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INTERMEDIATE RESULTS OF A ONE~-YEAR STUDY OF A LASER SPECTROMETER
IN THE DOE FILTER TEST FACILITIES*

S. C. Soderhoim and M. I. Tillery
Industrial Hygiene Group
Los 2lamos National Laboratory
Los Alamos, New Mexico 87545

Abstract

A 1-year study of the model LAS-X (Particle Measuring Systems, Inc.)
laser spectrometer in the Department of Energy (J0E) Filter Test Facilities
(FTFs) was begun on August 1, 1983. The principal objectives of the study
were to gain operational experience with the LAS-X/diluter/KP-85 particle size
measuremant system in the FTF environment, acquire size distribution data to
quantify the consistency of the Qi07 aercsol s‘ze distribution at each FTF and
among FTFs, and compare the FTF test aerosois to current and proposed
standards. Results of the first 9 months of the study are summarized and
discussed. Major concliusions based on these data are: 1) the LAS-X system can
be operated successfully in the FTF environment, 2) each FTF would require a
back-up LAS-X to be able to continue filter testing during the (at least) once
each year removal of a LAS-X from service for major recalibration and repair,
3) the FTF test aerosols are not monodisperse, as assumed in the military
standard MIL-STD~282, and do not all meet the new DOE Nuclear Standard
NE-F~3-43, which a replacement aerosol would by required to meet, 4) the test
sercsol at sach FTF 1s quite consistent over time, and 5) the test aerosols at
the three FTFs differ consistently. Final conclusions an’ recommendations
from this stud w111 be developed after analysis of the full 12 months of data.

L. __Jntroduction

Los Alamus has undertaken a program “"Filter Test Facility Support
Laboratory® for DOE. One gspect of this program, a laboratory evaluation of a
propnsed new f1lter panetration test system, wus discussed elsewhere in this
meeting.(17 Another part of this DOL program is to evaluate a laser
spectrometer particle size measurement system [consisting of a model LAS--X
laser spectrometer (Particle Measurin- Systems, Inc.), a diluter, a model
“r-85 (Hewlett-Packard) microcomputer and Los Alamos software] as a possible
replacement for the Owl 1in 31zing the iervsols used at the three DOE FTFs for
quality assurance testing of size 5 (1000 cfm) high efficiency particulate air
(HEPA) filtars. Soime initial results related to this effort were presented at
the 17th DOE Muclear Air Cleanin, Conference.(2)

Bassd on the 1nitial evaluations, Los Alamoi recommended to DOE that the
LAS-X particle size mirasurement system receive an intensive evaluation in the
FTFs for 1 year. The l1-year study was begun August 1, 1983. This report
presents Intermediate results of the study based on data collected during the
first nine months.

*Work performod at the Los Alamos National Laboratory under the auspices of
the US Department of Energy. Atrborne Waite Management Program Office,
Contract NOo. W-74G5-ENG-36.
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II. Objectivas

The objectives of the 1-year study were to:

1. Evaluate the ‘mpact of the LAS-X particle size measurement system on FTF
operations including (a) additional costs in time, materials, and
equipment, (b) ab!l1*ty of FTF personnel to efficiently operate the
system, (c) abi1ity of the equipment to operate reliably in the FTF
environment, and (d) benefits due to more compliete particle size
characterizations.

2. Determine the relationship of the test aerosols at the threa2 FTFs to
relevant Standards.(3.4)

3. Provide data on datly variations of the test aeroso’'s produced at sach
FTF including possible seasonal changes.

4. Compare the test aerosols produced at the three FTFs.

I11. Equipmert and Procedures

The LAS-X ownad by each FTF nominally sizes particles with diamaeters
between 0.09 and 3 um using four overlapping size ranges. Stze is
determined by meacuring the amount of 14igrt scattered into a detector by
individual particles. Salzman, et al. hrve described the operation of the
LAS-X, including refractive index corrections.(2) Since 1t 1s a
single—-particle counter, errors occur if the aesrosol concentration is as high
as that found 1n the model Q107 penetrometer used at each FTF fo: testing
size 5 (1000 cfm) HEPA fiiters. Ouring this study, the test asrosol in thn
Q107 was passed through a capillary diluter prior to entering the LAS-X. A
capillary diluter works by perssing & small portion of the incoming aeroso!?
stream through a controlled ‘leak" consisting of & capillary tube and allowing
it to mix with the bulk of the 1ntoming stream which was passed through a HEPA
f1il1ter. The diluter provided by Los Alamos was designad to operaie at a flow
of approximately 140 L/min (5 cfm).(s) Data acquisition and analysis was
accomplished with an HP-85 microcomputer system and software developed at Los
Alamos. A detailed description of the equipment and software wi'l be provided
in the final report of this study.

Conducting the study at the FTFs did not alter the way 1n which HEPA
filters were tested. A1) normal procedures were followed, including adiusting
the Q107 to obtain an Owl reading of 29°. No Q07 adjustinents were made
based on the LAS-X size distribution results. <Tach FTF reviewed 1its
operations prior to the start of the study to ascert¢ain that all norma’
vrocedures were being followed and that all equipment was operating proeperly.
Los Alamos provided detailed descriptions of the eyu pment and procedures
asrociated with the study and visited each FTF priny > the start of the study
to help install the equipment and train the operator:.

At the start of each day when the Q107 was oporated, the LAS-X
calibration was checked with an aerosol of polystyrene 1atrx (PSL) spheres
using an air-jet nebulizer systam supplied by Los Alamos. WO LAS-X
calibration adjustments could be made in the fleld, so the PSL measurements
served only as a check on the operation of the instrument. Los Alainos
provided PSL particles from the same source bottle to sach FTF as dilute
suspensions which had been prepared at the same time end in the seme way.
After checking the LAS-X calibration, an FTF operator meesured the Q107
aerosol stze distribution at the beginning of each day when the {07 was used
to test HEPA filters and nt approximately 2-hour interval: thereafter. Sire
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distributions were obtained only when the Q107 was being operated at a volume
flow rate of 28.3 m*/min (1000 cfm) with the filter chuck closed and the Owl
reading 29 ¢ 1°.

Prior to initiating the acquisition of data by the microcomputer, the
operator was required to enter or verify the values of several parameters,
including the date, aerosol material (di-2(ethylhexyl) phthalate [DEHP] or
di-2(ethylhexyl) sebacate [DEHS]), LAS-X samp’e flow rate, two diluter meter
readings (from which an approximate dilution ratio was calculated), and the
Owl reading. OData acquisition required approximately 1 mirute (11 seconds for
each of 4 ranges with a potential initial "dead time" of 11 seconds) after
which the filter chuck could be cpened and . rmal operations continued. The
microcomputer analyzed the data immediately ..fter acquiring a complete set.
The data unalysis included index of refraction corrections for DEHP and DEHS.
The output of the data analysis system was printed on a paper tape in the form
of a graph of the raw data and the calcuiated lognormal distribution, a \able
of all entered and calculated parameter values, and a table of the raw data
(Figure 1). In addition, the raw data were stored on a cassette tape “long
with all relevant parameter values.

The operator kept a logbook containing a summary of each calibration e&nd
size distribution measurement and a record of comments, costs, and time spent
conducting the study. Approximately once a month, the cassette tape and a
copy of the relevant logbook pages were sent to Los Alamos for analysis. No
preliminary results of the data analyses were provided prior to the end of the
1-year study in order to avoid potential bias of the dat=a.

Each data set recorded on a cassette tape was reanalyzed at Los Alamos to
obtain another paper tape copy of the raw data and the results of the data
analysis. Initially, the Los Alamos analystis was performed with the same
software as had been provided tc the FTFs to obtain the principal parameters
of the size distribution, the geometric mean diamater (og) and the geometric
standard deviation (o,). The data analysis technique incorporated into
that software provided a fast and convenient means of describing the
parameters of the measured size distribution by direct calculation of D, and
ag from the nistogram data. However, one characteristic of that data
analysis technique was that it provided an inaccurate description of the size
distribution when 1t was truncated, 1.e., a significant fraction of the
particles were outside the meusurement range of the LAS-X.

It was apparent that truncation was occurring with many of the data sets
received from the FTFs, so the data were &nalyzed with another (much slower)
data analysis technique which avoided errors due to truncation of the size
distribution. This nonlinear least-squares data analysis technique used a
modified simplex search procedure to find the three parameters of a lognormal
distribution (number concentration, geometric mean diameter, and geometric
standard deviation) which minimized the sum of the squared deviations between
the histogram data and the corresponding quantities calculated from the
lognormal distribution. A1l measurements of the Q107 aerosol were analyzed by
the nonlinear least-squares technique and those results are presented in this
paper. A1l of the best-fit lognormal distribution found by this technique
appeared to f't the data well when checked visually. For data sets in which
no significant truncaiion of the czize distribution occurred, the results of
the two data analysis techniques agreed well.
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Figure 1. Example paper tape generated by the HP-85 data analysis system,

including graph of his ogram date and fitted lognormal distribution, table of

al)l entered and ctalcuiated parameters, and table of raw counts and derived
histoqram values.
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The acceptability of each data set for inclusion in the final summaries
was judged on three criteria: 1) all data was properly entered (date, aerosol
type, Owl reading, and dilution ratio), 2) the count rate was less than
5000 s—', and 3) there was good overlap in the distribution, f.e., there was
good agreement between the two size distribution values obtained at those
s1zes where adjacent LAS-X ranges overlap. As reported elsewhere in this
meeting, the LAS-X count rate must be below 3000 s=1 in order to assure
a.curate counting of part1c1¢s.(‘) However, the less stringent 1imit on
count rate of 5000 s—' was adopted as an upper 1imit 1n this study for
obtaining valid size measurements. Those data feor which the count rate was
below 3000 s~° were analyzed separately to determine 1f the two count rate
11¢1ts had any significant effect on the results.

1V, Resylts

Detatled analyses of the costs, manpower requirements, and operational
acceptability of the LAS-X will be presented in the final report after all the
data are available. The results presented in this interim report are drawn
from the calibration data and the measured size distributions of the Q107
aerosols. Table 1 shows the number of days on which data were collected for
the study and the number of calibration and Q107 aerosol data sets accepted
and rejected for each of the FTFs.

Table 1. Data set census.
Number our Number of Q107
Number of Data Calibratien Data Setis -Aeroso) Data Sets
Collection Davs Accepted Rejected Accepted Rejected
RF-FTF 109 97 2% 128 o2
HEHF-FTF 46 55 14 23 60
OR-FTF a5 55 15 58 39

The detailed results of each acceptahle data set are graphed in Fiqure 2
for the Rocky Flats (RF) FTF, in Figure 3 for the Hanford Environmental Health
Foundation (HEHF) FTF, and in Figure 4 for tne Oak Ridge (OR) FTF as a
function of time. The calibration results are presented in the top graph in
each of the three figures. The narrow size distribution of each PSL
measurenment was examined to determine the LAS-X 3ize channel with the maximum
height. The central diameter corresponding to that size channel was then
plotted on the ordinate &s a measure of the size of the PSL spheres as
determined by the LAS-X.

The gzecond graph in each of tha three figures shows the count rate. Al
data sets corresponding to count rates greater than 5000 s~' were considered
unacceptable for inclusion in tha analysis. The count rate was calculated in
the data analysis program from the sample duration and the largest of the
particls counts recorded 1n the four LAS-X ranges.
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Figure 2. Summary of first 9 months of data from all acceptable Rocky Flats
FTF data sets (having count rate < 35000 s-1), including the central diameter
of the LAS-X channe) containing the highest peak for PSL, count rate,
geometric mean diameter, geometric standard deviation, and estimated mass
concentration.
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Figure 3. Summary of first 9 months of data from all acceptable Hanford
Environmental Health Foundation FTF data sets (having count rate

< S000 s~'), inciuding the centra) diameter of the LAS-X channel containing
the highest peak for PSL, count rate, geometric msan diameter, geometric
standard deviation, and estimated mass concentration.



18th DOE NUCLEAR AIRBORNE WASTE MANAGEMENT AND AIR CLEANING CONFERENCE

—
E 021 PR "PUT FUU B Tame e Aue 4 FLAE L
- | [ + + T
~ 019 } -
] | ]
E{! 017‘ 1 | ] L 1 L | A [ 1 I
ﬁ:\ 6000 | T ™1 T ~T T T T T T
) (7)) - +
5 = 2000 | } P i
- + -
Q 8 i *” *‘ t‘ + ¥ <
O R - 4
s 0 L 11 1 1 L 1 L1 ] ]
'EE~ T T T T T 1 T 1 T T T
I 02 L ~
| +
~ 4+ & & t‘ + h + J
o
(4] 0.1 1 1 1 1 1 1 1 L 1 | 1
18 i  m— T | | p— T T Y
bﬂ 15 ':' *. % - ot ‘* . . -
+ -
12 [ L L1 I L L1 \ L ! 1 ]
F
EE S0 | p—— T T ~T T T T | —
N :
Eo 25 -+ 3
S~ s + 2 Hho+ .
o 1 41," ] 1 44ﬁ~'. :F"'? 1 fL 1 1 ]
= Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul

Figure &. Summary of first 9 months of data from al) acceptable Oak Ridge
FTF data sets (having count rate < 5000 s"). including the central diamever
of the LAS-X channel containing the highest peak for PSL, count rate,
goometric mean diameter, geometric standard deviation, nd estimated mass
concentration.
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The bottom three graphs in the three figures show Dg. g and the
calculated mass concentration (Mg) for th. best-fit lognormal distribution
determined by the nonlinear least-squares analysis of the data. These values
provide an accurate description of the raw data, even when the size
distribution 1s truncated.

The means and standard ~eviations of each of the five quantities graphed
in Figures 2-4 are listed ir Table 2 for each of the FIFs. The mean values of
the geometric mean diameter and geometric standard deviation are essentially
unchanged when only the data sets corresponding to a count rate below
3000 s-' are included in the calculations.

Table 2. Summary of numerical results for Count Rate < 5000 s~
(top 11ne) and < 3000 s~' (bottom line).

RE-FTF F-FT R-FTF
PSL Pecak (um) .202+.004 f97]8 .1892.003 [55) .205%.002 [55]
Count Rate (s“‘) 37134898 [128] 27691909 [23)] 25591767 [58]
23071590 [25]) 2266+398 [16] 21594+364 [42]
Geometric Mean .142.01 [128] .17£.07 [23] .16%.01 [58]
Diameter (um) .14%2.02 [25) LA72.01 [16] .16%£.01 [42]
Geometric Standurd 1.6112.04 [128)] 1.60%£.03 [23)] 1.46+.03 [58)
Deviation 1.60+.06 [25) 1.361£.03 [16] 1.47+.03 [42]
Mass Concentration 2917 [128] 1123 [23]) 10%£2 [58]
(mg/m3) 2025 [25) 1012 [16) 911 [42]

aMeantStandard Deviation [Number of Data Sets])

V. Discussion

As described by Scripsick, precise aerosol size, mass cencentration, and
penetration measurements using a laser spectrometer require a carefully
operated and characterized diluter.(1) one important characteristic of a
diluter in this application 1s the amount of variation of dilution ratio with
particle size. Such variations might be seen if significant size dependent
particle losses occur within the diluter.

The § cfm capiiiar-y diluters utilized in this study were not originally
designed for use with the LAS-X, although they were among the few types
available when they were provided to the FTFs during Salzman's early
evaluations of the instrument.(2.5) They have not yet been fully
characterized with respect to the variation of dilution ratio as a function of
particle size. However, the FTFs used identical diluters, so comparisons of
size distributions at the FTFs should be valid. Also, the expected particle
losses 1n the capillary due to diffusional lotses to the wall are neyligible
due to the relatively high volume flow rate through it (0.14 L/min at a
d1lution ratio of 1000). Impaction and sedimentation losses should also be
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negiigible for the small particle sizes encountered in this study. Thus, 1t
is not expected that the preiiminary size distribution measurements summarized
in this interim report will diffar cigq:ificantly from those calculated once
the diluters are more fully character’zed.

The dilution ratios were calcuicted from the ratio of the volume flow
ratz through the capiliary (calculizted from the measured pressure drop across
the capillary) and the volume flow rate through the bypass containing HEPA
filters (calculated from the measured pressure drop across a metering orifice
in the l1ine). Limited validation of dilution ratios calculated by this
technique was performed using a submicron o1l aerosol and a photometer. The
calculated dilution ratios should be considered to be approximate as should
the mass concentrations derived using them. Since 1t was not an objective of
this 1-year study to validate the ability of the LAS-X/diluter/HP-85 system to
measure mass concentrations precisely, no further effort will be placed on
refining the estimated dilution ratios and mass concentrations.

The data set census in Table 1 indicates that 1) the Rocky Fiats FTF
collected data on a Jarger number of days during the 9-month study period than
did the other two FTFs, 2) approximately one-fifth of the calibration data
sets were rejected .s unacceptable, and 3) a large fraction cof the Q107
aerosol data sets were rejected as unacceptable. Included 1n the numwber of
data collection days in the first column of Table 1 were all days on which any
cal‘bration or Q107 aer.sol data sets were recorded.

A "calibration data set" was defined as a data set for which the operator
had chosen "PSL" as the value of the aerosol matertal parameter in the
microcomputer program. In almost every case, at least one acceptable
calibration data szt was obtrined by the FTF operators for each day that data
was collected. In some cases, more than one calibration data set was obtained
on a given day, especially near the beginning of the study when the operators
were becoming familiar with the 1astrumentation and procedures. Common
reasons for rejection of a calibration data set were 1) an incorrect date
(often entered in an unacceptable format), 2) an ncorrect choice of "PSL" for
the value of the aercusol material parameter when sampling the Q107 aerosol,
and 3) an error in not connecting the LAS-X to the PSL nebulizer output.

These errors were relatively Infrequent as shown by the 20 per cent rejection
rate for the calibration data sets.

A large fraction of the Q107 data sets were rejected as unacceptable,.
Many of these datz sets were rejecied because the count rate was larger than
5000 s~1. This was the case for approximately one-half of the rejected Q107
data sets at the RF-FTF, one-third of those at the HEHF-FTF, and three-fourths
of those at the OR-FTF. These rejections are mostly due tc the inability of
the 5 cfm diluter supplied by Los Alamos to provide adequate dilution. ODuring
the first month of the study, the attainable dilution ratios were much too low
making essentially every Q107 data set unacceptuble. By the end of the first
month of the study. ios Alamos had supplied a smallcr diameter dilution tube
to each FTF prcviding adequate dilution for many measurements, but not for
all. Besides high count rates, other common reasons for relection of Q107
aeroso] data sets were 1) incorract date, 2) incorrect identification of the
aeroso]l material, e. g., DEHS at Rocky Flats where DEHP 1s used, 3) no
dilution ratio entry, 4) no Ow) reading entry, and 5) poor agreement in the
overlap region of two LAS-X size ranges. Pocr overlap is often a symptom of a
count rate which 1s too high but could also be due to a fluctuating aerosol
concentration.
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Figures 2-4 and Tabla 2 contain a large amount of information which will
be discussed r some detail. Referring to the top plot in each of the three
figures, 1t can be seen that the PSL calibrations were quite consistent over
the 9-month period at the RF-FTF (Figure 2), changad systematically with time
at the HEHF-FTF (Figure 3), and were very consisten. at the OR-FTF (Figure
4). On the highly magnified particle diameter scale of the olots, apparent
changes in the size of the PSL spheres are recorded as noticeable jumps in the
recorded PSL diameter. Each jump corresponds to the peak of the narrow PSL
size distribution changing by one LAS-X size channel. The LAS-X unit at the
HEHF-FTF was the only one of the three which may not have adequately corrected
for the gradual dirtying of the optics during the many hours of operation. As
seen in Figure 3, the apparent PSL size gradually decreased, dropping by three
LAS-X bins throughout the first several months of the study. It increased to
one bin above the original level after the unit was sent to the factory for
maintenance and repair, which included cleaning of the optics. With une
exception of the HEHF-FTF unit, the model LAS-X has been found capable of
maintaining ¢ consistent calibration in this study and in the laboratory work
perfcrmed by Los Alamos.

The second plot (labeled Count Rate (s“) in each of the Figurses 2-4
shows that the count rate was quite variable, even among Q107 data sets taken
on the same day. The diiuter settings were not changed at each of the FTFs
after the first several weeks of operation, having been set to give the
highest attainable dilution. The variable count rates and nominally constant
dilution ratio explain the high variability of the estimated mass
concentrations shown i{n the bottom plot (labeled Mg (mg/m3) of aach of the
Figures 2-4. Highly variable count rates could have arisen either from a
highly variable concentration of Q107 aercso) or from a highlv vartfable
dilution ratio. If the concentration of the Q107 aerosol concentration varies
significantly over 2 hours, the time between LAS-X measurements of the size
distribution, 1t should be detectable as changes in the *100X" setting on the
Q107 photometer. If the dilution ratio provided by the Los Alamos 5 cfm
diluter varies significantly over 2 hours, 1t should be detectable as changes
in the readings of the two gauges monitoring the two internal volume flow
rates in the instrument. Further investigation may reveal the probable source
of the high variability of the count rate and the estimated mass
concentration. However, no definitive statement of the source of the
variabil11ty can be made at this time with the availcble information.

The third plot [(labeled Dg (um)] and the fourth plot
(labeied ag) on each of the fFigures 2-4 contain information relating to
variations of the Q107 aerosol si1ze distribution ovur time. With few
exceptions, the two size distribution parameters are relatively constant at
each FTF as shown in Table 2. There are no clear patterns of seasonal or
daily variations which can be seen upon visual inspection of the data.

On February 29, the RF-FTF operators measured an unusually large
geometric meen diumeter (.22 um) and an unusuaily small geometric standard
deviation (1.40) for the first measurcmen. of the Q107 aerosol of the day even
though the Owl reading was constant at 29°. Two hourc later the same two
aerosc) parameters had values of .13 um and 1.66, which are much closer to
the average values for the RF-FIF. A similar occurrence was noted about 4
weeks later when the two aerosol parameters values were Dq - .19 um and
g = 1.44 for the first Q107 aerosol size measurement of the day, when the
Owl reading was 28°.
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It 1s a characteristic of the Owl that 1t cannot distinguish among the
many polydisperse size distributions vhich will give an Owl reading of
29°.(6-7¥ This s 11lustrated 1 a Mie calculation of the Owl reading
(polarization ratio) for a variety of lognovmal distributiuns having geometric
mean diameters betveen .1 and .4 um and geometric standard deviations
between 1.0 ard 1.% (Figure 5). 1In these calculations, the Owl 1s
approximated by a 11ght source which emits a single wavelength at .534 um
and a detector which subtends an negligibly small solid angle at a scattering
angle of 90°. The results of the calculations which include these
approximations provide a good indication of the trends in Owl response to
polydisperse aerosois. As seen in Figure 5, lognormally distributed aerosols
having increasingly smaller geometric mean diameters will give the same Owl
reading as a .3 um monodisperse (o, = 1.0) aerosol providing the
polydisperse aerosol has a sufficiently large geometric standard deviation.
This 1s the same trend seen in the two unusual Q107 aerosol size distribhution
results obtained at the RF-FTF. It is this ambiguity in measuring the size of
a polydisperse aerosol which led to the considerattion of the LAS-X as an
alternative to the Owl to monitor the size distributian of the test aerosol at
each FTF.
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Figure 5. Results of Mie scattered 1ight calculations providing approximate

predictions of the response of the Owl as a function of the
geometric mean diameter and geometric standard deviation of
lognormally distributed DFHP aerosols. The {1luminating
vavelength was taken to be .524 um and the polarization ratio
was calculated for 90° scattering.
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ary in Table 2 of the mean geometric mean diameter and geometric
ation for each FTF makes 1t clear that the Q107 aerosol 1is
different from the 0.3 um monodisperse aerotol which 1s often

th the Owl reading of 29° required by MIL-STD-282.(3) This

with previous reports.{2.6) The proposed DOE Nuclear Standard
uires tihat any new penetrometer system which might be proposed to
107 should test HEPA filters with an aerosol haviang a geometric
between .16 and .24 um and a geometric standard deviation

nd 1.5.(4) Table 2 indicates thst two of the FTFs were testing
during the first 9 months of the study with an aerosol which fell
specifications. The RF-FTF typically had a smaller geometric
and larger geometric standard deviation.

no raquirement presently for the FTFs to test HEPA filters with
eting the specifications in NE-F-3-43 and no attempt was mede to
the Q107's to match those specifications. It 1s conceivable

nts to the Q107 aerosol size distribution could be made based on
on obtainable from sampling with the LAS-X/d{iluter/HP-85 system
the aerosol specifications of NE-F-3-43 and the requirement of an
f 29° in MIL-STD-282.

TF proceeded with a planned replacement of the Q107 on which

re obtained during mid-1984. Approximately 1 month's data should
at the end of the full study to indicate the typical aerosol size
genarated by the new Q107 at the RF-FTF.

concentration estimates summarized in Table 2 baced on the LAS-X
should be considered approximate due to the incomplete

fon cf the diluter provided to the FTFs for this study. Accurate
ation measurements with a laser spectrometer require accurate

cle counting, and dilution ratios. It was not an objective of
tudy to make accurate mass concentration measurements with the

e size measurement system.

'te evaluation of the operation of the LAS-X at each FTF during
11 be given 1in the final report. Some operational points of

1) FTF operators typically took only a few minutes to perform
on check of the LAS-X each day and a few minutes to make each
asurement of the G107 aerosol, 2) a major repair ot the RF~FTF
uired dud <o a fatlure of a circuit 1nvolved in data transfer to
rocomputer, 3) a major repalir of the CR-FTF LAS-X involved
f & power supply, and 4) the HEMF-FTF LAS-X was sent to the
leaning and calibration due to the increasing arror in measuring
of the PSL calibration aerosol. Loss of the LAS-X due to these
ints for the major data gaps seen in Figures 2-4. Over the period
‘am at Los Alamos, 1t has been found that each LAS-X typically
acement of the laser tube approximately once each year. The

has recently stated that a new laser tube assembly technique may
1ser 11fetime to approximately 5 years. It 1s clear that 1f the
» be incorporated iInto the HEPA filter testing system, a back-up
be available at each FTF in order to avoid delays ‘n filter
‘e each LAS-X typically has to be removed from servic. at least
ir for factory calibration and/or repair. Such back-up
lon {s a normal requirement at any facility requiring
| operation.
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YI. Summary of Major Conclusion:

Severa? major conclusions have been reached based on the analyses of the
first 9 month's dats frun the 1-year study. Additional detatled conclusions
and, perhaps, modifications of the following conclusions will be available in
the final report detailing the results of the full study.

1.

6.

The LAS-X can be successfully operated in the FTF environment to
measure the size distribution of the Q107 test aerosol.

Incorporation of the LAS-X into the quality assurance tes: procedures
would require a back-up LAS-X at each FTF and a more convenient and
better characterized diluter than the one provided to the F¥Fs for
this study.

. Either the concentration of the Q107 test aerosol or the dilution

ratio of the diluter provided to the FTFs for this study 1s quite
variable over time.

The measured Q107 aerosol size distributions are not monodisperse as
assumed in the existing MIL-STD-282 and they do not all me t the size
distribution specifications which a replacement aeirosol would be
required to meet by DOE Nuclear Standard NE-F~3-43.

. The test aerosol at each FTF has a quite consistent size distribution

over time.

The test aerosols at the three FTFs differ consistently.

The 1-year study ts succeeding 1n providing information to DOE which will
be important in deciding whether the LAS-X particle size measurement system
should replace the Owl to monitor the aerosol size distributions at the FTFs.
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