commercial aircraft manufactures and many othemstrées is MIL-STD-282 Method 102.9.1 which reqaithe
filter to capture 99.97% of 0.3 micron particles.

HEPA filters will have a label attach to them amamally contain the following parameters:

- Percent penetration at rated flow
« Resistance at rated flow

« Direction of flow

« Filter size

« Type of separator

Most HEPA filters are designed for the specificiemwvment in which they will be used. Filters usadperating
room environments must be able to filter out biacdajorganisms. However, they are not subject g hi
humidity environments, since this would prompt b@tal growth on the media, and are usually plasighin
the lower dew point section of the ventilation eyst Filters used in semiconductor clean rooms imeisible to
handle low level exposure to selected acid vapgpscally at temperate conditions.

Conditions That Will Damage HEPA Filters

The following is a list of potential conditions thander prolonged exposure will either permaneddsnage or
comprimise a HEPA filter:
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« Moisture: 95-100% relative humidity

« Hot air: greater than 275 °F

- Fire: direct fire or high concentrations of partate matter produced by fire

- High pressure: 8 in. of water, gauge (in. wg) in&tior differential across filter media
- Corrosive mist: dilute moist or moderately dry cenrations of acids and caustics

« Any acid and some caustics will attack uncoatechalum separators

« Hydrofluoric acid will attack the media

- Nitric acid will attack wooden boxes making higfflggmmable nitrocellulose

« Shock pressures

Note: The filter exterior must not be exposed dlyeim outdoor environments.

HEPA Filter Performance

HEPA filters provide a very high level of filtraticefficiency for the smallest as well as the latgesticulate
contaminants. As defined by the Institute of Enwim@ntal Sciences and Technology, IEST-RP-CC00M3 an
MIL-STD-282 Method 102.9.1, a HEPA filter must cag a minimum of 99.97% of contaminants at 0.3 amsr
in size. The 0.3 micron benchmark is used in efficy ratings, because it approximates the moscudliffparticle
size for a filter to capture. HEPA filters are eweare efficient in removing particles that are derathan 0.3
microns and larger than 0.3 microns. The fact ahdEPA filter's removal efficiency increases astioée size
decreases below 0.3 microns is counter intuitiv@veler, this is a proven and accepted fact inittratfon
sciences.

Experimental penetration of particles through a WEiRer have determined that approximately 0.1%hHa 0.1
micron particle range will pass through the filtétthere are 100,000 particles 0.1 micron in dieneer cubic
centimeter of air, then 120 per cubic centimetegioill pass through a HEPA filter. In one dayarerage man
will inhale 28 million particles in the 0.1 micreange through a HEPA filter.

HEPA filter performance is dependent primarily ugloa four following characteristics:

Air Flow : HEPA and ULPA filters are currently limited toNacapacity air flow applications. Standard filter
packs are factory-built, off the shelf units. Thegly handle from less than 0.10 up to 1 .0 stancisibit meters
per second (sisec) ("lhundreds" to 2,000 standard cubic feengiaute (scfm) (AAF, 2000; Vokes,1999).
HEPA filter systems designed for nuclear applicgagicequire higher capacities. For these applicatiitter

banks or modules are ducted together in parallgldease air flow capacity (EPA, 1991). Commelgial
available modular systems can accommodate airfd@s in the range of 5 to 12 ¥sec (5,000 to 40,000 scfm)
(AAF, 2000; Vokes, 1999).

Air flow capacity is a function of the resistanoe pressure drop across the filter and particldiluga As the dust
cake forms on the filter, the resistance increabesefore, the air flow rate decreases. Sincdiltee is not
cleaned the air flow rate continues to decreaskeasystem operates. After the pressure drop atireddter
reaches a point that prevents adequate air flafilter must be replaced and disposed. For thessons, HEPA
and ULPA filters are used in applications that hiawe air flow rates or have low concentrations & P
(Heumann 1997).

Temperature: Temperatures are limited by the type of filterdiaeand sealant used in the filter packs. Standard
cartridges can accommodate gas temperatures Ugoin 83 °C (200 °F). With the appropriate filterdreeand
sealant material, commercial HEPA filters can attemperatures of up to 200 °C (400 °F). HEPA fdteith
ceramic or glass packing mechanical seals can ttgraperatures up to 537 °C (1000 °F). (EPA 1991)

Spray coolers or dilution air can be used to lothertemperature of the pollutant stream. This presvthe
temperature limits of the filter from being excegdEPA, 1998b). Lowering the temperature, howewereases

15



the humidity of the pollutant stream. HEPA and ULffers can tolerate some humidity. Humidity higllean
95%, however, can cause the filter media to plegulting in failure (EPA, 1991). Therefore, the miom
temperature of the pollutant stream must remaivelbioe dew point of any condensable in the strddra filter
and associated ductwork should be insulated arsllgp$ieated if condensation may occur (EPA, 1998).

Pollutant Loading: Typical pollutant loading ranges from 1 to 30rgsaper cubic meter (gAn(0.5 to 13 grains
per cubic foot (gr/fY)) (Novick, et at, 1992). Dust holding capacity quares the weight gain of the filter to the
rise in pressure drop during a specific periodragt(air flow volume). Typical inlet dust holdinggacity range
from 500-1000 g/1000 scfm (Gadish, 1989). As disedsabove, the pressure drop across the filtefusction
of pollutant loading. HEPA and ULPA filters are based in applications that have low concentratwiM, or
prohibit cleaning of the filter (Heumann, 1997).

Other Considerations Moisture and corrosives content are the majorsgi@am characteristics requiring design
consideration. As discussed previously, humidityaip5% is acceptable with the proper filter medaatings,

and filter construction. Filters are available whaan accommodate corrosive gas streams with ctratiens up
to several percent. These filters are constructepecial materials and are generally more expen$iPA,

1991)

The dust-holding capacity of a filter is dependemthe shape, size, and density of the dust pestitis exposed
to. In applications with high dust concentratiaihe HEPA filter should be protected by replacegédilters

upstream of the filter. For structural design pse® 4 Ib of dust load per 1000 cfm of rated capaein be
assumed.

The following chart indicates dimensions and perfances for typical HEPA filters:

Size Dimension Nominal airflow  Maximum resistance Filter weight Ib

in. (mm) cfm  m%hr In. water gauge Pa
1 ?2)(‘);3:(‘ Soé/ f(678) 25 42 13 325
2 ?2’53)’(‘50;/?( 140 85 13 325 3.6
3 (13202 Lo )(7’1849}25 212 13 325
4 (25116 IS )(7’1849§00 850 1.0 250  17.0
5 (25116 2ot %’922}000 1700 1.0 250 5o
6 (25116 2ot %’922}250 2125 1.0 250
7 (2511)(() i“éé}( %/922}500 2550 1.3 325
8 (25116 et ;/922?000 3400 1.3 325
o 12x12x111/2 . Lo 250

(305 x 305 x 292§

HEPA and ULPA filters are typically operated ungeessure of approximately 203 mm of water columim(&f
water column). High operating pressures may ruphedilter. HEPA filters utilized in the nucleardustry have
seismic requirements in addition to the performarieacteristics discussed above. (EPA, 1991)

Individual HEPA and ULPA filter cells accommodateforal capacities up to 1.0 s¥sec (2000 scfm) (Vokes.
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1999). Larger air flow capacities are requiredsome applications. such as the nuclear ndustry.

To increacre capacity, multiple filters are housetands or modules vvhich are ducted togethers atbws a
standard off-the-shell filter unit to be utilizeakfa variety of applications and air flow rates

(Osborn. 1998). In this type of design, dampershbznsed to seal off a portion of the filters fainmtenance
(Evokes. 1999).

The number of filter cells utilized in a particusstem is determined by the air-to-cloth ratiother ratio of
volumetric air flow to cloth area. The deletionaif-to-cloth ratio is based on the particulate lngd
characteristics and the pressure drop acrossltherfiedia. Practical application of fibrous metfili@rs requires
the use of large media areas to minimize the prestop across the filter (EPA 1998a). The papdr an
nonwoven filter media used in HEPA and ULPA filtéis/e a larger pressure drop across the filter tian
woven fabrics used in bags. For this reasons HERIALA_PA filters are utilized at lower airflow ratasd lower
particulate loadings than baghouse designs. Asistisdl previously, once the air flow rate throughfilber
system decreases to an unacceptable point, therfilist be replaced (Heumann. 1997).

Operating conditions are important determinanthefchoice of materials used in HEPA and ULPA fitells.
Pollutant streams with high operating temperaturgg) humidity, or corrosives require special filbeedia,
sealant, materials, and coatings. These speciariaigtincrease the cost of the system. (EPA. 1991)

The paper and unproven media used in HEPA and Uiltgs have a significantly higher resistance thze
woven fabrics that are used in bag filters. Thénlgfjiciencies of HEPA and ULPA filters require thiae
integrity of the filter seals be maintained. THeefi media is subject to physical damage from meidad stress
(Heumann. 1997). Temperatures in excess of 950C {B) or corrosive pollutant streams require the of
special materials in the filters which are moreangive (EPA. 1991). Concentrations of some dudiisdriilter
housing may represent an explosion hazard if &gparccidentally admitted. Filter media can bdmeadily
oxidizable dust is being collected (AWMA. 1992). Pk and ULPA filter systems require high maintenaaicd
frequent filter replacement. Filter life may be gbaed in the presence of high temperatures andoaalkaline
participates or gas constituents. High flow ratedust loads will also decrease the operationaldffthe filter.
HEPA and ULPA filters cannot be operated in moisti®nments. Hygroscopic materials, condensation of
moisture, or tarry adhesive components may causgyiplg of the filter media (EPA. 1991).

A specific disadvantage of HEPA and ULPA unitshigttthey may generate a high volume waste proditictav
low density of pollutant. For HAP applications attemicals biological, or radioactive toxic PM applions, the
filters must be disposed of as hazardous wastewBisée is composed of the wood or metal framesrocg
binders and gaskets, glass fiber media, and hazsi@mtaminants. (EPA. 1991).

What HEPA Filters Can and Cannot Do

Let us take a look at particles which may entdearmoom from outside air. If we assume air outpiakticle
concentrations are about one million 0.5 micron langer particles, it would not be an unreasonabi&imption
as levels are much higher in many areas of thetopun this case, the number of 0.1 micron pagsalill be
about 35 times as many as for the 0.5 micron pestiar about thirty-five million particles per caldibot. Now let
us assume we are using a 99.999% efficient HERex fitated at 0.1 ppoint of least efficiency), weuld filter
out 34,999,650 particles but 350 one-tenth micranigdes would remain. This is the maximum limit toClass
100 cleanroom! Obviously, we need a number of audit methods to help address the required rechetid
particle concentrations.

One way the methods is to use a small percentagetside makeup air and mix it with recirculatedvelnich
gets progressively cleaner, a primary reason ahitigenergy savings to use recirculated air. Anothethod is
to use dual banks of HEPA filters, one set in ttexenrup handler and a final room set, which is ameoended
general practice (using a dual bank also protéetsimal set from high levels of particle exposuhels increasing
their lifetime and reducing the buildup of pressdireps). At this point, we need to not only notet, &lso
emphasize,that the use of any HEPA filters of teags 99.99% efficiency should never be considefed.even
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the crudest of cleanrooms, the initial cost savirfgany, will certainly be more than offset by tication costs
and the poor results.

A 99.97% efficiency filter is tested with a grosak measurement indicating that 0.03% of all upstre
contamination may be passed through the filter.aF8®.99% filter, the test measures each smallsréiaat no
more than .01% of upstream contaminant may be gasseindividual leak. Since most of the filteredonot
have a leakage rate anywhere near the .01% limeitresult is that the gross leak is far less thah9. Thus, a
scanned 99.99% filter is far more than 3 timesdoéttan the gross leak tested 99.97% filter, gdiyeya the
order of from 1000 to 10,000 times better!.

It is just as important to understand what a HERArfcannot do as well as what it can do. No HERAr can
reduce the amount of contamination introduced dtneam of the filter. Repeat: No HEPA filter canued the
amount of contamination introduced downstream effiller. While this may seem inherently obvioussi
amazing how many times the excuse that the HER&dilwill take care of it is used!

If the only function of a HEPA filtration system weeto provide clean air to the cleanroom, we cquichp the
room full of clean air and then turn off the filti@n system! In fact, ninety percent or betterhd function of a
well designed cleanroom HVAC system is to removeritally generated contamination and prevent infro
adversely affecting the critical product or proc&asnversely, delivering clean air to the cleanrasmonly ten
percent or less of the function. With this in mimg need to ask, "Where does this internal contatioin come
from?" ...

. A person sitting or stopped generates ab@01000 particles per cubic ft.

. Sitting down or standing up generates aBcgQ0,000 particles per cubic ft.
. Walking generates about 10,000,000 partpéescubic ft.

. Horseplay generates about 30,000,000 pastjmér cubic ft.

. Grinding, sweeping, welding adds billiongafticles per cubic ft.

. Two surfaces rubbing generate billions atipkes per cubic ft.

. An open, non-airlocked door can add billiohgarticles per cubic ft.

. Process equipment adds particles

. Process materials add particles

. Maintenance activity adds particles

. Construction residue can generate massnelea throughout the life of the facility!

Thus we cannot depend upon the filtration charesties of the HEPA to remove the internally genedat
contamination. We already know that it will onlymeve a given percentage of upstream contaminalioms, we
must utilize HEPA filters as the valuable toolsytlaee in the cleanroom, but at the same time keepind the
constraints of their use.

HEPA filters cannot remove contamination introduced downstream of the filter.

Microbially Tested HEPA Filters

Microbially tested simply means that a filter wasted against a particular bacterial, fungal, mal\article
challenge. Many industry and university studiesehstvown that a HEPA filter provides the same rerhova
efficiency against a viable or a non-viable patttel challenge of the same size. The physical Etwgork
governing the removal efficiency of a filter media not discern between a viable and a non-viahtécpa The
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same capture mechanisms apply. Thus, the remdi@éaties for a viable and a non-viable partiadle a
equivalent. The removal efficiency of the HEPA nzedgainst a 0.027 micron viral particle is domiddig the
diffusion filtration mechanism. This mechanism pd®s a very effective means of removing very sipaiticles,
such as viruses. In fact, the smaller the parttble higher the removal efficiency due to the diffun filtration
mechanism.

Residential Purposes

Every house with plants, pets or people is autarabyi polluted. According to the EPA, the air in shdomes is
at least two to four times more polluted than algsir.

Most of us spend up to 90 percent of our time imsldoeathing polluted air and only 10 percent eftime
breathing healthy, oxygen-rich outdoor air. Theuleis that many of us suffer from asthma, allesgaad
hypersensitivity.

According to the EPA publication The Inside StokyGuide to Indoor Air Quality, the less fortunatmccome
down with respiratory diseases, heart disease amcke after prolonged or repeated periods of expdsusome
pollutants.

The American Lung Association reports that 24.7iamlAmericans have been diagnosed with asthma sionge
in their lives and that in 1999 alone, close toiliom emergency room visits were attributed tohasa.

The two primary methods of preventing indoor aillyg@mn are source control and cleaning the air.

Source controt If there are no pollutants, there is no pollutidmfortunately we live in a very dirty world. On a
practical level, source control is as simple asgipump bottles instead of aerosol spray candettotg anyone
smoke inside the house and exhausting bathroomtiamsgh the roof, not into the attic. It also mgan
waterproofing and ventilating the basement soithragver gets damp and making sure the roof dokesikt

Cleaning the air. At the most basic level, the furnace filter takesks and chunks out of the air. The American
Lung Association recommends upgrading furnacerfilte at least the quality of the 3M Filtrete dneat
electrostatic filter. You also can upgrade to thiogdia filters, such as the Air Bear, or electraiiccleaners,
such as the Trion Max 5 or the Honeywell Electrarccleaner.

HEPA filtered air cleaners, air purifiers and vacucdeaners are highly recommended for all allergy asthma
sufferers.

The American Lung Association recommends that pr@eeirce control strategies be employed in homas as
primary means of reducing exposure to pollutahi, is, getting at the real source of what causéistpnts and
reducing it or removing it. However, physical seglivhich do not measure health effects do showctrédin air
cleaners are effective in removing certain indoopallutants. Thus, as an adjunct to effectiversewcontrol and
adequate ventilation, highly efficient air cleaneas be useful in further reducing levels of ceriadoor air
pollutants. More research on the health benefitsrafleaners is needed to provide complete evielémat would
better address the circumstances of intended use.

Based on the limited available data, it can be kwmiezl that if allergen sources are present iniderse, air
cleaning alone has not been proven effective ataiad airborne allergen-containing particles tcelewat which
no adverse effects are anticipated. Cats, for elgrgpnerally shed allergen at a much greaterthate air
cleaners can effect removal. Dust mites excregggehs in fecal particles in sequestered envirotsnee.,
within the carpet or the bedding). For individusésisitive to dust mite allergen, the use of impafteemattress
coverings appears to be as effective as the uadamfiinar flow air cleaning unit above the bed.8ewcontrol
should always be the first choice for allergen oalnh residences.
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The reality in most residences is that total eleiion of a pollutant source is not always possiblpractical.
Individuals with severe allergy and asthma symptomiese symptoms are not alleviated by other socwoéol
and ventilation strategies, may want to try andiée air cleaner in an attempt to aid in furthep@sure
reduction. Although there is no proven health biefiefm such a measure, some individuals repott ttey
perceive air cleaners as useful in improving thealth status.

Unfortunately, for residential use, HEPA filtersxdaze noisy when used in air filter systems dudéfan and can
be expensive due to electricity costs. To reduegenthe air intake duct and intake fan is oftarated outside of
a building, oftne on the roof of the building. Reggment filters can also be expensive as HEPAdilee not
reusable. Despite this HEPA filters are easilyrtiust effective filters available and their use taprove allergic
symptoms dramatically.

HEPA filters (recommended by the Dept. of Homel&edurity) are more effective than any other typaiof
filter at capturing dust, pollen, ragweed, dustesiitmold spores and other allergens.

HEPA Filter Classifications

HEPA and ULPA filters are classified by their minim collection efficiency. Many international stargdimand
classes currently exist for high efficiency filt€@sborn, 1989). In general, HEPA and ULPA filtars defined
as having the following minimum efficiency ratinggumann, 1997):

HEPA: 99.97% efficiency for the removal of 0.3 prardeter or larger PM,
ULPA: 99.9995% efficiency for the removal of 0.16hdiameter or larger PM.

Some extended media filters are capable of mudhmehigfficiencies. Commercially available filtersrazontrol
PM with 0.01 um diameter at efficiencies of 99.99af6l PM with 0.1 um diameter at efficiencies 00899+%
(Gaddish, 1989,, Osborn, 1989). Several factomsraehe HEPA and ULPA filter collection efficiencyhese
include gas filtration, velocity, particle charatsécs, and filter media characteristics. In gaehehe collection
efficiency increases with increasing filtration @elty and particle size. In addition, the colleatiefficiency
increases as the dust cake thickness and densigases on the filter (EPA, 1998a)

HEPA filters fall in a category type that refersghe intended type of application:

Type Application Performance
A industrial, noncritical >99.97 % @ 0.3 pm (MIFB-282)
B nuclear containment >99.97 % @ 0.3 pm (certifigddOE)
C laminar flow >99.97 % @ 0.3 um (MIL-STD-282)
D ultra-low penetration air (ULPA) >99.9995 % @Dum

E toxic, nuclear, and biohazard containmidiit-F-51477, MIL-F-51068 (classified performance)

Cleanrooms that require HEPA filtration will be @gbrized according to the level of contaminatiothie room
after the air has been filtered out. Cleanroomaifaier one of the following classifications:

#05 #5.0 air ceiling air max ADDIOX
cl mm mm filter Lo temp. RH pprox.
ass . . changes velocity vibration capital cost
particles particles coverage ; tolerancetolerance
per ft3  per ft3 per hour (%) (fpm)  (min/s) per ft2
office 12-18 $10
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100,000100,000 650 18-30 10 $50

10,000 10,000 65 40-60 30 10 +3.0°F +5% $200-250
1,000 1,000 6.5 150-300 50 30-50 12.0°F +5% $360-
100 100 0.65 400-540 80-100 75-90 500 +1.0°F 5% 1268

10 10 0.065  400-540 100 75-90 250 +0.5°F 3% ~$3500
1 1 0.0065 540-600 100 90-100 250 $0.3°F 2% ~$ImL0
0.5 0.5 0.0033 540-600 100 100-1126 $0.1°F  +1% ~$25,000+

HEPA Filter Testing

Testing of the collection efficiency for HEPA andL.RA filters is performed under clean filter condits. This is
in contrast to continuously cleaned-type filters;tsas baghouses, which are tested after reaclstegdy-state
pressure drop. Cleaned-type filters have nearlgteon effluent panicle concentration whereas HERABLPA
filters have overall efficiencies which vary witanticulate loading. (Heumann, 1997)

The efficiency of each filter is tested by the nfacturer before shipping. The user customarily lesis the
filter and the installation it is in on installati@nd annually thereafter. For nuclear applicatiadslitional tests
are required by the Department of Energy (DOE)anthe owner/operator after installation (Burchstedt,
19791. There are two separate tests for HEPA arfélAUilter collection efficiencies. HEPA efficiengy rated
using a thermal dioctyl phthalate (DOP) test. Té=t tdust for HEPA filters is mono-sized, 0.3 pnmukter, DOP
particles, generated by vaporization and condessadilternative aerosols can also be used as $paaf
required for given applications. A photometer measithe particle penetration of the HEPA filterdgnsing the
scattering of light. ULPA efficiency is tested ugia particle counter upstream and downstream diltae An
atomizer injects a solution of DOP, alcohol, andenal oil in hexane to generate particles rangiomfof 0.1 to
0.2 um in diameter (Heumann, 1997).

Testing a HEPA filter involves the following regeinents:

« Access to the air intake to inject a special typaavosol whose particle size should not penettete
HEPA filter

< Mixing the air and aerosol in the upstream air {tgasn being the contaminated air on unfiltered side
the HEPA filter)

« Uniform aerosol concentration upstream: making shaethe aerosol particles are uniformly dispeised
the upstream air

« Downstream mixing: Only required at the installatend not at the factory. At the factory, the aeros
exiting the filter is immediately sucked into a fiee counter without being dispersed in a roomthit
installation, the air needs to be dynamically mowed exhaust ducts to ensure leaked particles are
captured.

« Uniform aerosol concentration downstream

Pre-Filters

HEPA and ULPA filters require pre-filtering to rerr®large PM or for dust concentrations greater @r@sns

per centimeter squared (g/6nG0.06 pounds per feet squared (IB¥ftPre-filtering may be performed in several
stages. Mechanical collectors, such as cyclongsrmturi scrubbers mayetrequired to reduce large diameter |
Standard baghouse or cartridge filters are requodidter out PM greater than 2.5 um in diame(BRPA, 1991)

In high temperature applications, the cost of heghperature-resistant filter designs must be welguainst the
cost of cooling the inlet temperature with spraglecs or dilution air (EPA, 1998b).
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Maintaining HEPA Filters

HEPA filters require no cleaning or maintenancentiintain efficiency, and studies have proven thaPH
filters actually increase in efficiency with useeotheir 3 to 5 year life.

HEPA and ULPA filters are monitored for pressurepdacross the filter media. Once the pressure lbespmes
unacceptable, the filter must be replaced. Theglgressure drop for a clean filter is 25 millierst(mm) of
water column (1 inches (in.) of water column). Aorease of the pressure drop in the range of 302anm of
water column (2 to 4 in. of water column) indicaties end of the service life of the filter (EPA 919 Burchsted
et at, 1979). Newer filters are available whichédalean filter pressure drops in the range of B3tonm of water
column (0.25 to 0.5 in. of water column) (Burchsgtdt, 1979).

The operation of the filter may require additorglipment. Pressure sensors at the inlet and ondgtbe
required to measure the change in the pressureagdrogs the filterThis not only indicates when the filter sho
be replaced but also monitors the integrity offther system (EPA. 1991). For applications thajuiee a DOP
efficiency test to be administered in place, sangpénd injection ports and a test apparatus magdpgred
(EPA. 1991). A special fitting may be installedféailitate bag in/bag out procedures (Vokes. 1999)

In addtition to an increased pressure drop (51 m&02 mm of water column), HEPA filters should be
immediately replaced whenever it is exposed to:

« Water spray without protection by a demister or time a filter is exposed to water spray from fire
fighting

« Moisture: 95-100% relative humidity at temperatunggher than 130°F

« Hot air: higher than 275°F

« Fire (direct contact)

« Shock pressures greater than 1.7 psig.

Innovations in HEPA Filter Technology

There are technologies that can be applied toiegifitter media that would increase the capaleitof the
particulate filter. Localized electrostatic chargects on fiber surfaces are thought to play sparein the
filtration process. It is possible to significandghance the filter performance of existing mediajpplying an
electric field or static charge effect.

Electrostatic filtration

One technology currently being evaluated is thdiegipon of an electric field to the HEPA filteisilf. This
technology is currently being investigated undbdiaay funded research effort by New World Associdtes
Fredericksburg Va. In typical filters when dustleots on a fiber, it tends to deposit on to thelileg edge, or
side, of the fiber facing the air stream. Through application of an electric field, it has beetedahat there
could be a greater loading of dust on the dowrasirside of the fiber. Testing to date may suppgustsince a
significant increase in filter performance as vaalldust load capacity has been achieved. Howevggtano
smicrograph images of dendrite deposition have bétxined to determine this. Through the applicatibthis
technology drastic improvements to filter life, tlead capability, performance, and significanggluced
maintenance may be possible.

Electrostatic precipitation
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Following this same line of thinking, static pratibion technology is advancing and is under ingasion. At
Porton Down in the UK researchers are working witbw voltage system that they believe could deca#i
improve particulate filtration. The concept useshkttrostatic precipitator backed up by a HEP#filThe
filter Porton Down is using has a 99% efficiency osingle pass. If used in series with a HEP&fjlthe life of
the HEPA filter would increase drastically. CurréfiEPA filters are lasting up to four years in shupkd
installations. If this technology were used, ithisoretically possible that the same filters thateninstalled whe
the ship was commissioned would be the same filbeuse when the ship would be decomiiised. The reasc
for keeping the HEPA filter in the system is fockap in case the electrostatic filter fails.

A similar approach is being developed by FILT AlRIlwith its patented air ionizer. The product, kmoas the
Sterionizer, creates a large supply of balancedipps®nd negative ions. While ionized air playsimportant
role in other applications such as removing selgctricity, improving the quality of air for thoseho suffer
from asthma, and preventing airborne contaminandk as viruses, ionized air also helps to reduce ai
contamination. lons clinging to dust particles wiktigh down the patrticles, slow their speed inain#fow, and
cause them to stick to the filter media.

Finally, Nano Technology is being used to creatg types of materials that either produce smalleer or a
material with grid-like properties at the submidmscale. These materials are nonwoven and area@edewith
processes unlike those used to create typical fiteeysmedia. The equipment required for Nano Tedbgy
manufacturing is rather expensive resulting in aamexpensive filter media. Nevertheless, Nano Teldyy
based filter media is catching on and will likegptace convential HEPA filter media in the not siaht future.

Last updated: 27 April 2007

Copyright ©2009 FILT AIR Ltd.
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Letter from Leuren Moret to Congressman McDermott @mncerning HEPA filter failure to protect ...

It will permeate a gas mask filter: particles in the 0.1 micron range will penetrate even BEPA filter (High Efficiency
Particulate Airfilter — see Attach...
www.mindfully.org/Nucs/2003/Leuren-Moret-Gen-Gro2éfeb03.htm - 29K -

Letter from Leuren Moret to Congressman McDermott

with
Declassified memo to Gen. L.R. Groves 1943 — a blue print for DU

21feb03

"If you can't clean it up, don't use it." Doug Rekk
The Invisible War: Depleted Uranium and the Positaf Radiatior2000

February 21, 2003

The Honorable Jim McDermott, Congressman
Washington State 7th Congressional District
1809 7th Avenue

Suite 1212

Seattle, WA 98101-1399

(206) 553-7170

(206) 553-7175 FAX
RE: Declassified 1943 memo to General L.R. Grovasiueprint for depleted uranium
Dear Congressman McDermott,

Mr. Joe Pemberton, a lawyer in Bellingham, Washinghas asked me to provide you with scientifioinfation on the
critical and overlooked issues of particle sizengieation of gas masks, and mobility of depletegthium formed under
battleground conditions. It is also powerful sciéminformation to counter false statements rebemtade by the White
Housé and the DOB,

I am writing this letter out of concern for the it@ty personnel who may now be serving on or nearGulf War battlefields
in Irag and may be quartered in areas already nonged by depleted uranium munitions. But theyranemy only
concern. The Gulf War Veterans who are now suffes@evere health consequences have also been expategleted
uranium, chemicals and biological materials inahgdvaccines while serving in Irag and Kuwait.

The children and people of Iraq have been the gseatctims from exposure to depleted urarfiosed in the Gulf War and
will continue to be. Over time, they cannot esctiggechronic, low level exposure to internal radiatirom depleted uranium
and its decay products (see Attach. 7) as it cymhesrecycles through their environniéntwater, air and food products.

Depleted uranium dust will continue to be an exedrazard to soldiers, civilians, populations inrtoies downwiné® and
the environment as a radiological contaminant ltbwahg systems for ten half-lives or 45 BILLIONewrs.

I am a former Lawrence Berkeley Lab and Lawrenaeimore Lab scientist, and now work with a groujnofependent
scientists callethe Radiation and Public Health Project. Together this group has written ten books orhédth effects
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of low level radiation. Presently | am writing destce report on depleted uranium for the Uniteddwet Human Rights
Subcommission, now investigating the illegality ars@ of depleted uranium munitions. | have writtesnForeword
(Attach.1) toDiscounted Casualties: The Human Cost of Depleted Uranium by Akira Tashird.

Attached (Attach. 2) is a declassified memo to Galre R. Groves, director of the Manhattan Prqjéeted October 30,
1943. Major Doug Rokke provided me with this mefdeummarizes a report written by Manhattan Projgugtsicists Drs.
James B. Conant, A. H. Compton and H.C. Urey ordibgemination of very fine radioactive materiabamethod of
warfare. It is a “blueprint” for depleted uraniumiahas been used in Irag, Kuwait, Kosovo, Bosmd Afghanistan during
the past decade. The memo details the use of veryahd superfine particles of radioactive matsré a military weapon.
Depleted uranium, produces very fine and supegaréicles in large amounts as it burns. The 194Bmeutlines what was
known in 1943 and below are my comments:

- A gas warfare instrument the memo indirectly referred to fission produttsn Fermi’s nuclear pile or radioactive waste
like depleted uranium. The pyrophoric effect of ldégd uranium, which spontaneously burns when deatd 70 C (once it
is fired) and on impact, effectively forms verydarnumbers of extremely fine (0.1 micron) and subasicopic particles as
small as 0.001 micron or 10 Angstroms (see Att8chChart “Characteristics of Particles and PatBIspersoids”) as
described in the memo. Particles in this size rdrefe@ve like a gas when inhaled, disperse in thgsltio the blood lung
barrier where the white blood cells (greater thamcrons in diameter) engulf the tiny particles epteted uranium and carry
them throughout the body. Once these particles haeea engulfed by blood cells or lodged in tisstleesy may not be
detectable in the urine. Contaminated personnékakié the depleted uranium home, deposited ingisshroughout their
bodies.

There is no known treatment for exposure.

- It will permeate a gas mask filter particles in the 0.1 micron range will penetraven a HEPA filter (High Efficiency
Particulate Airfilter — see Attach. 4 - HEPA chart)arge numbers. The filters in gas masks issaetilitary personnel are
much less efficient than HEPA filters. There atallion particles of 0.1 micron diameter in a cubieter of normal air. It is
clear that a man (without a gas mask) breathirsgratrmal rate (about 28 cubic meters pefdagd retaining 75% of the
very fine particulate matter in the respiratoryteys will inhale very large numbers of very fine palkefsin a short time
period.

In a day an average man would normally inhale 28amiparticles in the 0.1 micron range throughas gnask with HEPA
filters. It would take one billion fine particles fill the period at the end of this sentence. Bmhattlefield during live fire,
the high concentrations of fine and very fine deggdeuranium particles could increase the numbdraléd in the small
particle range by magnitudes.

The gas masks issued to military personnel nowogepl to the Gulf Region are defective and do noviple even a
minimum of protection to personnel. Recently | wenta speaking tour in 3 northeastern states wifoiDoug Rokke,
January 25-February 1, 2003. In nearly every tadlgave, a National Guardsman or other military gresgould tell us that
their masks fell off when they tilted their heads.

Air filters in gas masks also fail as they are egthy moisture from breathing or are used in tie ra

There is no possible protection from exposure to ve fine particles of depleted uranium through filtering of air.

- As a terrain contaminant the dispersal of very fine particles of depleteahium will contaminate the terrain and deny
access to either side except at the risk of exgodurat includes civilians and animals who may tivere after the battle.
The half-life of depleted uranium — 4.5 billion yea- leaves the contaminated terrain radioactivevir.

Small particles less than 1 micron in diameter diosettle from the air (see Attach. 3 — Chart “Gloteristics of Particles
and Particle Dispersoids”) but become incorporatémlatmospheric dust (see Attach. 5 - Chart “Naltéerosols”) and are
transported around the earth until they are remgtrachout”) by rain, pollution or snotv Seasonal climate change,
agricultural activities, fires and other naturatianan-made disturbances will continue to remobitiagicles in the upper
dust level contaminating terrains off the battliefie

Weathering of larger particles of depleted uranieposited on the battlefi€lavill contribute to concentrations of depleted
uranium fine and superfine particles in the air apger dust level.

Air monitors in Hungaryand Greece during bombing in Kosovo and Bosniasamea Uranium 238 carried by the wind
from the battlefields. Seasonal fluctuations ofleigal uranium particles in the air have been repoin Kuwait.

25



- Water and food contamination the depleted uranium dust will cycle through éimeironment both on and off the
battlefield contaminating water supplies and fdedlod grown in contaminated areas will be transpla@emarkets and
contaminate populations and areas far from théeffiettls. Wind, water, birdsnd animals who transport the depleted
uranium in their droppings, slowly contaminate widad wider areas.

- Internal contamination: inhalation of very fine depleted uranium dusttioées is extremely damaging to the respiratory
tract and will get into the blood stream wheresicarried by blood cells and contaminates tissuesighout the body. These
“hot particles™ will continue to emit alpha and gamma radiaticee(éttach. 6 - photo “Hot particle in lung tissua¥ they
travel throughout the body or where they restsaue. After the Uranium 238 nucleus decays, thieaative daughter
product which forms (see Attach. 7) will contineedecay to other isotopes as many as four times. Wil increase the
level of radioactive exposure by magnitudes. Depletranium particles lodged in tissue will decag aantinue emitting
higher levels of radioactivity from daughter isatéspnto the surrounding tissues.

SYNERGISTIC EFFECTS: The health effects from expego a combination of radiation, chemicals, araldgical agents
was not addressed in this WW Il memo. This is tcaliissue on the battlefield and should be cargd in studies of Gulf
War lliness. The combination of radiation with hgawetals, chemicals and biological toxins acceéeeatd increase the
adverse health effects of exposure. The effectsirmkaown since very little research exists in frei'",

THIS IS AN ISSUE WHICH SHOULD BE CONSIDERED IN FUTRE CONFLICTS SUCH AS THE PLANNED
BOMBING OF IRAQ.

MEASUREMENTS OF DU IN TISSUES FROM 71 DEAD RESIDESDF BASRA:

Dr. Hari Sharma, a radiochemist living in Canadd amember of the Radiation and Public Health Projea$ measured
depleted uranium levels in the tissues of 71 residef Basra who died after the Gulf War from casteThey were in the
age range of 35-50 years. He found high conceotraitbf depleted uranium in tissue samples fromethedividuals. The
levels were about the same throughout the tissuggjesting that very fine particles were transpboirtethe blood and
deposited or lodged throughout the body.

WORLD TRADE CENTER AIR STUDIES:

Dr. Thomas Cahill, Emeritus Professor of Physia$ Atmospheric Sciences at the University of Catifarat Davis,
conducted an independent study of the air arourdiGt Zero at the World Trade Center after the @igastel’. Using very
sophisticated monitoring instrumetitsvhich detect very fine and ultra fine particlesh@ and his group monitored the
smoldering pile at the WTC for 5 months followirgetdisaster from one mile north of the center. Tinepsured
concentrations of particles in six size ranges f@®microns to 0.09 microh’s They reported the highest concentrations of
very fine particles of metals ever reported inttt&° and unprecedented numbers of very fine and dimgeparticles®.

This air monitoring study of the WTC provided navfarmation about very fine and superfine partieldsch have rarely
been studied. Burning metals and other materigiggait temperatures generate very large amountergfamall particles.

For this reason depleted uranium which has bursgaiticularly hazardous.

The EPA has verified that depleted uranium waénpiane that crashed into the Pentagon on’§/£&nd that the crash
site was contaminated. Residents of New York Cétedted radiation on hand held geiger counterses¥TC site. The
EPA not only failed to protect emergency resporessqnnel at both sites, but did not report or mesiSooncentrations of
very fine particles at any of the 9/11 plane crasiations. These are the most hazardous to healthmany personnel who
worked at the crash sites are now very ill.

Dr. Cabhill also studied the Kuwaiti oil field firdsllowing the Gulf War.

ECRR: RELEASED JANUARY 30, 2003

A new report from the European Parliament has beleased “2003 Recommendations of the European Gibeenon
Radiation Risk: Health Effects of lonising RadiatiBxposure at Low Doses for Radiation ProtectiorpBses” Regulators’
Edition: Brussels, 200%. The report was written by 46 international sdistand has over 550 references to
epidemiological studies which include nuclear Bt&kemias, Chernobyl infants, minisatellite mutatipweapons fallout
cancers, DU Gulf Veterans, and Iraqi children.

The report concludes that the International Congeitin Radiation Protection (ICRP) determined irstéomal standards for
risk and dose effects from studies on A-bomb suamgwvhich were based on high dose, external, aoygesures. The ICRP
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model only considered cancer as a health risk &gsdcwith radiation exposure. The ICRP model, gisbathtub”
chemistry, “steam engine” physics, and deceptipenting, produced faulty and fraudulent estimatierdséc and dose effects.
Additionally, because the ICRP model is based arteadigh dose, external exposure it cannot acelyrdetermine risks or
dose response for internal, chronic, isotopic expes For this reason, the ICRP and ECRR modelsateally exclusive.

This new ECRR report based on epidemiological stydioncludes that the health effects of low lexdiation exposure
have been underestimated by the ICRP model by 000-times. It also includes other health effects guradiation
exposure from global weapons fallout. In additiorcéncer it estimates the number of foetal deatfent mortality, and
predicts “a 10% loss of life quality integrated pedl diseases and conditions in those who weresegb over the period of
global weapons fallout”.

The committee concluded that underestimates ofaiigkdose effects for depleted uranium exposurkl cmivery great
since the effect at the cell level may be veryatght than other types of radiation exposurestliisireason the health
effects of depleted uranium exposure in Gulf Vateraill be investigated in depth by this committerl will be presented
in a new report.

Internal exposure to depleted uranium is a “noegfjosure to an altered form of natural isotopes. Sike, shape, surface
texture, density, chemical composition and othesspfal and chemical factors of the particles gseatfect the health

impact and damage to the cells of any biologicatesy from depleted uranium exposure. Particle siag be the most
overlooked and one of the most important charasttesi of depleted uranium dust formed on the Hatte After burning,
depleted uranium is altered both physically andwibelly and estimates of risk to health and do$ects cannot be based on
previous studies of naturally occurring uraniumtHe Research Report Summafietdepleted uranium studies done for the
military between 1974 and 1999, they clearly previrfformation and concerns in these studies alteubézards of depleted
uranium both to health, exposure on the battlefeld damage to the environment. This summary iswath reading as it
provides a timeline of the military politicizing dsions on the use of depleted uranium over 25sydar example, in a

1980 Army report”

This report provides an excellent history of thgiddbehind the Army’s decision to use DU as a
kinetic energy, armored-piercing munition. DU’sdirselection over tungsten was based on
several reasons, including the lower initial cddthe penetrator itself and its better overall
performance. DU and tungsten were rated even fadigibility”. Tungsten had the advantage
for safety, environmental concerns, and deployment.

RADIATION RESPECTS NO BORDERS

Depleted uranium is being used as an effective timmon the battlefield and as a radiological weapmdestroy the genetic
future of the Iraqi people15. Before the Gulf Waag was the most developed and advanced counthgiMiddle Easf.
Writing, religion, poetry, music and science begathe region which includes Iraq, the Cradle ofilCiation. The ability of
the Iragi people has been recognized for millefire Iragi people are more feared than Saddam Hubgdhe US. Their
talent for creativity, ability to be self-determiheand their natural resources have made thenatbettof the US
Government, US oil companies and the DepartmeBedénse.

In November of 1991, Richard Berta, the Westerni&e Inspector for the Department of Energy whewased at the
Lawrence Livermore Lab where | worked, told me: &Tlentagon exists for the oil companies...”

The use of depleted uranium by the Department ééi3e has created a slow Chernobyl in the Middk.Ea

With my best wishes and hopes that this radiatightmare will finally come to an end, and with tkaror your efforts to
move the issue into the light,

Leuren Moret

President, Scientists for Indigenous People

City of Berkeley Environmental Commissioner

Past President, Association for Women Geoscientists
2233 Grant Street Apt. 1

Berkeley, CA 94703
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Phone/FAX (510) 845-3139
<leurenmoret@yahoo.com
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ATTACHMENTS:

Attachment 1: “Forword” by Leuren Moret t®iscounted Casualties: The Human Cost of Depleted Uranium by
Akira Tashiro, Chugoku Shimbun (2001).

Attachment 2: Declassified memo to General L.R. Groves, Direofdhe Manhattan Project, October 30, 1943.
Source — US Army Major Doug Rokke

Attachment 3: TABLE: “Characteristics of Particles and PartiBlspersoids” from th&e{ANDBOOK OF CHEMISTRY

AND PHYSICS 53rd Edition. This chart provides the jmdetrange which is very wide for metallurgical tiiand
fumes, a range from 100 microns to 0.001 microfsXagstroms). Particles smaller than 0.1 micronsagggulate and
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form larger particles, but the greatest numberaputation of particles will be in the 0.1 micromge (see Chart “Natural
Aerosols”). This particle range is smaller thandol@ells, bacteria, pollens, spores and other &git contaminants. Very
fine particles are extremely hazardous to healtabse they are carried by the blood throughoubtitly. The rate of
radiation exposure from one very small particle bamore than is allowed for a whole body exposue year (see
photo “Hot particle in lung tissue”).

Attachment 4: CHART: “Penetration of a HEPA filter as a fungtiof particle size” from 18TH DOE

NUCLEAR AIRBORNE WASTE MANAGEMENT AND AIR CLEANINGCONFERENCE, Baltimore 1984.
Experimental penetration of particles through a WHiRer — determination that approximately 0.1%tie 0.1 micron
particle range will pass through the filter. If theare 100,000 particles 0.1 micron in diametercpdic centimeter of air,
then 120 per cubic centimeter of air will pass tiyio a HEPA filterln one day an average man will inhale 28 million
particles in the 0.1 micron range through a HEPA fiter.

Attachment 5: CHART: “Natural Aerosols” frorENCYCLOPEDIA OF SCIENCE & TECHNOLOGY 7th Edition
(1992), McGraw Hill.

This chart provides the average size distributamftural aerosols in atmospheric dusts. The sang@pulation or number
of particles in an aerosol dust is in the 0.1-Grvidron range. Depleted uranium particles in thig sange will be
incorporated in atmospheric dusts and will trawnelefinitely, transported by winds.

Attachment 6: PHOTO: “Hot” or radioactive particle in lung tigs’ photo by Del TrediciBurdens of Proofby Tim
Connor, Energy Research Foundation (1997). This is a photo of a “hot particle”, in this ess 1 micron particle of
plutonium, and shows the alpha tracks emitted fitwew particle in one year.

Attachment 7: Van Nostrand’s Scientific Encyclopediasth Edition (1976) Decay pathsriatural uranium —
Table 1 The Uranium Series, and Table 3 The Aatin@eries. The decay paths for uranium are very ot decay
through a number of steps before they become staidlere no longer radioactive. Each of these stehuces a
radioactive daughter product which will be moreioadtive than the original uranium atom.

To send us your comments, questions, and suggestion s click here
The home page of this website is  www.mindfully.org
Please see our Fair Use Notice
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SOME MORE IDEAS OF WHAT CAN GO WRONG WITH HEPA FILT ERS:

(FROM THE U.S DEPARTMENT OF ENERGY)
http://www.hss.energy.gov/csa/csp/hepa/lessons.cfm

. DEPARTMENT OF

HEPA Related Lessons Learned

Identifier:
Date:
Title:
Summary:

Identifier:
Date:
Title:
Summary:

Identifier:
Date:
Title:
Summary:

Identifier:
Date:
Title:
Summary:

Identifier:

2004-RL-HNF-0041
10/13/2004
Vital Safety System Filter Degradation

Contractors must institutionalize site-wide proesggrograms that guide facility management in
determining operability of safety class equipmerthsas HEPA filters.

Potential age-related degradation of two ventitafitiers at PFP resulted in an Unreviewed Safety
Question (USQ).

2004-LL-NUCL-0002
9/30/2004
Age Degradation of High Efficiency Particulate Aitters

Implementation of new information, such as theiterstrength testing results published in the
recent version of the DOE Nuclear Air Cleaning Hamak, can have a significant impact on the
validity of design and safety basis assumptiongr&ore, prompt communication and analysis of
new information, such as was performed by DOE adiIPis critical to promptly maintain the
safety basis of a nuclear facility such as the RPL.

2004-SR-WSRC-0039
9/14/2004
Effective Team Approach to Handling and RemovadUB£6 Line

During deactivation of the 247-F Facility at SR&nium hexafluoride (U process lines needed
to be removed. The project team evaluated the tazard devised a plan to eliminate or mitigate
each hazard; one process line was plugged withriabéed blanked over 10 years ago. Project
personnel employed a "team hazards analysis" apipnasing the Automated Hazards Analysis
(AHA) program. Team members from Industrial HygieBagineering, Radiological Controls, and
Project Management participated in briefings amidected mockup training. This team AHA
approach led to the successful removal of thg &ifel associated process lines.

2004-RL-HNF-0023
6/21/2004
HEPA Filter Bank Left in Service without Being Tedt

A HEPA filter bank at the Plutonium Finishing Plams found in service following installation of
new filters before the filter bank had been leaitad and declared operable by the Surveillance
Shift Manager (SSM). Imprecise and incomplete comication between the Person-in-Charge
(PIC) and the SSM did not allow the SSM to cleaglyognize that the filter dampers were open. A
Technical Safety Requirement (TSR) was violatedabse the SSM did not know existing plant
conditions.

2004-RL-HNF-0021




Date:
Title:
Summary:

Identifier:
Date:
Title:
Summary:

Identifier:
Date:
Title:
Summary:

Identifier:
Date:
Title:
Summary:

Identifier:
Date:
Title:
Summary:

Identifier:
Date:
Title:
Summary:

Identifier:
Date:
Title:
Summary:

5/28/2004
Fissile Material Stored in Unapproved Location

Transuranic (TRU) fissile waste material was storean airlock that was approved by criticality
safety but was not covered by the facility safedgib. Two separate people did not properly apply
the complex Unreviewed Safety Question (USQ) séngeand evaluation process. Plant personnel
did not recognize this vulnerability even after tpr@vious events related to storage in airlocks.

2004-SR-WSRC-0014
3/30/2004
Radiological Operations Support Center - Best Rract

At the Savannah River Site (SRS), the Radiologdyadrations Support Center (ROSC) has been
established to provide a centralized resource factjzal applications of the "as low as reasonable
achievable" approach to work as well as a cleaongk of information. The ROSC consists of
mutually supporting groups targeted at efforts aste minimization and pollution prevention,
radiological hazard reduction and safe, cost effeaperations.

In 2003, the ROSC earned an SRS Facility Evalué@ioerd (FEB) Noteworthy Practice
communicated during a FEB evaluation, indicatiret this is a particularly effective and efficient,
innovative method that has been developed and mgiéed to meet SRS business needs.

2003-RL-HNF-0004
2/21/2003
Incorrect Volume of Oil in Hot Cell Window Used 8afety Basis Calculations

An Unreviewed Safety Question (USQ) was declarddeaiVaste Encapsulation and Storage
Facility (WESF) because the hot cell shield windawatain more oil than is assumed in the WESF
Basis for Interim Operations (BIO). The incorreotaunt of oil was obtained from the fire hazard
analysis (FHA) but was not verified by the BIO aarthbefore using it in calculations of
combustible loading.

Y-2002-OR-BJCX10-1201
12/13/2002
Site Contamination Due to HEPA Filter Changeout

When performing HEPA filter changeouts, the hazardlysis should consider environmental
protection as well as worker protection. This igezsally important for old and deactivated
facilities.

2002-RL-HNF-0059
10/17/2002
Controlling One Hazard Introduced Another

Occasionally controls implemented to mitigate hdgadentified during pre-job planning can
introduce other unidentified hazards into the jblose additional hazards must be adequately
controlled to maintain a safe work environment.

2002-RL-HNF-0037
7/1/2002
Adequacy of HEPA Filter Testing

Adequacy of downstream aerosol mixing on many otePA filter systems has neither been
assured through system design nor validated thraagéptance testing. Therefore, incorporating
compensatory measures into selected test procec@ngde necessary to minimize potentially
overstating filter performance and to increase iclemice that in-place leak tests can reliably idgnti
adverse filter performance on less than ideal HElP#tem designs.

2002-RL-HNF-0027

5/30/2002

ALARA Good Work Practices

Many technigues are available for making radiolabwork safer and more efficient. This
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document contains brief descriptions of some ctdidérom past reports from the Hanford ALARA
Center. They are compiled here for introductioo ithte DOE Lessons Learned process.

2002-OH-WVNS-004
5/5/2002
Radioactive Contamination from the Main Plant Stack

Excess moisture on a systems high efficiency pdaie air (HEPA) filters may allow migration of
radioactive contamination through the filters. Erggired systems need to be in place, to ensure
moisture build-up is minimized. Any changes, evemporary, to the operational parameters must
be incorporated into operator round sheets usewbtator plant conditions. It is also important that
even temporary changes (not only physical charayesihcorporated into plant procedures. Further,
personnel needs to understand the interactionwf@mmental changes along with changes in
operational parameters during initial design anerlenodifications.

L-2002-OR-BJCX10-0301
3/5/2002
Pressurization of Drain Trap

Whenever performing a design or design change grvessel configuration, assure inadvertent
pressurization of the vessel is considered in dségth.

2002-OH-WVNS-003
2/28/2002
Flame Observed During HEPA Filter Aerosol (PAO) (vage Testing

To help ensure the safety of personnel and theggaeation of potentially dangerous equipment, it
is extremely important that manufacturer's operatiand maintenance instructions are strictly
adhered to. Manufacturers instructions may inclypgeiodic maintenance and testing of equipment,
training of personnel, equipment configuration, anaber operating parameters (ie. air pressure,
temperature, etc.). In addition, when manufactuneake administrative changes to the operation
and/or equipment modifications, site specific ofiereal procedure changes may be necessary.

2001-RL-HNF-0043
12/3/2001
HEPA DP Gauge Piping Not Fully Tested after Insti#in

Acceptance tests for installation of new equiprggratuld include full loop tests for instruments
with a potential for sensing line errors. Similare should be exercised following system
modifications or major repairs having a potentishffect sensing line configuration.

ALO-AO-BWXP-PANTEX-2001-0013
10/11/2001
Potential Safety Concern Due to HVAC Filter Chadggturbance of Beryllium Contamination

Regardless of our intentions, good communicatioasasential to understanding requirements and
properly accomplishing tasks.

2001-707/776/777PROJECT-01
10/5/2001
Odorous Full-Face Respirators

Always perform a complete pre-use inspection beflorening your respirator. If you smell an
irritating odor coming from the respirator, resié@long with the laundry date tag in the bag ihea
in, and turn it over to your Industrial Hygiene &bafety (IH&S) representative.

L-2001-OR-BWXTY12-0902

9/17/2001

Use of Portable Vacuum Cleaners Not Intended fardf#ous Materials

Portable vacuum cleaners may not be acceptableséom clean-up of hazardous materials.
2001-NV-NTSWSI-001
8/22/2001
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Title: Airborne Lead Detected in Indoor Firing Range

Summary: Security companies that operate indoor firing ra&ngest ensure the ventilation system is
operational during firearms training activities ahdt routine clean up of lead dust occurs.

Identifier: 2001-OH-WVNS-ARPR-006
Date: 8/20/2001
Title: Waste Characterization

Summary: Sampling activities, such as determining the nuna@vaste streams present, the number of
samples required and the containers required &owtiste materials for waste characterization
should be performed prior to the start of a ProjBetause these activities weren’t completed until
after the commencement of the dismantlement aietsyithe Acid Recover Pump Room (ARPR)
project was delayed, both in the packaging of thetermaterials which were being generated and
the sampling which was required to perform charaagon.

Identifier: 2001-OH-WVNS-ARPR-005
Date: 8/20/2001
Title: Electronic Dosimetry

Summary: Electronic dosimetry can save time that would otlige be spent attempting to read a direct reading
dosimeter while in a work area.

Identifier: 2001-OH-WVNS-ARPR-004
Date: 8/20/2001
Title: Dedicated Personnel/Multiple Entries allowed cdesisy on the Project

Summary: Keeping personnel consistent through the entiregnaevolution, can reduce the amount of pre-job
briefings having to be held and can make the cotigpl®f the operation much easier to

accomplish.
Identifier: 2001-OH-WVNS-ARPR-003
Date: 8/20/2001
Title: Placement encapsulate any remaining radioactivécpkate

Summary: Grouting the floor of the Acid Recovery Pump RoohRPR) provided a smooth surface, assisted
in encapsulating remaining radioactive particulaied Asbestos Containing Material (ACM) within
the work area.

Identifier: 2001-OH-WVNS-ARPR-002
Date: 8/20/2001
Title: Polymeric Barrier Seal (PBS) Encapsulant reducesettel of Asbestos Containing Material

Summary: Reduction of Asbestos Containing Material (ACM) aadioactive particulate can be achieved by
using an encapsulant in the area. This can eliminaacceptably high Derived Air Concentration
(DAC) levels within the area.

Identifier: 2001-OH-WVNS-ARPR-001
Date: 8/20/2001
Title: Roller System Utilized to Remove Waste

Summary: A roller system was utilized to remove waste fréma Acid Recovery Pump Room (ARPR) clean
out work area. This system enabled D&D Operatoradoe the containers with ease, as well as
contributing to the ALARA (As Low As Reasonably Aetiable) concept requiring D&D personnel
to spend minimum time in a radiation the area.

Identifier: 2001-RL-HNF-0030
Date: 8/16/2001
Title: HEPA Vacuums Draw Current above the Rating of Pdd@ds

Summary: Euroclean Model UZ948 HEPA vacuum cleaners drawetiirabove that for which the cords and
plugs are rated.

Identifier:  ANLW-2001-DI# 2000-0112
Date: 4/3/2001
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Solid-State Relay Failure Mode Considerations

A common failure mode for solid-state relays (S&horted or in the "ON" state. When used as
part of a heater control circuit, the consequendéeasich a failure and the resulting uncontrolled
temperature increase must be evaluated not oniggitlre design phase, but also during subsequent
modifications that affect the established desigieica.

2001-RPP-CHG-IB-01-05
3/22/2001
HEPA Filtered Exhausters Air Flow

Portable HEPA filtered exhausters used for vemitainay be capable of generating air flows
higher than the rated flow of the HEPA filters retexhausters.

2001-OH-WVNS-006
2/19/2001
Mask Protection Factor Exceeded During D & D Work

When planning work in areas with high concentratiohcontamination that can become airborne,
it is important to identify the levels of contamiima prior to work starting and to continuously
monitor personnel working in these conditions. Aygaalculate with a conservative safety factor
when determining the required PPE.

2001-RF-KH-0003
12/14/2000
Beryllium Contamination from Equipment Removal

Prior characterization of beryllium contaminatiesmiot sufficient to predict the generation of
airborne beryllium contamination when the work itweal may uncover or disturb hidden
contamination. Therefore respiratory protection nigsused if there is any question.

L-2000-OR-BJCY12-0802
8/24/2000
Work Planning and execution need close attentiafetail

Work planners need to be familiar with the exactfiguration of the work site. All people involved
in job planning and execution need to share theesamerstanding of work conditions,
requirements, and definitions. In this instancesunderstood details and incomplete
communications led to a confinced space entry timia

2000-CH-BNL-EP-001
7/25/2000
Multiple Work Permits Needed on Multi-Work Crew 3ob

Some work permit jobs require several service ghend or trades phased over a period of time. For
jobs like this, the original work permit should §git into multiple work permits to keep the
hazards, work controls, and pre-job briefing infation well organized by job phase or job crew.
The multiple work permits can utilize the origimabrk permit number with suffix letters (A, B, C,
etc.) attached for tracking purposes

OH-MD- LL00-170

7/6/2000

Respirator Failed During Operations

PPE should be carefully inspected prior to use.
2000-RL-HNF-0022
6/20/2000
USQ from Inability to Test HEPA Filtration Efficiey

Assumptions in Safety Analysis Reports (SAR) foglEfficiency Particulate Air (HEPA)
filtration efficiency during design basis accidest®uld be consistent with values actually
achievable during periodic testing.

2000-RL-HNF-0017

34



Date:
Title:
Summary:

Identifier:
Date:
Title:
Summary:

Identifier:
Date:
Title:
Summary:

Identifier:
Date:
Title:
Summary:

Identifier:
Date:
Title:
Summary:

Identifier:
Date:
Title:
Summary:

Identifier:
Date:
Title:

5/22/2000
Procurement, Handling, and Storage of EquipmentGordponents

Purchased equipment and components should be patlkstgred, and handled to the same level of
requirements imposed on suppliers to prevent danugerioration, or contamination of the items
before they installed.

2000-LA-LANL-ESH7-0004
3/28/2000
Recognizing What is Included in Your Work Scope

Because certain types of work such as researcderelopment, decontamination and
decommissioning, and work with legacy materialsenemtly involve unknown hazards, work
planners should consider establishing hold poimtsHese types of work activities to ensure that
workers periodically evaluate current conditionaiagt established hazard controls and work
authorization documents.

2000-LA-LANL-ESH7-0003

1/21/2000

Glovebox Maintenance and Control Issues

Glovebox gloves should be routinely inspected rdigas of location or frequency of use.

Procedures should address actions for unanticigateditions discovered during work or at startup.

Line and facility ownership of equipment shouldfbamally documented to prevent loss of
information through reorganizations or reassignisient

Y-1999-OR-BJCETTP-0702
7/14/1999
Respirator Protection Factor for Lead Exceeded

Change control processes should ensure that achagsessment is conducted any time the work
process changes.

Hazard controls should include personal proteaiyeipment that protects workers against the
highest potential air concentrations reasonablyetgd until air monitoring verifies that
engineering controls are adequate.

Indicators should be visible to workers so they dinvhen ventilation equipment malfunctions.
1999-OH-WVNS-011

5/10/1999

Potential Fire Hazard Associated with Polyalphanl@AQO)

Only one procedural barrier exists that prevenssitibe fire with personnel injury or equipment
damage when performing PAO testing with a NUCON etd¢8-1000-DG-F* Thermal Generator.
Site/facility operating procedures need to compityhwendor recommendations. A new hazard
analysis needs to be performed if a different a#riesused.

L-1998-OR-BJCETTP-0703
7/27/1998
Personnel Contamination Event at ORNL

The failure to periodically check high-efficiencgrticulate air (HEPA) filters for contamination,
when on the discharge of a diaphragm pump, cartieshe HEPA filter becoming saturated and
contamination exiting the barriers setup to contiaitt should also be noted that a diaphragm can
leak through and remain operational.

L-1998-OEWS-11
4/6/1998
Preliminary Notice of Violation (PNOV) at LLNL fdrailure to Protect Workers
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Failure to implement radiological protection regnirents and provide the quality controls necessary
to protect workers involved in High Efficiency Fadlate Air (HEPA) filter shredding operations or
to take timely and appropriate corrective actiomemdeficiencies are noted, can result in a Price
Anderson Amendments Act (PAAA) Preliminary Notideviolation (PNOV).

1998-EM-HQ-0001
1/14/1998
Nuclear Ventilation HEPA Filter Degradation

The fiberglass "paper" media that provides filwatin ventilation filters is subject to embrittlente
with age. This is of concern because many oldrfiltemain in service in DOE Nuclear facilities
where they provide an important filtration safaipétion under normal operating and accident
conditions.

Y-1997-OR-LMESCENT-0601
6/30/1997
Failure to Recognize Changed Conditions Leadsjtoyrand Contamination

Hazard analysis must be an ongoing process théinhces throughout the duration of a project.
Supervisors and workers must recognize changebiagope, work practices, methods, or
operating conditions. Such information must be camitated to safety and health personnel for re-
evaluation in order to determine whether new or ifiexti controls will be necessary. Work plans or
activity hazard analyses should contain provistongmporarily suspend work under such
conditions.

1996-DOE-DP-0001
10/31/1996
Radiation Exposure from Low-Energy Photons

Radiological controls inspector coverage is requf specific work activities where there is a

high potential for unanticipated exposure. In oreminimize exposure, the use of proper
protective equipment for both the inspector andeéhgerforming assigned tasks must be thoroughly
evaluated during job planning. Remember, inspecanspotentially become exposed to the same
radiation sources as those performing the assigiekl Also, when low-energy photon activity

from plutonium is present, electronic dosimetersife used, as this low-energy activity is not
within the sensitivity range of self-reading dosters (SRDs).

INEL #96251
6/22/1996
Re-Use of Chemical/Combination Respirator Cartridge

To safeguard the health and safety of respiratersyugacilities need to verify that service recdive
from respirator vendors is adequate and appropiiatelities need to verify that respirators issued
to workers are clean, in good repair, and tharidges/canisters supplied by the vendor provide
adequate protection in hazardous atmospheres.

Y-1996-OR-LMESCENT-0502
5/23/1996
Contamination Incident and Price-Anderson Amendséat Non-Compliance

Clear and timely Contractor-Subcontractor commuiocas vital to minimize the potential for
violations of work permits and radiological worletposures. Not only are safety and health
consequences at risk, but failure to properly comigate performance expectations could lead to
fines or other penalties to the company under PAingerson Amendments Act (PAAA) provisions.
Additionally, the work control agreements betweafety and health professionals familiar with
Contractor protocols and Subcontractor personmeéasential to safe and efficient work
performance.

L-1995-OR-LMESX10-1201

12/21/1995

Ventilation Filter Bypass Through Drain Line

Facility management should assess a facility's Hfjiciency Particulate Air (HEPA) ventilation
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system configuration against the testing method tsehallenge and measure that system's

performance.
Identifier: 1995-RL-WHC-0023
Date: 5/4/1995
Title: Unplanned Exposures to Lead (Pb)

Summary: Lead is one of several heavy metals that presharard to workers at DOE facilities. Frequent
exposure to levels above permissible limits canltés a body burden that can cause long term
health problems.

Jobs that have the potential for creating airbonagerials must be carefully analyzed to ensure
adequate respiratory protection is provided toabekers. In the case at Hanford the powder
actuated tool was evaluated purely for its phydiealards. No one had considered the fumes from
the ignition of the gunpowder as a potential sowfoexposure.

The other two cases resulted from inaccurate et the levels of dust that would be generated.

People of the bomb

By Hugh Gusterson

We have had the bomb on our minds since 1945.dtfisst our weaponry and then our diplomacy, and
now it's our economy. How can we suppose that duingeso monstrously powerful would not, after
forty years, compose our identity? -E. L. Doctorow

This book tells the story of how-like it or not,dw it or not-we have become "the people of the hdmb
Integrating fifteen years of field research at waaplaboratories across the United States with
discussion of popular movies, political speechesglimmcoverage of war, and the arcane literature of
defense intellectuals, Hugh Gusterson shows hownthry-industrial complex has built consent for
its programs and, in the process, taken the pufliclear."

People of the Bomb mixes empathic and vivid padraf individual weapons scientists with hard-
hitting scrutiny of defense intellectuals' inalyilto foresee the end of the cold war, governmegioric
on missile defense, official double standards abagtear proliferation, and pork barrel politicstire
nuclear weapons complex. Overall, the book asseq@btisturbing picture of the ways in which the
military-industrial complex has transformed our laeilobulture and personal psychology in the half
century since we entered the nuclear age.

Hugh Gusterson is associate professor of anthrggaad science studies at the Massachusetts bestitu
of Technology and professor of public policy at @eorgia Institute of Technology. He is the authior
Nuclear Rites: A Weapons Laboratory at the Endef@old War (1996) and coeditor of Cultures of
Insecurity: States, Communities, and the Produaifddanger (Minnesota, 1999). Lynne Cheney's
American Council of Trustees andAlumni named hire ohthe most dangerous intellectuals in the
United States today.

More details

People of the bomb: portraits of America's nuctEanplex
By Hugh Gusterson
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http://books.google.co.za/books?id=iHIRWOGI31MC&HEPA+filters+tnuclear&g=HEPA#search_an
chor

Page 210

Lab management promised that the incinerator, wivighld be fitted with high-efficiency particulate
air (HEPA) filters to trap escaping particles,

Page 215

At the hearings, Fulk expressed his doubts thatteA filters on the proposed incinerator would stop
plutonium particles from escaping into the

Page 302

... 43-44 high-efficiency particulate alHEPA) filters: nuclear waste disposal and, 210215-16
Hiroshima bombing:
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OTHER ITEMS ON HEPA FILTERS:

1. Depleted Uranium DENNIS KUCINICH / 2004 Campaign Phtform 15mar04

Gulf War soldiers in Mission-Oriented ProtectivesRoe (MOPP) suits, which harHEPAfilters. They do not in any way
protect them from ultrafine DU dust. ...
www.mindfully.org/Nucs/2004/Depleted-Uranium-Kuahil5mar04.htm - 12kCached Similar pages

2. The War May Entail Ecological Disaster in the World YELENA ...

will penetrate even aHEPA filter (High Efficiency Particulate Airfilter.. personnel are much less efficient th#BP A
filters. There are 1.
www.mindfully.org/Heritage/2003/Irag-Ecological-Rister22mar03.htm - 11kGached

3. A SURVEY OF MIXED-WASTE HEPA FILTERS IN THE DOE COM PLEX (separately submitted PDF as
ANNEXURE K)

F. S. Felicione, D. B. Barber, and K. P. Carney

Argonne National Laboratory-West

P. O. Box 2528

Idaho Falls, ID 83403

ABSTRACT

A brief investigation was made to determine thentgjtias of spent, mixed-waste HEPA filters
within the DOE Complex. The quantities of both thixed-waste filters that are currently being
generated, as well as the legacy mixed-wastedilteing stored and awaiting disposition were
evaluated. Seven DOE sites representing over 8¥%eafecent HEPA filter usage were
identified. These sites were then contacted torgete the number of these filters that were
likely destined to become mixed waste and to sutheyegacy-filter quantities. Inquiries into
the disposition plans for the filters were also mdtlwas determined that the seven sites
surveyed possess approximately 500 m3 of legacgdnixaste HEPA filters that will require
processing, with an annual generation rate of apprately 25 m3. No attempt was made to
extrapolate the results of this survey to the el©OE Complex. These results were simply
considered to be the lower bound of the totalityndfed-waste HEPA filters throughout the
Complex. The quantities determined encourage theldement of new treatment technologies
for these filters, and provide initial data on whin appropriate capacity for a treatment process
may be based.

WM =02 Conference, February 24-28, 2002, Tucson, AZ

TO DATE THERE HAS BEEN NO RESPONSE FROM THE NATIONA L
NUCLEAR REGULATOR (NNR) TO OUR REQUEST FOR
INFORMATION ON HEPA FILTERS

From: Pelindaba Working Group [mailto:pelindabanonukes@gmail.com]
Sent: 06 March 2009 12:56 PM
To: 'Thiagan Pather'; 'Orion Phillips'
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TO DATE THERE HAS BEEN NO RESPONSE FROM THE NUCLEAR
ENERGY CORPORATION OF SOUTH AFRICA (NECSA) TO OUR
REQUEST FOR INFORMATION ON HEPA FILTERS
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