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Abstract 

An alternative to the current filter test syste. (0107) used to test Size 4 (500 cubic feet per ain rated flow) and larger nuclear grade high efficiency particulate air (BEPA) filters at DOE Pilter Test Facilities (PTPs) has been developed. This new test system, called the Bigh Plow Alternative Pilter Test Systea (SPATS), has undergone a long-tera operational evaluation at the O&k Ridge FTP (ORPTP) for: 1) coaparison between BEPA filter penetration aeasurements aade with the SPATS and with the 0107J 2) assessment of the SPATS' long-tera routine operational perforaance in the FTP environmentJ and 3) deteraination of the potential operational impacts of the SPATS on the PTPs. 

Data for the operational evaluation were collected by the Oak Ridge staff using both test systeas. These data were analyzed and interpreted by Los Alaaos staff. A total of 849 filters were tested in the evaluation. The data provided by the SPATS easily permits filter penetration to be reported in teras of: 1) penetration at the size of aaxiaua penetration= 2) nuaber, surface area, or aass penetration= or 3) penetration at 0.3 ~ for reference to historical data. Results of the penetration aeaaure .. nt coaparisons show that the SPATS aeaaureaenta at approxiaately 0.3 ~ aerosol dia.eter do not differ significantly froa the 0107 aeasureaents. Analysis of the SPATS penetration data indicates that for the 100' flow tests maximum penetration aoat frequently occurs at an aerosol diaaeter of approxiaately 0.15 pa as aeasured by a laser aerosol spectrometer (LAS). The 0.15 ~SPATS aeasureaents at 100' test flow were markedly higher than the corresponding 0107 aeasureaents. These measureaents resulted in over 18' of the filters being rejected by the SPATS only, compared to no filters being rejected only by the 0107 and approxi .. tely 0.2, being rejected by both systeas. 

* Work performed at Los Alaaos National Laboratory under the auspices of the o. s. Department of Energy, Interia Waste Operations, 
Contract No. W-7405-ENG-36. 
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Investigation of how the &PATS performed over the course of the study included monitoring of the &FATS diluter performance, the LAS size calibration, and the upstream count rate. The upstrPam count 
rate is a sensitive indicator of changes in the output of the blower and the &PATS aerosol generator as well as in the performance of the BPATS diluter and the LAS. Analysis of the monitoring results 
indicates that the &PATS performed at or above acceptable performance limits. 

Review of information collected on the operational impact the BFATS had on the FTF indicates that: 1) there is no difference in the number of filters tested in a day by the two systems: 2) the &PATS presents certain operational safety advantages over the 0107: 3) the BPATS is easier to operate than the 0107: and 4) the BPATS may require less ·aaintenance than the 0107. 

The overall conclusion of the operational evaluation is that the BFATS is capable of performing well in the FTF environment and that the BFATS offers some i8p0rtant operational advantages relative to the 0107. Given the results of this study and a technical evaluation of the &PATS reported elsewhere the authors reca.aend that the DOE consider adoption of the BFATS as an approved filter test aethod. 

I • IHTRODOC'l'ION 

Fro. PY 1981 and continuing through PY 1985, the Airborne Waste Management Prograa Office funded the •Filte~ Test Facility Support Laboratory,• (FTFSL) project at Los Ala.os to: 1) develop an aerosol test system suitable for use at the th~ee Filter Test Facilities (FTFs) as a potential replacement for the current di(2-ethylhexyl) phthalate (DEBP, also known as DOP) test systea (Ql07) used to test size 4 and greater nuclear grade high efficiency particulate air (BEPA) filters and 2) provide technical assistance to the PTFs in solving technical probleaa and ans~ering technical questions which 
arose. Coapletion of the PTFSL project provided reca.aendations for changes in the test systa.s used at the PTPs. One .. jor 
reca.aendation of the PTPSL prograa was to perfora a long-term 
operational evaluation of the high flow alternative filter test 
systa. (SPATS) which was developed in the prograa. 

In late PY 1985 such a long-ter• study funded by DOE-Interim waste Operations (IWO) vas initiated at the oak Ridge PTP (ORFTF) as a cooperative effort between the ORFTP and Los Alamos. The overall objective of tbe long-tera study was to provide data necessary to 
qualify the SPATS as a DOE approved test aethod under the provisions of the Nuclear Standard RB-F-3-43, which require evidence that new test systee. are capable of being •operated and aaintained• by FTF operators.(~) In order to accoaplish this overall objective 
certain subordinate objectives were identified. These subordinate 
objectives include: 

1. Ca.parison of BEPA filter penetration aeasureaents made 
with the SPATS and the Ql07 including assessaent of the 
potential i~cts the SPATS aeasureaents .. Y have on the 
FTF filter rejection rates. 
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2. Assessment of the BFATS's long-term, routine performance 
in the PTF environment. 

3. Determination of the potential impacts of the BFATS on 
the PTF's operation. 

The data collection phase of the study began August 15, 1985, 
and was completed by the end of May 8, 1986. This report presents 
the results of the study. 

Description of Alternative Test System 

The BFATS, which is shown diagrammatically in Figure 1,· uses a 
modified La~kin nozzle aerosol generator to provide the filter 
challenge.( ) This aerosol generation system is easier to operate 
than the 0107 thermal generator, operates well below the flash point 
of DEBP, and is expected to produce no decomposition materials. This 
unit is also less expensive to aanufacture than the thermal 
generator. 

A laser aerosol spectrometer (LAS, Model LAS-X-M, Particle 
Measuring Systems, Inc., Boulder, Colorado) interfaced with a 
microcoaputer (Model BP-858, Bewlett-Pac.kard Co., Corvallis, Oregon) 
and a Los Alamos fabricated aerosol diluter are used to perform the 
required aerosol aeaaureaenta in the &PATS. This .anitoring system 
coabines the function of the Owl and the scattered-light photometer 
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Figure 1. A dia9raa of the Bigh Plow Alternative Filter Teat 
Syat•. 
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in the 0107 system. The monitoring system is capable of measuring penetration at a specific size or over a range of sizes in the aerosol diameter range from"-0.1 )lDl to"-0.4 Jllll•2 

I I. EQUIPMENT AND PROCEDURES 

The operational evaluation was a long-term evaluation of the BFATS under routine operating conditions at a DOE PTF. The general study plan called for collection of penetration data at the ORFTF on a set of filters using both the BFATS and the 0107. Simultaneously, data detailing the performance and impacts of the BFATS were collected. The term of the data collection was approximately 9 months. 

The BFATS was modified and installed at the ORFTF by Los Alamos staff prior to the start of the data collection. Modification of the SPATS was necessary to assure easy operation of the system when it was adapted to the ORFTP 0107. The major aodification was to mount the BPATS aerosol sample transport valves, the BFATS diluter, the LAS and the BP-85 microcomputer so that they were within arm's reach of the Ol07's work station. The &PATS aerosol generator system was installed between the 0107 blower and the 0107 thermal generator. Installation of the SPATS also involved perforaing a series of tests to insure proper operation. Installation and perfor.ance testing required approximately 4 working days. 

The operational evaluation data collection entailed aaking -filter penetration measurements using both the 0107 system and the BPATS, collection of data on BPATS performance, and collection of data on the impact of the SPATS on the FTP operation. The procedures for conducting the study at the PT~ Jere .odeled after those used in the One-Year LAS Comparison Study. ' Los Alamos staff trained the PTP staff in the operation of the SPATS and the procedures to be used in collecting and recording data. The training required approximately 3 working days. All data collection and recording was performed by ORPTP staff. 

The penetration data collected in the study provided information on penetration .. asureaents aade using the SPATS relative to those made using the 0107 under existing standard operating procedures. Penetration aeasureaents on a group of filters were aade first with the &PATS and then with the 0107 system. This aeasureaent order insured final integrity of the PTP quality assurance (OA) •easure•ents by precluding any out-of-the-ordinary handling of the filters subsequent to OA testing. 

The SPATS penetration .. asurements were .ade in 15 size intervals (bins) over the aerosol diaaeter range fro. "-0.1 pm to "-0.4 ~ witR the LAS size aeasureaent corrected for DIBP index of refraction. These penetration values were aut~tically stored on cassette tape by the BP-85. The BPATS-aeasured penetration at the 0.31 ua diaaeter LAS bin was printed separately by the BP-85 and recorded manually by the system operator because 0.3 ~ diaaeter is the traditional reference size for 0107 aeaaurements. The 
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penetration data stortu on cassette tape permitted~ezamination of penetration versus aerosol size. 

A total of 849 filters were tested using both systems during the operational evaluation. A list of the sizes of filters tested is given in Table I. The •A• designation after a filter size indicates that filters in this category were tested at a flow above their rated-flow. Size "4A• filters were size •4• filters (.500 cubic feet per min [CPM] rated-flow) tb3t were tested at 600 CFM. Size "SA" filters were size •s• filters (1000 CPM rated-flow) that were tested at between 1170 CPM and 1400 CPM. Over BS' of the filters tested were size 5 filters. 

In addition to penetration measurements, values of certain operational parameters for both test systems were recorded. The test system operator was required to aanually record the filter serial number, the test airflow, and filter airflow resistance for the SPATS penetration aeasureaents. The upstreaa particle count rate was autoaatically recorded by the BP-85 aicroca.puter for every filter test. This paraaeter is sensitive to changes in the output of the blower and the SPATS aerosol generator as well as to changes in the performance of the SPATS diluter and LAS. In addition, this paraaeter is printed by the BP-85 at the beginning of each filter test as an indication to the systea operator as to how the SPATS is perforaing. At the beginning, of each filter test session the aerosol size calibration of the LAS vas checked using aonodisperse polystyrene microspheres. These data were auta.atically recorded by the BP-BS microcomputer. Inforaation fro. the 0107 test system ~ measurements that were required for the study vas obtained from the PTP •rilter Inspection Reports.• 

The PTP staff kept track of the SPATS iapacts/costs in terms of manpower, supplies, parts, operational difficulties, and maintenance/repair service. They noted any 0107 equip.ent or 

TABLE I 

FILTER SIZES TESTED 

NUMBER RATED PLOW 100' TEST PLOW SIZE TESTED -CPM -CPM 

4A* 21 500 600 

5 737 1000 1000 

SA* 39 1000 1170-1400 

6 52 1250 1250 

* The •A• indicates that filters were tested at flows greater than their rated-flows. 
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operating procedure changes or problems. The total time required to 
analyze a group of filters by each penetration measurement technique 
was recorded by the PTF staff. 

Data recorded by the FTF staff were entered on a standard 
logsheet that was provided by Los Alamos. An example of this 
logsheet is shown in Figure 2. Data in the form of BP-85 data tapes 
and copi~s of logsheets were forwarded to Los Alamos on roughly a 
monthly basis. Los Alamos reviewed these data to insure that useful 
data were being collected. 

LOG PAGE 
COMPARISON STUDY OF THE ALTERNATIVE FILTER TEST SYSTEM 

Conducted at OR FTF - FY1985/FY1986 

DATE(S): _________ SYSTEM USED: _______ _ 

PURCHASE ORDER NO.==~-----­
NUMBER OF FILTERS TESTED: 

Item No. thru Item No. -----
Total number tested: 

TIME - Number of man-hours for executing: 
Normal routines and procedures ------­
Non-rout 1 ne procedures --:-----:.---:----­

COST - (Dollar value of requisitions signed 

REMARKS 

on above date): 

USE AS MUCH SPACE AS NECESSARY 
(eg. equipment breakdown, problems with operation of 
the ATS or Q 107, or other occurrences that could 
affect the data being collected) 

Operator•s Initials: 

CONTACT: Ron Scripsick, Aerosol Science Section 
Los Alamos National Laboratory 
Los Alamos, NM 87544 (505) 667-7382 

FTS 843-7382 

Figure 2. Exaaple of standard logsheet used in the operational 
evaluation. 
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... .!I. RESULTS AND DISCUSSION"'~"' 

COMPARISON OF PENETRATION MEASUREMENTS 

BFATS Penetration Measurements 

Typical SPATS penetration curves are illustrated in Figure 3. 
The 100\ flow tests were characterized by a penetration mazimum 
occurring at an aerosol diameter <0.2 ~ which is in agreement with 
theoretical evaluations of modern nuclear grade BEPA filter media, 
ezperimental measurements made on flat sheets of nuclear grade BEPA 
filter media and ezperimental measurements made on construgt,d

8 nuclear grade BEPA filters operated at 100\ of rated flow. ' ' 
The 20\ flow tests did not display a mazimum penetration within the 
aerosol size range studied (see Figure 3) which is contrary tg 
theoretical predictions and measurements on flat sheet media. ,7 
Review of the literature revealed no independent penetration 
measurements of constructed nuclear grade BEPA filters operated at 
20\ of rated flow. Evaluation of the perforaance of the SPATS 
components gave no evidence that this characteristic aight be an 
artifact of SPATS aeasurements. One possible explanation for this 
phena.en9n is the presence of pinholes in the constructed 
filters. Purther investigation is necessary to ezplain this 
penetration behavior of BEPA filters operated at 20\ flow. 

Penetration Comparison with the 0.31 pa SPATS Data 

Recent theoretical investigations that account for the 0107 
challenge being polydisperse with a count gea.etric aean diameter 
between 0.14 pa to 0.18 ~ suggest because of the photometer response 
bias towards larger particles that th• 0107 penetration aeasurements -c 
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Figure 3. 
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An ezample of the typical SPATS penetration curves 
obtained in the study. The 100\ flow test data are 
indicated by the open circle data points and the 20\ flow 
test data are represented by the closed circle data 
points. 
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are approximately equ;l to the penetration at 0.3 ~.3,4 ' 8 
Because of this finding and the fact that the 0107 measurements have 
traditionally been referenced to 0.3 pm, the BFATS penetration 
measurements at the 0.31 pm bin diameter were compared wit~ the 0107 
measurements. This LAS bin was found to be approximately equal to 
0.3 ~ diameter as measured by the electrosta2ic classifier (Model 
3071, TSI Incorporated, St. Paul, Minnesota). 

The results of the 0.31 um comparison for the 100\ flow tests 
are shown in Figure 4 and for the 20\ tests are shown in Figure 5. 
The results are similar for both flow tests. Also, no obvious 
difference was observed for the different sizes of filters. Average 
differences in penetration are listed in Table II. For both test 
flows the magnitude of the differences is ~0.002\. 

The number of filter tests where penetration measurements were 
above the penetration rejection limit of 0.03\ (which to two 
significant digits is 0.035\) are.listed in Table III. A total of 
seven filter tests resulted in both systeas aeasuring penetrations 
above the rejection limit. The BPATS .aasured penetrations above the 
rejection limit in three situations where the 0107 aeasured 
penetrations were below the limit. In only one situation did the 
0107 aeasure a penetration above the rejection liait where the BFATS 
aeasured penetration was below the liait. 

Figure 4. 
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INTRODUCTION 

The United States Department of Energy (USDOE) uses nuclear grade 
high efficiency particulate air (HEPA) filters in critical air 
handling systems for protection of public and worker health and the 
environment. The filters are used to decontaminate ventilation 
airstreams of hazardous particulate radionuclides and other hazardous 
particulate materials. The performance of these filters is directly 
related to the quality of the air that is introduced in the workplace 
or released to the environment. The lowest allowable airborne 
concentrations (AACs) of these hazardous materials can be on the order 
of l0-13 j/m3 for workplace releases and on the order of 

· 10-14 g/lfto for environmental releases [1,2). The highest 
filter challenge concentrations of these materials can be in the range 
from 100 mg/m3 to 10 g/m3 during severe upset 
conditions [1,3]. Consequently, the air cleaning systems must have a 
design capacity capable of deconta~inating airstreams by as much as a 
factor of 1012 to 1015

• To achieve these capacities system 
designers often use HEPA filter banks in tandem. For example, to 
obtain a decontamination factor on the order of 1014 requires four 
tandem banks of HEPA filters with each bank having a collection 
efficiency ~99.97 per cent. 

To assure that filters placed in air cleaning systems meet design 
specifications, every nuclear grade HEPA filter purchased for use in 
USDOE facilities must pass a quality assurance (QA) test at a USDOE 
Filter Test Facility (FTF) before it is forwarded to the purchaser. 
This QA testing includes filter efficiency measurements made at rated 
flow and also at 20 per cent of rated flow for filters with rated flow 
of 125 cubic feet per min (CFM, -3.5 m3 /min) and higher. The 
current test specifications call for measurement of filter efficiency 
at 0.3 ~·using a thermally generated di-(2-ethylhexyl) phthalate 
(DEHP) or di-(2-ethylhexyl) sebacate (DEHS) aerosol, an Owl polarized 
light aerosol size analyzer and a scattered-light photometer (SLP). 
New standard1 for USDOE filter testing are in the final stages of 
being adopted [4-7]. Specifications of the filter efficiency test 
proposed for these standards are discussed in this report. In 
addition a new filter efficiency test system is described that was 
developed for the USDOE by Los Alamos National Laboratory. 

PROPOSED FILTER EFFICIENCY TEST SPECIFICATIONS 

Aerosol Size 

The major change proposed in the new filter efficiency test 
specifications is to require penetration measurements to be made at a 



particle ;"ii:e in the diameter range from~· l-Im to 0.2 lJm rather 
than at a particle diameter of 0.3 lolm which is currently 
required [5]. Examination of the predicted rated flow performance of 
HEPA filters available when the currently designated test systems were 
developed indicates that the size of maximum penetration was near 
0.3 l-Im, which corresponds to the particle size at which the current 
systems were designed to operate [8]. This result suggests that the 
designers of the current systems intended to measure penetration near 
the aerosol siz~ of maximum penetration. The merit of such a test of 
filter performance is that the measurement result is a conservative or 
worst case estimate of filter performance in terms of challenge 
aerosol size. For a given air flow, no challenge aerosol consisting 
of particles similar in shape to and of the same or greater density 
(p, specific gravity) as the test aerosol particles should have a 
greater penetration than the test penetration. This conclusion 
follows directly from theoretical and experimental evidence that shows 
HEPA filter penetration as a unimodal function with respect to aerosol 
size [8-13]. 

Theor~~ical evaluation of the performance of the current 
generation of nuclear grade HEPA filters operating at flows between 
rated flow and 20 per cent rated flow predicts the maximum penetration 
aerosol diameter to be in the range from -o.l ~m to 
-o.2 ~m [8]. This predicted shift from a maximum penetration 
diameter of -o.3 ~m is predominately a result of the median fiber 
diameter used in the media being reduced from 1 - 2 ~m to median 
diameters in the range from 0.3 ~·to 0.5 ~· [8]. Experimental 
measurements of the maximum penetration diameter at rated flow for the 
media used in modern HEPA filters and the HEPA filters themselves show 
the diameter to be in the range from -o.l3 ~m to 
-o.17 ~m [11,13, and 14]. Variations in the size of maximum 
penetration arising from differences in the fiber composition and 
fiber volume fraction of HEPA filter media, as well as other factors, 
make specification of a precise size of maximum penetration 
impossible. In terms of the USDOE test, the predicted maximum 
penetration aerosol diameter at rated flow is different than the 
diameter at 20 per cent rated flow. Therefore, a maximum penetration 
test should specify measurement of penetration at a particle size 
within a range of particle sizes. The theoretical and experimental 
evidence cited above indicates that this diameter range should be 
0.1 ~m to 0.2 ~m for the current generation of nuclear grade HEPA 
fi-lters. 

Penetration Rejection Criterion 

The penetration rejection criterion of the proposed new filter 
efficiency test specifications is 0.03 per cent penetration at a 
particle size in the diameter range from 0.1 ~m to 0.2 lolm. This 
criterion is in general more stringent for intact filters than the 
currently designated penetration rejection criteria because 
measurements made with the current system are approximately equivalent 
to the penetration near 0.3 ~m which is distinctly below the . 
penetration at the size of maximum penetration. However, penetrat1on 
measurements on filters with pinholes or other defects can be 



independent of aerosol size (see the "Damaged Filter Tests" section) 
with penetration at a diameter of 0.3 ~m being approximately equal 
to the penetration at a particle size in the diameter range from 
0.1 pm to 0.2 ~m. In this case the current and proposed criterion 
are equally stringent. Therefore, the 0.03 per cent penetration limit 
is necessary to guarantee that in all cases the proposed criterion is 
at least as stringent as the current criterion. 

Examination of the penetration of over 800 nuclear grade HEPA 
filters at specific aerosol diameters over the range from -o.1 pm 
to -D.4 ~m shows that all but a small fraction of the filters 
could meet the above criterion [14]. However, the examination also 
showed that the fraction of filters failing to meet the proposed 
criterion was larger than the fraction of filters failing to meet the 
current penetration rejection criterion [14] . 

.. Test Material Density 

The new filter test specifies that penetration measurements are to 
be made with an aerosol material with a density near 
p • 1 g/cm1

• A theoretical study by Tillery shows the magnitude 
of maximum HEPA penetration decreasing as the p of the challenge 
aerosol material increases [9]. Experimental support for this finding 
was observed by Tillery in a study where the maximum HEPA filter 
penetration of plutonium dioxide aerosol particles 
(p • -10 g/cm3

) was observed to be significantly lower than 
the penetration measured using the current approved OEHP/OEHS 
(p • 0.983/0.915 g/cm3

) test method [15,16]. These findings 
indicate that, for a given aerosol size, test measurements made with a 
material of low p relative to the p of materials encountered in 
the field provide a worst case estimate of filter penetration. For 
the USDOE, much of the particulate airborne contaminants of concern 
are composed of actinide compounds which rarely, if ever, have 
densities less than 1 g/cm1

• The actinide compounds also include 
materials with AACs that are among the lowest of all AACs, so that 
conservative filter efficiency estimates may be necessary to insure 
that exhaust air is sufficiently decontaminated [1,2]. Certain 
particulate materials found in USDOE facilities, like lithium 
compounds, may have densities less than 1 g/cm'. In general, 
these materials have higher AACs than the actinides so that 
conservative estimates of filter efficiency may not be as critical as 
they are for filters used in actinide air cleaning systems [1,2). 

NEW FILTER EFFICIENCY TEST SYSTEM 

The method for QA penetration testing of size 5 HEPA filters 
(rated flow of 1000 CFM [-28m3 /min]) at USDOE FTFs comes 
largely from military standard HIL-STD-282 (17]. Since the adoption 
of MIL-STD-282, there have been many advances in aerosol techn~logy 
which have potential for beneficial application to QA penetrat1on. 
testing in the areas of reproducibility, accuracy, ease of operat1on, 



and development of more detailed and meaningful filter performance 
data. 

An investigation of alternative filter penetration test methods 
was undertaken at Los Alamos National Laboratory starting in 1982 with 
funding from the USOOE Airborne Waste Management Project Office. 
Commercially available aerosol instrumentation and technology was 
reviewed with regard to needs identified in the current high flow 
(500 CFM [-14m3 /min] and greater rated flow) test system (Q107 
test system). Consideration was given to developing a test system 
that would meet the current test specification and at the same time be 
capable of measuring penetration at the size of maximum penetration 
which is required in the proposed new test specifications. Once the 
most promising alternative test system components were selected, a 
laboratory evaluation of the components was carried out to determine 
the best match to meeting the identified needs of the Q107. From this 
evaluation, a set of components comprising the High Flow Alternative 
Filter Test System (HFATS) were selected. Laboratory-scale and 

·· full-scale systems were evaluated and refined at Los Alamos. In late 
1984 and early 1985, full-scale proof-testing and a public 
demonstration of the prototype system were conducted at the Oak Ridge 
Filter Test Facility (ORFTF), Oak Ridge Gaseous Diffusion Plant at Oak 
Ridge, Tennessee. A summary report on the development of the HFATS 
was published in 1985 [18]. A final report is in preparation [19]. 
An operational evaluation of the HFATS was initiated in late 1985 at 
the ORFTF. Data collection for this evaluation was completed in early 
1986. A report on the results of the operational evaluation is to be 
published in the proceedings of the 19th DOE/NRC Nuclear Air Cleaning 
Conference to be held August 17-21, 1986, in Seattle, Washington [14). 

HFATS Description 

The HFATS takes advantage of commercially available aerosol 
technology. The system, which is shown diagrannatically in Fig. 1, 
uses a modified Laskin nozzle aerosol generator/aerosol neutralizer 
system to provide the filter challenge (19,20]. The neutralizer is 
used to standardize electrical charge on the aerosol challenge. The 
challenge has a measured geometric mean diameter of -o.2 ~m and a 
geometric standard deviation of -1.6 [19]. The aerosol 

3 co~centration produced by the system in an -28 m /min flow test 
stream has been measured to be -s mg/m3 which is approximately 
one-tenth the concentration produced by the currently used thermal 
generation system (19]. Operation of the generation system over a 
period of months under actual test conditions indicates that the lower 
challenge concentration may significantly reduce potential operator 
exposure to test aerosol materials [14]. In addition, the new 
generation system is easier to operate than the current thermal 
generator, operates well below the flash point of DEHP, and is 
expected to produce no decomposition materials. 

A laser aerosol spectrometer (LAS, Model LAS-X, Particle Measuring 
Systems, Inc., Boulder, Colorado) interfaced with a microcomputer 
(Model HP-858, Hewlett-Packard Co., Corvallis, Oregon) and an aerosol 
diluter has shown the greatest potential for fulfilling the aerosol 
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A schematic d1agra~ of the HFATS showing the major 
components of the system which includes the aerosol 
generator. the aerosol neutralizers. the HFATS aerosol 
diluter, the laser aerosol spectrometer. and the HP-85 
computer. 



monitoring needs of the HFATS [18,19]. Laboratory evaluation 
indicated that the LAS can accurately measure aerosol diameter size 
from -0.12 ~m diameter to over 0.4 ~m and can accurately measure 
aerosol size distributions with concentrations up to 
-3 x 10 3 particles/cm3

• Because filter challenge 
concentrations over 105 particles/cm3 are required for filter 
testing it was necessary to use a diluter in conjunction with the 
LAS. The LAS/microcomputer/diluter aerosol monitoring system combines 
the function of the OWl and SLP. It is capable of measuring 
penetration at a specific aerosol size or over a range of sizes. 

All evaluations of the alternative test system conducted thus far 
have been performed using DEHP. The system was designed so that 
operation with a variety of test materials is possible. During the 
course of the investigation, alternatives to DEHP have been identified 
in terms of certain toxicological and physical criteria [18,19]. 
Enough information has been obtained so that alternatives to DEHP 
could be put into use at the FTFs with limited testing should USDOE 

·decide to"eli~inate the use of DEHP. 

HFATS Performance 

Damaged Filter Tests: A series of damaged filter tests were 
performed to evaluate the response and sensitivity of the HFATS to 
filters with 2 mm holes. After one hole was placed at the edge of the 
filter, penetration measurements were made in four different positions 
on the test chuck, each time rotating the filter in the plane of the 
chuck b¥ 90°. At airflow rates of-28m3 /min and 200 CFM 
(-5.7 m /min) a significant difference in the measured 
penetration was observed relative to the intact filter but no 
significant difference was observed in the penetration measurements 
made in the four positions. These results indicate that the 
penetration measurements using the alternative test system were not 
sensitive to the position of leaks. 

A series of penetration measureMents were also made at both 
airflow rates on the filter with 0, 1, 3, 5, and 9 2-rnm holes. The 
penetration values were calculated by dividing the aerosol 
concentration at a specific size measured downstream of the filter by 
the upsteam concentration measured at the same aerosol size. Figure 2 
shows, as expected, that for both filter flow rates, penetration 
increased with increased damage to the filters. For every level of 
damage, penetration measurements were greater for the lower airflow 
rate than for the. high airflow rate. This finding agrees with filter 
•pinhole leak• theory which states that the fraction of flow passing 
though holes in a filter increases as total flow through the filter 
decreases over the regime where flow through the holes remains 
turbulent [21]. For the tests on the intact filter, this trend was 
reversed with the 5.7 m3 /min test showing a lower penetration 
relative to the-28m3 /min test. 

Penetration dependence on aerosol size is evident for the intact 
filter operating at-28m3 /min (Figure 2) with maximum 
penetration at an aerosol diameter of -o.15 ~m. and penetration 
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for 0.3 ~~diameter particles app~oximately half the maximum. For 
damaged fllters operated at -28 m /min, the 11 Shape 11 of the 
penetration curve flattens as damage to the filter progresses, with 
penetration virtually independent of aerosol size for the measurements 
of the filter with five and nine holes. Independence of penetration 
as a function of aerosol size is a result of the increased fraction of 
the downstream aerosol that is associated with leaks. In contrast, 
intact filter penetration, as shown in Figure 2, is a function of 
aerosol size, which is a result of different upstream and downstream 
aerosol size distributions. As the aerosol penetrating through the 
holes dominates the aerosol penetrating the filter, any dependency of 
penetration on size is eliminated. 

Results of this series of studies on damaged filters demonstrates 
that the HFATS can be used to measure penetration of size 5 filters 
operated at airflows of-28m3 /min and -5.7 m3 /min and is 
sensitive to leaks in these filters. 

Intact Filter Tests: Because the HFATS is capable of measuring 
penetration_as a function of size in the aerosol diameter range of 
-o.1 ~m to -o.4 ~m. the measurements made with the HFATS 
provide information on the performance of the HEPA filters purchased 
by DOE and DOE contractors that the Q107 system is not capable of 
providing. Some typical penetration measurement results on individual 
filters are shown in Figures 3, 4, and 5. The measurements were made 
on size 5 filters operating at -28 m1 /min and -5.7 m1 /min. 

The data presented in Figures 3, 4, and 5 are typical of the 
penetration measurement results routinely observed for the filters 
tested in HFATS operational evaluation where over 800 nuclear grade 
HEPA filters were tested [14]. For the full rated flow, maximum 
penetration is normally observed in the vicinity of 0.15 ~m diameter 
which agrees with theoretical and experimental evaluations of nuclear 
grade HEPA filter media and constructed filters [8,11, and 13]. For 
20 per cent of rated flow, penetration is observed to be largely 

-independent of aerosol size. 

This latter observation does not agree with the theoretical and 
experimental findings for nuclear grade HEPA filter media [10,12]. 
The fact that the penetration is independent of aerosol size for 
constructed filters at 20 per cent of rated flow suggests the 
PO\Sibility that penetration through filter defects created during 
construction is dominating the overall filter penetration. From 
pinhole leak theory, if indeed the defect penetration is dominating 
overall penetration, this dominance would become more pronounced as 
flow is decreased (21]. Some limited testing of size 5 filters at 
80 CFM (-2.25 m1 /min) was performed by the OR FTF staff to 
evaluate this hypothesis. These data showed a marginally higher 
penetration at the lower flow relative to the penetration at 
-5.7 m1 /min which supports the defect penetration hypothesis. 
Additional low flow studies conducted by Los Alamos staff in early 
February 1986 indicate that the higher penetration measurements 
associated with the -2.25 m3 /min flows may be the result of 
background aerosols and not filter penetration. Additional studies 
will be required to make definitive conclusions. 



r
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
~
 

..,., 
1.. 

• 
~
 

... -
"0

 
._,__ 0 

I 
a 

I 
• 

11'1 
•J'I 

~
 

.... 
== 

..,., e 
......... 

' 
C

:t'l 

I 
I 

I 
a 

e 
o a 
..,., _ 

:t. 
_. 
-1

1
'1

 
::I 

I 
1

1
1

"0
 

~
 

c: 
... 

1.. 
., 

Q
) 

... _ 
c: 

Ill 

.a
 

St 
~
 

Q
) 

=-~ u 
e 

1.. 
1.. 

:
:
I
·
-

Ill 
u 

CIS 
., ~
 

c: 
. .,. 

e 
~
 

e 
I e I 

Q
 

:::1. 
c: 

Q
 

o
-

..... 
-

== 
I e11e t 

0 
~
·
-

... e 
rll 

... , 
~t'l 

0 
c: e 

.. 
~
 

=-= 
~
 

""' 
v-, 

-... <., .... :
C

'
 

c
::-

..... 
·
~
 

1.1' 

~
-

~
 

•••• 
~
,
.
~
,
_
 

·
-
~
 

u 
=
-
~
I
.
 

>-
:::1

.·-

-
Q

 
u 

.... 
M

 

e
e

 
I 

~~------------~-------------------------4-(3 
B. 

~ 
~ 

0 
0 

0 

~
 

1.. 
::I 
C

' 

.... 

l
U
a
~
.
l
a
d
 

U
O

llV
.llaU

ad .1aq
w

n
N

 



~ 

d u 
0 ... 
u 

P.. 
o.oaJ • • I 

J::: 

l 0 .... 
1d .... ... 
u 
~ o.ooa I• • D.. . 
.... 
u 

..0 e 
::1 z 

0.1 

figure 4. 

• • • • • • • • • • • • • 

• • • • • • • I • I I • I 

0.2 0.3 0.4 

Aerosol Diameler-J.Lm 

Typical HFAIS penelrdtion mea~ure111ent re~ull~ on size 5 filters 
operating at 28 m:./min (open circles) amt 5.1 111:1/min (\olid 
cin.le~). 

0.5 



r
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
~
 0 

... 
... 

..... ... 
.. 

• 
....... 
.... 

-a 
......... 

• .. 
• 

• 
• 

• 
• 

• 
-~ 

• 
... 

• 
• 

• 
• 

-
"
:
' 

-..... =
 

:"
a
·-

... 
5 

-
...... 

~
 ... 

=
 e 

~
 

C
.a

:l 
N

 
_ _. 
<

,
 

..... 
:::C

71 
=

-
,_. ·-

"" 
, ..... 

~
 

I.J 
·
'a

-
·
-

... 
<..J 

Q
.
~
-
­

>o 
Q

.·-
-

0 
<..J 



The three filter penetration curves shown in Figures 3 4 and 5 demonstrate typical measurements on size 5 HEPA f~lters in,th~ HFATS operational evaluation. These curves also represent three classes of HEPA filter performance that have been observed in the operational evaluation which are: (1) 20 per cent flow penetration equal to or greater than the rated flow penetration over the HFATS size range (see Figure 3), (2) 20 per cent flow penetration below the rated flow penetration over the HFATS size range (see Figure 4), and (3) 20 per cent flow penetration curve intersecting the rated flow penetration curve in the HFATS si~e range. These curves demonstrate that, depending on the filter and the aerosol size, the penetration at rated flow may be greater than, equal to, or less than the penetration at 20 per cent rated flow. 

HFATS Measurement Uncertainty: Two key design criteria for the HFATS were (1) the system was capable of making filter penetration measurements within the individual filter test time requirements of the USDQE ~TFs and (2) the precision of· the system measurements were within acceptable limits. The allowable time for HFATS measurements was based on the existing time required for testing of filters on the Q107. This time was estimated to be in the range of 3 to 5 min for tests at 100 per cent flow and 20 per cent flow. 

No guidance was found to independently suggest acceptable limits for the precision of test system measurements. A precision of -10 per cent coefficient of variation was adopted for penetration values of 0.03 per cent or larger. 

A theoretical model was developed to estimate the uncertainty of alternative test system penetration measurements. The model is based on standard propagation of error techniques neglecting covariance terms and uses Poisson statistics to estimate uncertainties in the upstream and downstream LAS concentration measurements. The model equation is as follows: 

wbere 
CVp 
p 
N 
Td 
D 
Tu 
CVo 

(l) 

• coefficient of variation for penetration, 
• aerosol number penetration, 
• undiluted upstream count rate, counts/s, 
• downstream counting time in seconds, 
• dilution ratio, 
• upstream counting time in seconds, and 
• coefficient of variation for dilution ratio. 

A plot of Eq. 1 over the penetration range specified by NE-F-3-43 is shown in Figure 6 for N • 1.4 x 10• counts/s (undiluted count 
rate at 0.3 ~m)), Td • 60s, D • 220, Tu • 10 s, and cv0 • 0.05, which are the selected operating conditions for the alternative test system [5]. The value for N made at -o.3 ~m 



aerosol diameter on the HFATS challenge aerosol. The value of CVp 
was measured in a HFATS diluter evaluation reported elsewhere 
[18, 19]. Under these operating conditions, the total time required 
to measure the penetration of a filter at two airflow rates would be 
less than 5 min, which meets the first design criterion. The plot in 
Figure 6 shows that for penetration measurements greater than 0.02 
per cent, the CVp is less than 0.1, which satisfies the second 
design criterion. The higher CVp values for penetrations below 
0.02 per cent are acceptable because the precision of penetration 
measurements in this range is not as critical as the precision of the measurements above 0.02 per cent. 

In order to examine the accuracy of the model, the predictions of 
the model were compared to estimates of uncertainty made from testing 
of five size 5 filters at rated flow. Six penetration measurements 
were made on each filter using the alternative test system operating with a 10 s upstream count and a 60 s downstream count. The average 
penetratiqn and the coefficient of variation associated with each 
filter were calculated and the results plotted in Figure 6. This 
comparison is limited in that only five filters were studied. 
However, it is encouraging to note that four of the five measured 
data points were at or below the predicted coefficient of variation. 
The single CYp measurement in excess of this prediction is for a 
measured penetration of <0.005 per cent, so that the relatively high 
CYp (-20 per cent) still represents a relatively small variation 
in penetration (<± 0.001 per cent). 

DISCUSSION AND CONCLUSION 

Conservative Quality of Test Efficiency Measurements 

Fro. the discussion above it is apparent that the current and 
proposed filter tests were designed to provide conservative estimates 
of filter efficiency. Estimates of filter penetration from 
experimental studies of flat sheet HEPA filter media indicate that 
penetration at a particle size of -o.s ~m can be an order of 
119gnitude l.ower than the penetration at the size of maximum 
penetration [11). This finding indicates that penetration 
measurements at the size of maximum penetration are a very 
conservative estimate of filter penetration and that depending on the 
challenge aerosol size can over-estimate field penetration by an 
order of magnitude or more. This conclusion coupled with the 
conservative penetration estimate related to the relatively low 
density of the OEHP/OEHS test aerosol serve to give the USDOE filter 
test the appearance of being ultra-conservative. 

Certain factors serve to mitigate this conservative quality of 
the test. HFATS penetration measurements on HEPA filters at 20 per 
cent rated flow show an independence to aerosol size so that the 
penetration measured at 0.17 ~m may be the same penetration that 
would be measured at larger sizes. This finding suggests that the 
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20 per cent rated flow measurements may not be as conservative an estimate of field penetration as the rated flow p~netration 
measurements appear to be. The extent of the aerosol size 
independence of penetration should be investigated. 

As is pointed out in the text, not all materials encountered by USDOE filters have a density greater than or equal to the density of DEHP/DEHS. For the materials which have a density less than the 
density of DEHP/DEHS the rated flow maximum penetration may be 
greater than the OEHP/DEHS measured maximum penetration (9]. This 
observation indicates that for materials of relatively low density. the DEHP/DEHS measured maximum penetration at rated flow may not be a conservative estimate of the maximum field penetration at rated 
flow. The penetration behavior of these lighter materials at 20 per cent rated flow is not known. 

Studies of the performance of tandem HEPA filters indicates that the penetration through successive banks of filters increases because the aerosol penetrating each successive bank is enriched in particles of the size of maximum penetration [9,22]. The penetration of the successive banks of filters approaches but does not exceed the penetration at the size of maximuM penetration [9]. These findings indicate that penetration at the size of maximum penetration may be a 
conservative estimate of field performance of the filters in the first bank of a tandem HEPA filter system but this estimate of performance becomes less conservative for filters in successive banks. 

Because the USOOE uses these filters to protect public and worker health and the environment, some degree of conservative estimation of field filter performance is necessary. Overall, the indications are that the proposed USOOE test will provide a conservative estimate of HEPA filter performance. For single bank systems or the first bank 
of tandem systems, operating at rated flow and being challenged with material of high density relative to the test aerosol density, the 
test is probably a very conservative estimator of field filter 
perfonmance. The test is probably a less conservative estimator for filters in the backup banks of tandeM systems, operating at flows other than rated flow, and being challenged by materials of low 
density relative to the test aerosol density. 

Plans for Adoption of Proposed Tests Specifications and the HFATS 

The proposed test specifications are to be reviewed by a 
USOOE-selected technical review group along with other standards that are in the final stages of being adopted [4-7]. This review is to be completed by Fall 1986. The standards will be revised as necessary 
to accommodate the comments of the technical review group. These standards will be identified as mandatory standards in USDOE order 
6430 [23]. 

The USDOE is to be petitioned to consider adoption of the HFATS 
in mid-1986 according to procedures specified in NE-F-3-43 [5]. Upon acceptance of the petition, los Alamos is to submit evi~enc~ supporting adoption of the HFATS to USOOE. The USOOE w1th 1nput from 



the technical review group will decide whether tc adopt the HFATS as an improved test method. This decision could be made by the end of 1986. If adopted, the HFATS would be ready for placement in the FTFs by the end of 1987. 

In 1987, the US Army Product Assurance Directorate (PAD) plans to initiate evaluation of the HFATS for use in the PAD QA HEPA filter testing program. Implementation of the HFATS at PAD is scheduled to be completed by the end of 1987. 

Also in 1987, the USDOE and PAD plan a cooperative effort to adapt the HFATS technology to a low Flow Alternative Filter Test System (lFATS) for testing size 3 and smaller HEPA filters (rated flows of 125 CFM [-3.5 m3 /min] and lower). The adaptation is scheduled to be completed by the end of 1987. The USDOE plans to perform an operational evaluation on the lFATS in 1988. 
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Figure 6. Plot of the maximum penetration bin diameter versus the 
aaximua penetration for the 100\ flow test data showing 
the grouping of the data in the bin diameter range from 
0.1 ~ to 0.2 pm. 

sizes studied and for the total filter population, the maximum 
penetration was .oat frequently found in the 0.15 ~ diameter bin. 
This corresponds to an electrostatic classifier .. asured diaaeter of 
approximately 0.17 pa. Table IV lists the nuaber and percentage of 
filter tests that occurred in the various bins. Por each of the 
filter sizes and for the total filter population, over 90' of the 
aaxiaua penetration aeasureBents occurred in the 0.13 ~ to 0.17 pm 
bin dia.eter range. This range corresponds to an electrostatic 
classifier di ... ter range fraa approxiaately 0.14 pa to approximately 
0.18 ~. No ..x~ua penetration analysis of the 20' flow data was 
performed because those penetration data were found to be largely 
independent of aerosol size. 

Results of the co.parisons of the 0.15 ~ SPATS data with the 
0107 penetration data are shown in Figures 9 and 10. For the 100' 
flow data (see Figure 9), in al.ost every case the SPATS aeasurements 
are greater than the 0107 aeasureaents. The results of the 20' flow 
ca.parison shown in Figure 10 are similar to the results of the 0.31 
pa-BFATS ca.parison (see Figure 5) in which little difference was 
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observed between the BPATS measurements and the 0107 measurements. 
Average-differences in penetration are listed in Table v. The 
average differences for the 100\ flow tests ranged from 0.012\ to 
0.025\ which are auch greater than the corresponding differences 
observed in the 0.31 pa co.parison. Por the 20\ flow tests the 
average differences were <0.002\ which is siailar to the differences 
observed in the correaponaing tests in the 0.31 ~ co.parison. 

The number of filter tests where penetration aeasureaents were 
above the penetration rejection limit are listed in Table VI. A 
total of five filter testa resulted in both ayateaa measuring 
penetrationa above the rejection limit. Por the 100\ flow tests, the 
&PATS .. aaured penetrations above the rejection liait in 156 
situations where the 0107 measured penetrations were below the 
li•it. Por this saae set of tests, the 0107 rejected no filters that 
were accepted by the &PATS. The number of filters that were rejected 
by the two systeas in the 20\ tests was siailar to the nuaber of 
filters rejected in the corresponding tests of the 0.31 pa comparison 
(see Table III). 
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Pigure 8. A discrete frequency plot of the bin diaaeters that 
contain the .azi•um penetration for all the filter sizes 
tested. 

TABU: "N 

A!R)SOL SIZE OF MAXlJIM ~C. 

Fm'!R SIZE 
~ ~ :a 6 mrAL* 

BIN=\Jlll oo, ' til, ' tp, ' tP. ' til. ' 
O.ll 1 4.8 25 3.4 0 0 0 0 26 3.1 

0.13 6 29 21.5 29 8 21 5 10 234 28 

0.15 13 62 312 42 28 72 28 54 318 45 

0.17 1 4.8 149 20 3 7.7 15 29 168 20 

0.19 0 0 17 2.3 0 0 3 5.8 20 2.4 

0.21 0 0 1 0.1 0 0 0 0 1 0.1 

• Filters with DaXi•n in two or more birw wz:w net in:l.Uis.J.; therefore, this ool\li!U'l adds 
to 830 rath£ than 849. 
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Figure 9. Comparison of the 100' flow test penetration aeasurements 
using the 0.15 pa SPATS data. 

Rejection rates for the 0.15 ~-SPATS comparison are also listed 
in Table VI. The 100' flow •SPATS only• rejection rate for all 
filters tested was 18' which is auch greater than the rejection rates 
observed under routine conditions at the PTPs. OVer 50' of the size 
SA and the size 6 filters were rejected by the SPATS in the 100' flow 
test. Thirteen per cent of the size 5 filters were rejected by the 
&PATS in this test. The re .. inder of the rejection rates listed in 
Table VI are at the lower end of the range of rejection rates 
observed at the PTP under routine conditions. 

SPATS PERFORMANCE EVALUATION 

Diluter Evaluation 

A detailed calibration check of the SPATS diluter was performed 
at the beginning of the study (August 1985), once in the middle of 
the study (February 1986) and at the end of the study (May 1986). A 
plot of the dilution ratios •easured during these three calibration 
sessions is shown in Pigure 11. The dilution ratios at a given 
aerosol size were within 10' of one another. This indicates that the 
diluter calibration was stable during the 9-.anth study period. 

LAS Size calibration Evaluation 

Prior to each BPATS test session the size calibration of the LAS 
was checked using a 0.22 pm .. nufacturer•s diaaeter polystyrene 
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Figure 10. Comparison of the 20' flow test penetration aeasurements 
using the 0.15 ~ SPATS data. 

TABLE V 

PENETRATION DIPPERINCES - 0.15 pa 
(SPATS - Ql07) 

AVERAGE DIFFERENCE 
FILTER SIZE 100' PLOW 2oi PLOW 

4A 

5 

SA 

6 

0.017* 

0.015 

0.012 

0.025 

* underline indicated significant differences (P <0.05). 

-0.0002 

-0.0009 

-0.0002 

0.0005 
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microsphere suspension (PMS). The results of these calibration 
checks throughout the study are presented in Figure 12. Because the 
LAS is calibrated by the manufacturer with polystyrene microspheres 
no index of refraction correction was required for the ca~ibration 
checks. The calibration of the LAS was within one bin of the 
manufacturer's diameter in all but one calibration check. A cleaning 
of the critical LAS optics in February 1986 shifted the LAS 
calibration fro. a diameter of 0.2 pm back to the PMS manufacturer's 
diameter. The 0.18 ~ diameter calibration check in early May 1986, 
is suspected to be the result a steam excursion during a repair of 
the 0107 that dirtied the LAS optics. In this situation, the LAS 
reference voltage was below the manufacturer's recommended limit for 
operation. Again, cleaning of the critical optics by FTF personnel 
restored the calibration. 

Upstream Count Rate Evaluation 

After the upstream count of every. filter test the upstream count 
rate measured by the LAS was automatically recorded and printed by 
the BP-85 microca.puter. As described earlier, this provides the 
operator with a continuing frequent indication on how well the SPATS 
is performing. Changes in the output of the blower or the SPATS 
generator or changes in the performance of the SPATS diluter or the 
LAS would affect this count rate. A plot of the aeasured count rates 
over the ter• of the study is shown in 2igure 13. The plot shows no 
trend upwards or downwards over the tera of the study. In general, 
the occasional single aeasureaent changes in count rate were found to 
be associated with blower adjustments to acca.aodate the operation of 
the 0107. The count rate returned to its noraal aagnitude (between 
approximately 1400 and 1600 counts/sec) when the blower output was 
adjusted back to its standard level. The one sustained drop in count 
rate that occurred in early January 1986 was the result of the 
operator leaving the blower in the high output position after a 0107 
test series. These data indicate that the performance of the SPATS 
equipment was stable during the 9-.anth study. Examination of the 
data during individual test sessions shows no distinct general 
increase or decrease in the upstreaa count rate. 

TABIE VI 

P!NEDWl'ICif REJD:l'ICH9 ~ '!HE 0.15 J,lll""HFA1'S cr::MPARISCif 

DDIRi J,oot If!STS FAI'I.DG agi TESTS 
HrMS au o:~,g1 av EDlH HnTS cm.Y g:~,gz CNLY ~ 

m.:rm NlH!IJt 
112&-'- ll2a. -'- ll2a. ..L :i:tZE ·xvxw ll2a. ...L 112& ...L 112&-'-

4A 21 0 0 0 0 0 0 0 0 0 0 0 0 

5 737 95 13 0 0 0 0 2 0.3 3 0.4 3 0.4 

SA 39 34 87 0 0 0 0 0 0 0 0 0 0 

6 52 27 52 0 0 2 3.9 1 1.9 0 0 0 0 

'lUrAL 849 156 18 0 0 2 0.2 3 0.4 3 0.4 3 0.4 
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Figure 11. Comparison of three diluter calibration evaluations 
perforaed over the course of the study. 
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Results of the upstream count rate evaluation performed 
throughout the study. 

BPATS IMPACTS ON P'l'P OPERATION 

Comparison of Pilter Test Rates 

Records of the tiae required to test a filter set were kept by 
the oa~ Ridge test systea operator. The tiae recorded by the 
operator included the test systea start-up ti .. as well as the time 
required to test the set of filters. The ti .. required to shutdown 
the test systems was not included in the recorded tiae because the 
time of day that testing had to cease was largely deterained by the 
amount of tiae at the end of the work day that had to be allocated to 
storing the tested filters and recording filter test results. 

The rate at which filters were tested was calculated by dividing 
the recorded tiae into the nuaber of filters tested. A plot of these 
rates over the tera of the study is shown in Pigure 14. The BPATS 
test rates in the initial weeks of the study increased fro. a low of 
approziaately 5 filters/hr to a rate of a~st 6.5 filters/hr. This 
increase is probably related to the operator becoaing faailiar with 
the study and BPATS operating procedures. The BPATS rates aeasured 
from the beginning of October 1985 through the end of the study were 
constant, save one case, at a rate just below 6.5 filters/hr. The 
Ql07 rates showed soae fluctuation early in the study, but again by 
about the beginning of October 1985 the rates becaae constant, save 
two cases, at a rate of just below 7.5 filters/hr. The high rates 
(>7.5 filters/hr) observed in January 1986 were found to be 
associated with filter test sessions that were conducted after a 
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Pigure 14. A plot of the filter test rates for the BPATS and the 
0107 over the tera of the study. 

previous test session for which the test syst..a had been started. 
Consequently, no start-up time was included in the high rate 
session's recorded tiae. 

Even though the rate at which the 0107 test filters is 
distinctly greater than the BPATS test rate, there was no difference 
in the nuaber of filters that could be tested by either system in a 
work day. This conclusion coaes fro. the fact that the nu.ber of 
filters that can be tested in a day at the ORPTP is largely dependent 
on the logistics of conveying filters to and fraa the location where 
they are tested and the 0107 cool down ti... Filters are conveyed to 
and fro. the test location by a batch process in which a set of 
filters is unpacked, placed on a conveyor, and .aved to the test 
location. After testing, they must be conveyed back to the store 
room and stored prior to loading the nezt set of filters for 
testing. Testing of two batches of up to 24 filters with the 0107 
required enough of the work day that with the tiae required prior to 
the end of the work day for attending the 0107 during its cool down 
(approziaately a half hour) there was no .are tiae to load and begin 
testing another set of filters. The saae two batches of filters can 
be tested by the SPATS in a day because the shorter tiae required to 
shutdown the SPATS (<5 ain) allowed enough eztra testing tiae to make 
up for the slower rate at which the SPATS tested filters. 
Operationally, the aain difference in a day of testing with the two 
syste.a is that the operator spends more tiae testing filters with 
the BPATS and is not available to carry out other duties that the 
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individual might be able to do while attending to the 0107 during its 
cool down phase. 

Certain possibilities exist for increasing the BFATS filter test 
rate. First, the series of calibration checks and the extensive data 
collection that were conducted in the operational evaluation may not 
be necessary for routine PTF operation of the BPATS. The high degree 
of stability displayed by the BPATS supports extending the time 
between calibration checks. A significant amount of tiae was 
required to automatically store the large amount of data retained for 
each filter test. This time could be significantly reduced by using 
a faster data storage system and by limiting the amount of data 
stored. Another way of reducing ~he time required to test filters 
would be to reduce the clearing time between the upstream and 
downstream counts and between the 100' flow test and the 20' test. A 
valve design that would permit reduction of the required clearance 
time is being investigated. 

These recoaaendations have the potential of increasing the BPATS 
test rate to approxiaately that of the 0107. However, it is unlikely 
that the &PATS test rate could be increased to a rate auch higher 
than the 0107 rate because of the 4 to 5 ainutes required by the 
SPATS to make the neces~ary count .. asur..ents for a filter test. 

&PATS Operational Safety 

A aajor advantage that was attributed by the oak Ridge staff to 
the SPATS was that the DEBP odor present when operating the 0107 was~ 
not present during the operation of the &PATS. In addition, a former 
oak Ridge test systea operator who had stopped testing filters 
because of sensitivity to DEBP odors, was able to test filters with 
the &PATS. The Departaent of Bnergy has adopted the policy of 
liaiting workplace exposyres to filter teat aaterial through the use 
of engineering controls. The challenge aerosol concentration used 
in the &PATS is at least an order of aagnitude lower than the 0107 
challenge concentration, which .. ana the source tera for eaissions to 
the workplace is greatly reduced for the BPATS relative to the 0107. 
The reduced source tera is probably at least partially responsible 
for the absence of odor associated with the &PATS operation. 
Reduction of the source tera represents an appropriate engineering 
control for liaiting workplace exposures. 

Another .. jor operational safety issue is the potential fire 
hazard the 0107 tber-.1 generator presents. Because of the 
possibility of fire, 0107 syst ... are fitted with costly fire 
suppression equi~nt. None of the &PATS co.ponents present a safety 
problea of tbis .. gnitude. The SPATS generator uses air-operated 
jets to produce the challenge aerosol. ~his aethod of aerosol 
production greatly reduces the risk of fire. 

Operation of the &PATS 

The oak Ridge staff gained several insights into the operation 
of the SPATS in the PTP environaent relative to the operation of the 
0107. A aajor difference in the systeas was the relative aaounts of 
operator attention that they required. Because the 0107 uses a 
theraal generator that heats the test aerosol material to near its 
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flash, once the system is started, it must be attended to until 
approximately a half hour after the cool down phase is initiated in 
order to assure that temperature excursions are thwarted. 

During actual operation of the test systems the SPATS required 
much less attention and adjustments than did the 0107. Most of the 
attention and adjustments required by the 0107 was associated with 
maintaining the challenge aerosol particle size and concentration. 
The challenge aerosol particle size requirements for the SPATS are 
less stringent than those for the 0107 because the SPATS particle 
size discrimination is performed by the LAS. The output of the SPATS 
generator and the performance of the SPATS diluter and the LAS as 
indicated by the perforaance indicators was so stable that close 
monitoring by the operata~ was not needed. The SPATS required almost 
no adjustaent during the study. 

Maintenance of the SPATS 

Direct ca-parison of the .aintenance ti8e required by the test 
systeaa is not co.pletely appropriate because of the differing ages 
of the systea'a ca.ponents. The SPATS systea ca.ponents, however, 
were not all new. Por ezaaple, the LAS used in the study was over 
7 years old and used a laser tube that at the beginning of the study 
was .are than 1 year old. The SPATS required leas than 2 hours 
.. intenance during the 9-.anth operational evaluation, which was 
associated with cleaning the critical optics of the LAS. The 0107 
aerosol generation ayste• required .ore than 2 days .. intenance. 
Maintenance of the large capacity equi~nt used to condition high ~ 
flow air atre ... of the 0107 generating ayatea to within very close 
tolerances has been a recurring problea at oak Ridge. Repair of 
these conditioning systeas has required significant periods of down 
time and has been costly. 

A concern with the BPATS is the availability of repairs and 
replacement parts for the LAS. A possible r ... dy to this potential 
problem is to contract with the LAS .. nufacturer to .. intain a LAS 
that would be ready to be shipped to a PTP in the event a replacement 
was needed. The ti .. between .. intenance periods for the LAS should 
be increased according to the LAS .. nufacturer because the useful 
life of the laser tubes baa been eztended fro. 1 year to 5 years by 
the use of a new glass to 8etal sealing process. The tube in the LAS 
used in the study baa lasted over 2 years to-date. 

IV. Su..ary 

The ca.parison of 0.31 pa SPATS penetration 8easure•ents and 
rejection rates to those of the 0107 indicated that there was not 
much difference in the .. gnitude of the .. aaur ... nta. This indicated 
that operation of the SPATS in this .ode would not greatly affect the 
.. asureaents reported by the PTPs. On the other band the 0.15 ~ 
SPATS .. aaur ... nta .. de at the 100\ test flow were distinctly greater 
than the corresponding 0107 .. aaureaenta. The SPATS provides the 
capability of .. aauring worst case filter penetration and readily 
deteraining penetration in teras of physical factors of concern (i.e. 
aass, radioactivity, etc.). 
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The BFATS demoniJ..;;rated excellent stability a:1~r indicated- by the 
diluter evaluation results, the LAS size calibration results and the 
upstream count rate results. These data suggest that an extended 
calibration check schedule would be appropriate for the SPATS. 

The aajor negative impact that the SPATS appears to have on the 
FTP operation is the lower rate at which filters are tested. 
However, there was no difference in the number of filters that could 
be tested by either system in a day. The SPATS exhibited certain 
positive effects on the FTP operation. These included potential 
reduction in the workplace airborne levels of the teat aerosol 
material, limiting the fire hazard associated with testing filters, 
easier operation and potentially leas costly and leas frequent 
.. intenance. 

v. Conclusion 

The results of this study d..onstrate the operability and 
aaintainability of the SPATS in the PTP environaent. The operational 
advantages cited above and the technical advantages cited elsewhere 
d..anstrate that the use of the SPATS at the PTPs would i~rove the 
PTP operation and iaprove the technical defensibility of the PTP 
penetration aeasure .. nts. 2 Because of this conclusion, the authors 
reca .. end that the Depar~nt of Energy ~onaider adoption of the 
SPATS as ay approved filter teat syatea under the provisions of the 
RB-P-3-43. 
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