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Foreword. "
PRI

T}ns xeport is: dmded mto three major secnms. 'ﬂw fi rst sectton,

Frogress Reporls, covers “the status Gf activities undertaken er

continuing - during the perivd; additional teports_ or séparafe

_ publications +will cover the final results of these activities. The second

~segtion, Technical Notes, contains teports on mterestmg activities of
a more limited ‘scope.on which ‘further reporting is not ant:clpated
The third section Lists recent .publicatians. " :

Readers who are interested in more, detar.l Iegﬂrdmg any item may

contact the authors of the reports who are listed in the Contents. -
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* Progress Reports

el

RADIATION. PROTECTIGN -

' Contirued Realistic Phantgm Development -
Itroduction. Continued construction of the reaiistic
* phantom for calibiation of transuranic isotope lung

e wuntersl:3 js discussed in this progress report.
Current work includes fina shaping of the torso cast, -

development of a'te chmque fo: makmg foamed plastic
fungs loaded with transuramc “isotopes, casting of
, tissue-equivalent (T.E.} organs, and zcquisition of b
‘cages-for the second. and, third phantoms.

“Torso Cast In the previous progress report3 we
noted that 2n-'importént criterion of phantom

Zonstruction is that the torso sHell:will have a thickness:

which simulates the %-ray attenuation of the chest wall
of ‘a.very thin individual, Specifically, this mneans that
the average transmission of plutonium X rays ‘through
the T.E. matzrial overlying the lungs is equivalent to
transmission. through approximately 16 mmi of lean

soft tissue. The torso cast made from :the’ cadaver '

which was the source of our first tb cage has now
been altered to the necessary shape (Flg 1). We made

the alteration by vactum forming a thin plastic replica -

of the torso contour. With the plastic shell in position
 over the plaster organ cavity cast, we mapped the space
between. The' difference between this space and the
required “chest wall” thickness was removed from the
forso cast to'yieid the final torso. “Chest plates” will
now be made of T.E. material to overlay the phantom
"to simulate differencés in human stature.

. Lung Casting and Loading. Our Plastics Shop has
. prepared 2 formulation of commercm]ly av:u]able

'Fiu.’ 1. Pluter torso model w}th s'ilfcone molds,

£

v

N

puiyurethane which will - give, us 2 denuty of
0.25 gfém3 which is equivalent to the nominal density
9f human lung The material 'we use is- polyvrethane
_feam 19400 (Black) aiailable’ from the CPR Division
o1’ Upjohn Corp. The reoommended fonmﬂauon has
been altered by our Plastics Shop. personne] to yield
* the desired density (30.0% 1940D component A,
68.4% 1940D component B, 0.15% water, and 1.45%
acetone lamhanum nitrate solution). Our secent
expérience is' that there 35, batch-to- batch variation in
- the Toaming praperties of the material, 5o specific tests
must be made before use, Figure 2 shows a cast lung
and silicone meld. We coat the finished lungs with a
thin skin of unit density polyurethane to avoid
ccmtamumtwn by radmactwely loaded lungs.

One major concerr over the foamed lungs and other
polyurethane organs, for, that matter, is the ability to

introduce " transuranic isctopes uniformly * through

finished organs. We now believe that can be don by
dissalving the isotope in nifrate form in dry acctone,
using lamhanum nitrate as- a carrer. Dry acetone is

‘ lmportant because wnwanted water aceelerates the

. polyurethane foaming prosess and alters the finished
product. At present we aze usin 3 to 10 ml of acetong
with up to 10% Jaithanum nitrate in ézch lung section.
Of course, a key.1o the Joading psocess s knowing
that the radioactive matérial (essentially lanthanum)
will be uniformly mixed through the lung volume: To
test loading uniformity, we made -2 lung loaded only
with lanthanum (ao radioactive’ waterial). The lung w
sticed along the plane having, ‘the Jargest erass: secuonal
area. Then, using a systein whlch measuzes elemental

" - p— "
Fig 2. Foumed polynsethane “fung” with slicons mcuds,

1.




N ’ Lt

[

A con»emm!wn by x-ray fluoresoence, we mapped the
* relative concentration ‘of lanthanum in the lung, The
" result is shown in Fig. 3. The measured variation, in'
ccm.en!rauon of lanthzpum through ‘the organ; volume -
is certainly acceptablr for our requu'emen!s.

Organ ‘Casts. Fabncat:on «af the sﬂlcone molds of )
_ other major organs Las been reportetibefon:,3 We have -
“ riow cast “teplicas wsing our T.E. plastic formulation -
. {43% calcium carbonate; 95.7%", polyurethane).
Flgure 4 shows the TE. heurt, kldneys and lmer‘
tugether with the actual organs.

" New Rib Cages We plan to build three phantoms
in order to meet the: needs. of the transuranic
measprcments Intercomparison program.! e have, 3
now obtained 1ib-cages for.use in phantonis 2 and'3, . 3 . 5
Although there are some differences, thé new rib cages et s ’ .
appear to [it well on the existing organ. civity mold. e o e '
“The second rib cage does”present an interesting

. cxamplé, of human znatomical variability. There is o
- ' hlfurcatlon of the cartllage that connects the third rib
o the Teft side to the sternum (Fig. 5). As a resuli,
e rib itself is unusually wide at the point of cartilage:
attashment. This kind of aberration &5 not uncommimon,
~and ‘occurs durmg embryotic  development. ' To
maintain unifcrmity ofthe three phantoms, the rib
- will be trimmed before construction, and a normal

plastic 'i:artilage replacement will be used.

Work Remammg Befoie casting the first torso. we
must make. sartilage-equivalent sey,ments arid ‘attach.
them to the, ribs and sternumn. “After casting a. lorso
without ribs to test the miolding process, we wxllmake
the first phantom torso.. We must. dlse make T.E organ
cavity filler for space not occupled by majer organs. - . . ' . {
This will include provision for-tracheal }ymph nodes. ‘

Fig. 4. Tlssue-equwnlcnt otgans shown with human

. . } counterarts, -+ .
i ! . ‘@) Liver, R - s
M « Fig. 3, Crass scetiano!’lungwml map ohchtm lmﬂmnum - (b) hearé, ard o

contcn!. ‘ o oo (c) kidneys.
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W will make a set of unloaded Jungs as well as lung
* sets, Tiver, and fymph nodes loaded with 238py, 239py

and 21Am; Finally the fist phantom will be
completed by casting T.E. chest plates to be placed
¢n the phantom to simulate people having different
body statures.

Acknowledgments., As usual, a number of people

. have _contributed to this project. We would like to

thank Morm Boyer, Robert Taylor, and the Plastics
Shop personnel for their help and interest in gll phases
of the ‘plastics work, Rl art Jones at the University
‘of Clifornia, Berieley Canipus, Museum of Vertebrate
Zoology, for his he]p in preparing the rib cagés, Ken

. - Hulet'of our Radiachemistry- Diviston for his advice
" 6n incorpotating radioactive material in the' orguns, and

Sexton Sutherland and Jenry Ritchie at the University
of Califtinia Medical Center, San Frangisco, for their
telp in obtaining the rib cages.

Calcufated Raﬁonse Matrix for a Colllmated
2 X 2 NaX(Tl) Gamms Ray Detector -

Several small Nal(TJ) detectors are now being used
8t LLL to measwre gamma-ray energy spectra for the
muepose of determining dose rates, and o “verify
transport calewlations. The gamma-ay continvum is of
particular interest here since“only a small porrion of
the tofal dose rate is due to unmscattered photons.

" Consequently, 2 simple phofopeak integration is

inadequate for our purpose. Instead, the pulseheight
response of the deteftors t monoenergetic photons.
must be determined and unfolded “from- the
pulsehieight data to provide the full gamma-ray energy
spactrum,

A code cdled GAMREDUX is cumently under

development at-LLL for the purpose of mlfoldmg "

gammartay pulse-height data. It is 8 swccessor te the

GAMSPEC code® and uses the unfolding strategy.from .
Mollenaues's GAMSPEC Due to the small nesiber

and limited energy range of available mAnoenergetic

photon sources, the pulseheignt response matrix

cannot be determined experimentally far photon
energies above about 1 MeV, The response mairix for
our system is belng caowlated using. 3 coupled
photon-clectron transport Monte Catlo code called
SANDYLS Upon completion of the response matrix
calculation, the results will be parameterized in the
form' used by Berger and Selzer.”’ A set of patameter
data is then used by the LLL code’ GAMRESPE

* {described elsewhere in this report) where a smoothed
“and rebinned matrix is produced for Input 1o the

GAMREDUX unfolding cods,
PulscHieight response of the Nal(Tl) detector is:
described, vsing the definjtlons from Ref. 7. First, the

~J’

e e 4 o pane

response function R(E,h) is given by Eq. (1) below;
R(Eyh) = 1 Ey) [ D(Ey.Eq) G(Eqh) dEy
0 .

)

whgré'l : ‘ '
R(Eyh)dh = probability that a gammaray

incident on the detector with'.

energy E, will produce u pulse
with height between L and
h + dh.

7E,) = probability’ that an  incidem
gamma ray at energy E.' will
-interact at least once in the
detector.

‘D(Ey.Eq)dEy = probability that the gamina ray, if
it interacts in the detector at all,
will deposit an anouat of energy
Eq between By and Ey + dE,.

. G{Ed,h)d.h me probabﬂlty that the deposumn
of energy E; will give rise to a
pulse with hexght between b and

) ‘h + dh
Then the pulseheight distribution P{n) is given by
Eq. (2) below for a gamma-ray differential flux, 8(E)
photons}cm s~MeV

-

P = AT f REN S &, O
. 0

I

where
= lengih of data acquisition (s)

= effective crossseetional area of detector (em?). -

Flg. 5, Qoseup of humm rlbuge showing bnfu:mnn in -
wﬁlage and rib, L

R
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" distributioh 45 binned into groups of width AE, rhen

. where

g T

If, thc pulse-helgmt dlstnbuuon is bmned into several
graitps. of width AE, and the pammaray energy

Eq 3 below relates the contents’ of these bms

pl=,zvngj-¢j~u_ e

= counts in the itk pulse height bin,

¢ 'photon ﬂux' in the jfi bin,

= the detector tesponse’ matrix. given by
Eq, @ below

‘ k -

. The Furpose of the calculations described below isto

arrive at an estimate of the deposition spectrum,
D(Ey.E;). This estimate is- then smoothed by the
resog:tlon function, G(Egh), and the -detector
response matrix R’ is calculated accordmg to Eq. (4)
ahove -

Results to Date, Calculauans for an uncollimated

3 X 3 Nal detector have been carried out_and
. eported in Ref 7. The measurements we are currenﬂy-
*" undertaking requite a coltimated detector since the

mmmzray background is often very high in the urea
where spectral measurements are cartied out, and this
background vaties significantly during the period of

: FRRTAE :l . p . ,
same’ measuréments, Consequently, the collimator

~., shown{ In' Fig. 6 is wsed to reduce the detected .

background. However, a penalty is paid for qolliniaﬁon

* bécause the pulseheight response of the detection

system:is complicated by photon interactions in the

-¢ollimator, Not- only" is there a significant

Compton-scatteted  photon intensity . from the

colhmator, but there is also kemsstrablung radiation, -

lead-x rays, and, for photons above 2 me? there is

‘ L3 keV annihilation radiation,

(At presant, the. pulse-height: response ofal k2
Nal(T}) ‘detectof located in the collimator; as shown

is. being calculated, For' purposes of calcu!atmn e
-photon source is assumed to be 2 point, monoenergetic

source “‘with umform .angular intensity over a cone
which illuminates the- collimator face to a-radivs of
10.5 em. The radius of 1l£uminanon was restricted due
{o the very large machine time requirement of the
coupled electron-photon problem (up to 3.5 hours per
problem on a CDC 7600 system for 3 X 104 source
photons) Photons and electrons were tracked until
their energies were reduccd ‘below 50, keV, at which
point their Temaining energy was deposited.” Alt
bremsstrahlung and fluotescence photons were tracked,
as well as photeelectric and auger electrons, Knock-on
electrans were not followed. Each problem consisted

-of 35 X 10% source photons. Statistics were poor

sincz only about 1000 to 1500 of these interacted in
the detector. The results were th - smoothed to cbtain
the best’estimate of the detector response,

These caleulations are riot yet complete, but soms
of the results obtained so far are given below. Figure 7

shows a plot of Py, Py and P, which are the fraction

1.0m
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of interactions in the d'eiector which contribute
naspectwely fo the full energy peak (FEP), single
escepe peak (SEP), and double escape peak (DEP).
_ Table 1 contains a tabulation of the same data. Velues

" others.”

In addinon to the photo peak and scape peaks,
thé pulsé-height spoctra also exhibit a peak due to
escape of jodine x-ray flugrescence photons and a peak
at 511 keV due to pesitron annlhilation' occurring in

the collimator for photons above 1,02 MeV, No effort,

has yet been made to characterize.the lodine escape
peak.. However, the-511-keV peak has been treated in
a manner analogous to the escape peaks, A parameter,

Py, is the ratio of counts in the 511-keV peak to the
total number of detector counts This is also plotted
in Fig 7.

Absolute peak efficiencies may be gbtained from the
product of the detector efficiency, n(Ep), and the
appropriate peak fraction :parameter Py-P,. Total
efficiency is calculated from the Nal total cress section
given by Heath!! and is plotted for the 2 ¥ 2
-detector in Fig, 8. :

of By :;n; Jn good agreement with those obtained by

EX LWL S

1.0 T TTI

| A B

(B R AN

[}

Ll e bl 2]

0.1 1 .10

E -~ Me¥
Y

Fig. 7. Peak-to-total ratics, Py = full energy pesk,
P, = single escape peck, Py = double eseape peak,
P, = 0.511-MeV peak.

Table 1. Peak fractions for 2 X 2 Nal detector

E, . n(E) LR ?, F, P,
2112 MeV Lo . 093
A5 ) 10 95
207 I 88
238 099 85
295 96 N}
332 £ )
3st 92 67
35 S0 T
413 .88 .62
450 86 59
S 82 53
583 9 A8
£09 a8 A7
662 a6 A6
J27 §71 A2
835 n 28 .
0911 .70 34
1.004 T 48 4
1.764 . 56 - 22 . 00075 0.0075 0018
2,200, TS5 19 029 019 023
2615 ) SR R A R 5] 035 040
2900 . .50 S & 32 01 < o
223 49 ' 12 2\ S0 S
an A8 A2 66 62 068
a43. Y R 090 055 038 418
5.80 ' A8 . 074 050 067 Jd82
766 .49 0037 0.063 0035 0.125
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Finally, Fig. 9 shows the calculated pulse-height

response at selected incident photon energtes, It is clear

from the figure that bremsstrahlung radiation produced
in the collimator is important for incident photon
energies above + few MeV. A peak in-the' responses
due to largeangle "Compton scattering is also
prominent for photon energies in the range 0.5 to
2 MeV.

It is clear that an innes slneld graded toward low
Z materials, would be of some benefit in reducing the -

low. pulse-height response to energetic photons. This
will be studied in future calculations. Other detectors
will also be studied, includinga 1 X 1and a 3 X3
detector in the same collimator,

We anticipate calculating resporises for the 1 X 1

and 2 % 2 detectors with and without coflimation,

- and will parameterize dhe results for comparison with
the 3 X 3 data given in Ref. 7.

Develop:riénls in 2 Combined Albedo
. Eleetrochemical Track Etch
l’ersonnet Newtron Dosimeter

Introduction. In previous progress reports,12-14 we

" have  discussed the electrochemxcal etch ~(ECE)
technigue and its potential vse in personnel neutron
dosimetry. . We have presented data on the -etching
process, 1.he subsurface nature of tracks, .and the

" monoenergem neutron response’ of ECE-- usmg, .

- polycithonate detectors. I this report we present

" further data on the eiched/ track structure, - the

. ‘phantom-mounted resporise of E(‘E samples. to

distribnted energy neutron sources, and use of the ECE"

techmque in combination with albedo donmeters for
pﬂruonnel neutron dosimetry.:

Teuck Structure. The ECE process mvolves causuc

étch of damage iralls or tracks’ resulting from.

N ol i) | Y

- movement of heavy charged partfclcs “through. a
. dlelectric’such as polycarbonate. it ECE, an ‘ac field
is ‘applied -through the sample!? to accelerate the
., etching process. The resutt is a ““ireeing” effectcaused
" by the electrical stiess, so that the etched volume in

the sample develops as treelike branches with the
“trunk” being the tiny:strface pore which allows the
etch products to be removed from the sample. As the
ctching praceeds the trée volume is'cleaned aut, leaying

~  large void under the film surface, The size of the

volume varied from track to teack, but with our etching
process, (0.25-mar sample thickness, 800-V. potential,

- 2kHz frequeiicy, 28% KOH.at room temperature) the

dosimeter is iyplcally 0.07 to 0.1 mm in dlameter
after & SHour etch:~

We have sliced some samples after etchmg to look
at the vertical shape of the tracks. Figure 10 shows

.3 comparison of the size and shape of typical tracks

for etehing periods between 2 and 5 hours. The track

“structure!of the 2-hour track i not clezr in the photo;
* however, it has been-included for size comparison, An

interesting point is that many tracks seem to have two
etched volumes in line, This may result from the eafly
etching process in the track near the surface allowing
etchant to enter a second damage trail deeper in the
sarnple.

In a tecent paperlS it has been noted that tracks
etched with equa] parts of ethyl aleohol and 28% KOH
are ‘muchk larger than .those etched only in RUM
solution. We etchod some samples under both
conditions, and the tracks using ethyl alcoho! and KOH
are indeed much larger than those with KOH alone,
However,” the background - with the combination
solution is “alsc much higher, and is totally -
unacoeplabla foi‘ our purpose. It is interesting, though,
1o eompare the track shapes from the two PIOCESSEs,
Figure 11 shows that the combination etchant yields

 a track that is much more tree-shuped than tracks from

the KOH dlone.

Neutron Response Stusies, The ECE technique with
polycarbonate detectors is insemsitive to neutroms
below about 1.5 MeV.11 It cannot be used 25 a
full-¢nergy-range uosimeter. In-addition, the etching
“and countmgp acess does not lend itself well to the
automation reqaired of a facility using many personnel
dosimeters; It does, howeve,, represent an attractive
uddition to widely used albedo dosimeters. Albedo

-dosimeters, thoiegh sensitive and easily automated,
have- a doseequivalent sesponse that is highly

spectrum«iependent and elatively insensitive to fast
neutrons. Polycarbonite foils can e added easily to
many existing -albedo dosimeters. If processed only
when there is a positive response on the automated
TLL ajbedo detector, they would represent a much
‘needed fast neutron’ component for the dosimetry

.
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sy¢tem In addition, we have prevxous]y shown!3 that
the ratio of tracks on two sides of an ECE samiple
is dependent on neutron direction. Use of ECE in a
personne! dosimetry could pravide infarmation on the

orientation of the wearer that would be very valuable .

in the detailed investigation, necessary fouowmg hlgh
exposuses.

We have made nettron irradiations using water-filled
phantoms tc stndy the performdnce of a combination
albedo-ECE  dosimeter.  Hankinstype  albedo
dosimeter1® and polycarbonate samples were placed
. on the front ard back of a stationary phantom as well
* as-on one side of a tumntable-mounted phantom that
Totates at 3.7 rpm. Sets of dosimetess were itradiated
with the center line of the phantom at | m from the
source. The sources used were 292Cf, 238PuBe and
14 MeV nentron from a laboratory neutron generator.
In addition, we made imadiations with. the 252Cf
source in spherical mederators: 10-cm polyethylene,
25-¢m water, 25-m D0 and 20-cm Al (dimensions
seft: to sphere radius), The duse equivalent ¢_ each
frradiation was nominally I rem. The dose-equivalent
vaiug was taken as the average of the dose equivalent
determined oy multisphere measurements and discrete
ordinates computer calculations,

TLD-600 from: the albedo dosimeters were read and
evaluated by people in our Personnel Dosimetsy
Group. The data have been corrected for pamma
background using neutron-insensitive TLD 700
crystals. The response is presented in terms of 69Ca
equivalent rad. The ECE samples were counted with
a microscope under a magnification of 100X. Lower
magnifications can be used for gross counting, but
100X is neéded to see the tracks on each surface
separately so we can detepmine incident to
exit-surface-track ratio. We counted 7.2 cm?, but ECE

1esporise i given in irack density from tho sum of both

surfaces. )

The irradiation results are summarized in Table 2.
We notice that the dose-equivalent response’ of the
albedo detectors s severely dependent on the neutron

-

spectrum, which reflects a bagic problem with that -

type of dosuicter. However, we can wse the
relationship between albedo and ECE response to
predict the alliedo «alibration factor, In Fig. 12, the
dib>do respons- has heen ploited agamst the ratio of
ECE to albede response.
least-squares fits caleulated with a common pocket
caleulator. The fits have been obtained withiout the
aluminum-moderated data because’ even a combined

-ECE-albedo system would not be able to predict the -

proper  albedo  dosimeter
etglmoderated source,
" The fit for each set of data'is of the foml

tesponse  to_ -a

The lines represent -

InA=3a-blinB whee A is the albedo tesponse’

+ and B is the ratio of FCE to albedo response. Table 3,

_summarizes- the values of a and b, It i interesting, but
not too surprising, to note that the dopes of the lines
fitting response of the rotating phantom .and the
front-mounted dosimeter on the stationary phantom
are almost the same. This is because almost all of the

_ECE response on the moving phantom occurs when

the phantom faces the source. The fits described here

wre simple and ae intended lo demonstrate a
relationship. More detailed work will be needed to
défine the proper relationship. .

If we were to use the data on the three curves
accutately, we need to know ihe gzometric condition
of exposute, Information 16 help an this problent is
available: » from  the” ratio of incident to
exit-surface-track densities on the ECE foils. Table 4
summarizes the values of R, the-ratio of airside to
phantomsside track deusity on the phantom-mounted
detectors. For fission or medsrated spectra, R is clearly
greater than 1.25 for frontal exposures and less than
0.5 if irradiated from the rear. For neutrons above
about 5 MeV, . the differences become less clear. A
Tatio of about one for fission-generated neutrons would
suggest that the exposure was more isotropic than

" unidirectional.

Summeary. The data presented here strongly suggest
that addition of the fast neutron semsitive ECE
polycatbonate deectors to an albedo personnel
dosimeter can improve our ability to estimate the dose
equivalent received by the wearer. The ECE provides
a second detector with a sipnificantly different
mesponse than the albedo badge so that an estimate
of speciral quality becomes availeble. In addition, ECE
_provides oricntation information not otherwise

available, Of course, other fast neutron detectors such .

a8 NTA film or fission tract detectors would also
improve -the use of albedo dosimeters, but Jack the
ability to determine orientation.

Acknowledgments. | wish to thank Leroy Davis of
our Special Projects Division for etching the ECE
samples, Dale Hankins of our Radiatien Safety Division
for his help with use of the albedo dosimeters, Card
Sundbeck of Radiation Safely for processing the
albedo dosimeters, and Wade Patterson for the
computer-caleulated dose-equivalent estimates.

GAMRESP: A Computer Code to Colculate
Nal(Tl)} Gamma Detector Respons: Mairices

We have written a program to calculate Nal detector
responses  using parameterized response tables as
discussed. by Berger and Seltzer.!? The ‘parameter
tohles aceount for escape, peaks, fodine .wnd X-ray
escape, multiple scattering, and bremsstrahlung.

T e —



Table 2. Response of albedo and electrochemical etch (ECE?'lpulycarbonate'
i detectors' to distributed energy neutron sources
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Cocaldied{ed b WIL . .

GAMRESP calculates the response at a series of
input deposition energies for each source energy as

R(ELEq) =1(Ey)

-3
-[.w

D(E,.E,) GEq B - Eyp) dEy,

®)

where:

: R(E,,,Ed) is the fma calculated detector
tesponse matrix in counte/MeV
per unit incident flux,

n(Ey) is the probability that the incident

gamma ray will have at least one
interaction in the detector,

D(E. E;) is the probablhty that the gamma

1y will deposit sn amount of

enurgy between Eq and Ey + AEy, -

G(LgEy - Eg) is  the Gaussian  smoothing
function to distribute the response
spactrum to the proper resolution
of a particular detector,

Eyis the imput array of soure
energics,

Ey is the input array of deposition
energies (one amay per source
energy).

" An intermediate response R(E.,,Ebl is caloulated using

200 equally spaced energy points, Ey, up io

D(E,y,Eb) is caleulated in two parts. First, the

appropnate intensities are placed at Ey, E’.ymc2

E.,;ch and Ey- -29 keV when applicable. The peak

values are chosen by interpolation from 2 peak
parameter table. Second, the Compton continuum is
added to the spectra. Each point is' found by
interpolation of a continuum parameter table. The

Table 3. Constants for the
equation in A = {a - b) In B cmermmm

a b
Stationary phuntom, front 253 0.736
“ Rotating phantom 1.61 0,705

Gtationary phantom, rear - 0941 0.369

-

peak and continuum parameter tables are normalized
to give response in units of counts' per incident photon.
The response spectrum is next multiplied by efficiency

. [n(Er)] at E,}. Efficiencies were' obtained from the

polynnmla]

1(E,) = 0.8 - 0423 log o Ey + 0.076 (loggq Ey)?

+ 0.30? uong,,ﬁ

- 0.U18 (loggg By}t Ey > 200 keV (6)

n(Ey) = 1.0 Ey < 200 kv (7)

This polynomial was obtained by- fitting a table of
3 X 3 efficiency values.)?

G(E4,Ey - Eq) is the Gaussian smoothing function
applied to R(E,,Ey). The resolution (FWHM) of the
Gaussian is determmeu from the input parameter
RU 66 (resolution of the detector at 0.661 MeV) oy
the relation in Ref. 17,

Resolution = Ry g, (0.661/E,)0-34.

. The Gaussian smooth retains the area to wxdun 1%,

The final smoothed response R(E,E;) is
constructed by interpolation from R(E ,Ep). The array
E., and the mamx E4 may be mut or calculated
mtgmally K

Table 4. Ratio of track density én gir side to phaniom side of ECE

polycarbnnate samples

Stationary phantom

Rotating phantom

Source Front Rear R .
2820p ST 94’ ‘ 19
Cfin 10 em CH - 20 03 ' L5
F in 25 om H,0 T3 04 08
Cfin 25 om D0 . L8 Sn702 ’ . 69
Cf dn At Y2l - 02 S T
38pyne ' o1 o7 _ < il
14 MgV, 10 ‘
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Fig. 13. 3D plot of caleulnted 50 X 50 esponse matrix.

dlibig;

A plotting package is included in the code to display
the respons: in various configurations.

Figure 13 shows a three- dimensional fog plot of a
calenlated SO X 50 response matrix.

1 MeV(E,y <19 MeV 1 MeV < Ey:< 10 MeV

+In this case, equally sﬁaced valugs of E.'y‘and E were

chosen for ease of plotting.

If desired, any set of F, and E; may be chosen

in the vange of 50 keV to 10 MeV, Any size matrix

may be chosen {even non-squere) wp to 163 X 100,

At this writing, only the peak and continuum
parameter:tables in Berger and Seltzer!” are being
uszd, but a photon transport code SANDYL i being
i to caleulate peak and contimium parameler fables
for 1 X 1 and 2 X 2 Nal detectors with various
geometries, and will be incorporated into the code.

INDUSTRIAL HYGIENE -

Performance Reliability of Seli-Contained--
Breathing Apparatus Exposed (Stored)
to Vorious Temperatures

Introduction

This study was undertaken to determme lhe adverse
offects of storing self-contained bre«tlung apparatus’
(SCBA) in temperature_extremes that can. accur in the
diverse operations of Hazaids Control, For exnmple,
Fire Department SCBA is stored in comparfiments
Jocated on the fire engines {or on trucks) ai the
Livermore site and at Site 300, This equipment is
exposed to ambient alr’ temperatures in_ éxcess of
37.8°C (100°F). At the Hoe Creek. Coal Gasification

- site in Wyoming, SCBA have been stored in unheated

buildings that dun'ng .the winte; months reach
temperatures of -46°C (-50°F). Temperatutes of 46°C
{-50°F) are also. experienced during air ,sh:pment of
SCBA in unheated aireraft cargo holds: .

Tt is suspected that environmental temperatures may
be related.to maintenance preblems experienced by the
Respirator Branch of - Hazards Control, and to
malfunctions found occasionally at . field sites.

Main*:nance of facepieces (facepiece lense sealing and

mubber  deterioration) s unusually high at the
Livermore site and Site 300. Air cylinder leakage has
been found in SCBA, stored at the Hoe Creck operation
and those shipped by air freight.

To isalate and identily the effects of temperamre,
complete fully charged SCBA were placed in an

12 T

environmental chamber with controlled temperatures
and humidity for definite time periods. A visual

. inspection of the apparatus and the major components

was made after cach exposure. The device was then
donned and-‘operated to make a snbjective analysis of
performance, ©

The SCBA tested were as follows:

" @ Scott Air Pak (6000 series)

® Scott Air Pak II (5000 series)
® MSA Air Mask 401 w/Clearvue
facepiece
@ MSA Air Mask 401 w/Ultravue
facepiece ‘(silicone)
& MSA Air Mask 401 w/Ultravue
“facepiece (Hycar rubber)
-8 US. Diver’s Survivair
(silicane facepiece)
& U.S. Diver’s Suwvivair (neoprene rubber facepeice)
& Robert Shaw (formerly Lear Siegler) S-minute
escape capsule

'Cold Storage SCBA Test
Visual Inspection. Each of the SCBA were placed

“in the environmental chamber and exposed for

24 hours at -32°C (-25°F). After the exposure, each
device was examined for defects, and the following
observations wer¢ noted for each SCBA configuration:
® Scott Air Pak (6000 series)
~dir - cylinder empty (pat No, 6102-
- IcC No. 34A-2015)
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- — exhalation valve diaphragm
collapsed and frozzn
— regulator valves frozen .
shut :
— lense shattered when acc:denvally dropped .
— faceplece very rigl (hard), -
edges sharp '

Tigure 14 demonstrates the frizbiljty of the Scott
6000 series facepiece lense. when stored 4t -32°C
(-25°F). The facepicce on the left shattered ‘when
accidentally dropped during examination, The other
facepiece was deliberately dropped to verify the
friability of the lense material,

® Scott Air Pak 11 (9000 series)

~ air cylinder leak (690db pressure Ioss)
— air legk at inlet to
regulator
- exhalation valve diap}uagm
" collapsed
-~ facepiece very rigid (hard)
2 MSA Air Mask 401 w/Clearviie
facepiece
~ breathing tube ey rigid,

low flexibility s

~ main line valve leakage at
segulator
© MSA Air Mask 401 wIUlh'avue
facepiece (slliconz) '
— breathing tube very rigid
— regulator control valves (main and bypass) hard
0 operate
© MSA Alr Mask 401 w/Ultravue
facepiece (Hycar subber)
+ — breathing tube very rigid
0 US. Diver's Survivair (silicone facepiece)
— nosecup valves unattached
(see Fig 15)
— breathing tube sigid
o US, Diver’s Survivair (neoprene rubber facepxece)
— facepiece edges shatp and stiff
— breathing tube rigid

© Robert Shaw (formedy Lear Sxegler) Sminute

escape capsule

— hood stiff

~ hood breathing tube connection bmﬂa, breaks
exsily when unfolding

Figure 16 {llustrates the breakage experienced when

we tried to unfold the air capsule stored at -32°C -

{-25°F). The breakage occur <0 where the breathing
tuos adapter i fixed (heat-sealed) to the plastic hood.

Donning Test. After a 2-minute visul inspection,
each unit was donned by an experienced SCBA user
to determine facepicce fit during an initant smoke
tube test. Filting cuality is summarized in-Table 3,

.

The test subject experienced noticeable throat end
chest discoafort while breathing the chilled, diy-
compressed air. As a result of this, the wearing time
of each unit was limited to 34 minutes. This
discornfort made It difficult to assess accorately what
was described {by the test subject) as sensation of
testricted gir flow and increased exhalation resistance.
These - factors. 'will be further examined with
instrumente bench test procedures, using 3 breathing
simulator, dusing the neXt quartar,

Additional tests will be conducted to determine the

“frequency and cause of ai cylinder leakage dw' to cold

iemperature exposures. .
For the present time it is recomniended that SCBA
ait cylinders, air shipped andfor stored at sites with

. temperatures below 0.0°C (32°F) be inspected on

arrival or daily when such a condition exists.

Hot Storage SCBA Test

The SCEA were exposed to ambiemu air
temperatures of 65.6°C (150°F) and 93.3°C (200°F)
for one-half hour'each, and donned by experienced
SCBA users. The exposure duration was lirited, and
it was not determined if the SCBA components
reached temperatore  equilibium. A lack of
information and experience with these exposure
temperatures dictated that a prudent policy of caution
be followed. The results,. subjective in nature,
idemtified the potential (aud some real) problems that
uwe to be examined more thoroughly with
instramented  test procedures using a breathing
simulator,

. In general, it was observed by the test subject that
the black-colored facepicces, particularly those having
the greatest mass (and accordingly the highest degree
of heat retention) were the most uncomfartable upon
contact with the face. The lighter weight and lighter
co]ored {blue and yeltow) silicone facepieces did not
gite this impression, All of the facepieces except the

y 1\ L U

Flg. 14, Scott 6000 Serits mosks stored at 32“
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Fig, 18, .S, diver’s Suivivelr with silicona facepiece.

"Seott Air Pak (6000 seriss) yrere more flexiible at these

high temperatures, and appeared to fit with less head

~ harmess tension. The 3cott Air Pak (6000 series)

facepicce lense flattened out at the 65.6°C (150°F)
exposure level, causing the Jense and facepiece to
separate. It should be noted tiiat most of the SCBA
manufacturers warn_against exposing facepieces o
temperatures abwve 140°F. However, this is not an

_ uncommon expenzace for a firemar fighting a routine

fire for periods of 10 io 15 minutes. At higher
temperature, most facepiece lense material (plastics)
will return to the shape (flat sheets) in whlch it was
orjeinally manufactured,

The silicorie headbands of the silicone facepiece
Suvivair SCBA up*t become softened at 65.6°C
(150°F) and siip through the retaining buckles on the
facepiece, preventing the facepiece from fitting firmly.
The shore durometer numbzr (softness) of silicone
decreases with increasing temperature at  rapid rate,
maldng it an undesirable materidl for use as a head

Fig. 16. Robert Shew Seminute escapé capsule.

i

harness wﬂere.it,is Tecessary to maintain 2 steady
tension. The neoprene and Hycar rubber head hamess
material did not exhibit any noticeable softening

_andfor shippage.

It is recommended”that all facepieces (silicone or
rubber) be equipped with neoprene or rubber-blended
head harnesses for reliability at al! temperatures and
greater overall durability.

All of the SCBA tested demonstrated a tendency
for the breathing regulators to be-increasingly noisy
a5 the air temperature at whick they were stored
increased. This characteristic is believed to result from
softening and stretching of th: breathing diaphragm
housed in the regulator. The woisier regulators were
those having silicone rubber breathing diaphragms. This
nolse (honking) interfered with the user's ability to
communicate,

Breathing tubes (all wers made of rubber
compounds) of all devices tested at abov ambient
temperatures (65.6°C ard 93.3°C) softensd and

Table 5. Fitting quality of SCBA facepieces equlhhrated to -32°C {-25°F). Test

medium:  MSA trntam smoke tube?

a

Fncépiece tested

Qualitative fit test result

Wesrer’s comments

Scoft Aie Pak 6000 series

Scolt Air Pk I1 90 9000, serica

MSA Alr Mastc 401/Ciearvuo-

MSA Air Mazl: 401/Ultrvoe (smcnnc)

MSA. Air Mack 401/Uliravue (l[yc:u rubbur)
.S, Diver's Survivair (silicone (aceplece) ‘
"US, Diver's Survivair (neoprent facepiece)
Robest Shaw Seminute escape capsule

Leak Extremely uncomfortable
Rigid, sharp cdges
. Regulator noisy
Leak " Rigd
‘ ' Regulator roisy
No leak Ditficult exhalation
No leak - Diffieu]t exhalation
. No leak. Difficult exhelation
- No leak . Regulator nolsy
No feak - Regulator noisy
Inoperable - .-

The test subloct passed ‘th‘e irrilari‘t smoka fube fit test with all the SCPA equilibrated -to room temperature.
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stretched considersbly, This suggests that the airflow
characteristics of the air supply regulator ‘may be
reduced in volume, resulting in an incrensed inhalation

resistancd for the user and accordin;ly, a potentially

Higher rate of facepicce leakage.

The most obvlous conclusion drawn from these
qualitative heat"exposure tests of SCBA.is that the
construction materials of the SCBA components are
the Timiting factors In the reliability and safety-of the
device. y Laboratory test methods are mow under

development o establish the stability of individual -

components and operating reliabllity of SCBA exposed
10 heat stress (air temperature and radiant heat). The

components to be tested individually are as follows:

© Facepiece body
# Head hamess =
© Faceplece lense (and lense covers)
® Exhalaton (and inhalation) valves
@ Nose cup
@ Speetacle mounts
© Breathing tubes and fittings -
© Regulator housing
— breathing diaphragm
— internal seals (Qwrings, washers, etc.)

© Back-pack harness materals (belting, buckles,
fasteners) .

¢ High-pressure hose assemb[y

® Aircylinder valve assembly .

® Surfece finishes (paints, plastics, etc.)

Initial tests using the tadlant heat source from the
NFPA #258 test procedure will be performed with
cach of the above components at increasing increments
from 0.1 to 3.0 g caljem?/s. Ait temperature studics
will be conducted over a range of 65.6°C (150°F) to
1000°C (1800°F). Thess pasameters reflect the nomal
to exireme thermal erivironments encountered in fire
service operations.

SCBA Communications Study

Purpose. This study was conducted to aﬂdﬁe and
evaluate the voize transmission quality of the SCBA

fubface masks for fire service and emergency .

applications. The nine -SCBA/fullface mask
. combinations Usted below comprise the brands and
configurations tested.
© Scott Air Pak 4.5 )
@ Scott Air Pak — 6000 series
© Scott Alr Pak Il — 9000 series
© MSA 401 Air Mask . ¢
— Ultravue facepiece (sllicone)
— Ulttavue focepiece (hymr rubber)
~ Clearvue facepiece -
0 US. Diver's Survivair .
— silicone faceplece
- neoprene facepiece

L] Globe GuardsmanySierra. facepiece

I- addition fo evaluating the SCBA " voice
transmission, another series of tesis was conducted to
examine the techniques (use practices) by which
hand-held transcejvers can be used effectively by SCBA
users. o oo
Voice Transmission Clarity versus Distance. This test

" series was performed by donning the complete SCBA
" and recording the normal talking voice of subjects

reading a script at increasing distances from the
microphone,  Evaluating the transmission was
accomplished by listening to “a playback of the
recording and rating: the transimission clarity,
Recording and playback aniplification of the tape
recordér was held constant. The test subjects read the
seript at a normal talking sound ievel. For the first
reciiation, the microphone was held against the lense,
for the second test at 25-mm in front of the facepiece
and finally directly in front of the test subject at a
distance of 0.3 m., .

Table 6 lists the voice transmission clarity ratings
a5 judged by listening to the playback of the tape
recarder. A rating of 1.0 is the highest and indicates
total clarity; 2.0 is audible or understandable with
glther resonance or muffling; 3.0 means barely audible,
resonant andfor mufffed but undsrstandable; 4.0 —
barely audible, resonant ard muffled, requires effort;
and 3.0 — totally jnaudible. The ambient noise level
for these tests was 70 +'2 dBC.

(AU of ‘the facepicces provided audible voice
transmission when the microphone was held in contact
with the facepiece lense, Thae was, however, a
noticeable resonance (vibration) from the Jense of the
6000 and 9000 serfes Scott facepieces. The' silicone
Survivair faceplece had 2 noticaable- resonznce, while
tae neoprene Survivalr did not. This suggests that
pérhaps the faceplece hody. of the neoprene Survivair
provides a more stable support for the lenise.

When the- microphone was held at a distance of
25 mm, all of the facepieces were sble to transmit
voice with clarity, except for the Scott Aviation 6000
series, The Scott 6000 had a decided resonance thet
reduced elarity significantly; however, it was audible.

At a distance of 0.3 m (with a 70 £ 2 dBC
background}, the Scott 6000 was muffled and
inaudible. The Scott 9000 was also muffled, but

oceasional words or phrases were audible. The silicone -

Survivair was barely audible;
The only facepiece to’ transmit voice nudlbly ata
0.3:m distanee was thy MSA Ultravug, which is the

Conly facepiece tested that has a builtin speaking

diaphragm, The value of the speaking diaphragm is very
gvident on recordings. made at a distance of 0.3 m.

This test serles indicates that the heavier facepieces
(Scott 5000 and 9000) ore ledst desirable from a

15
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Voice Transmission Rating Method (l.D Is Jnghesl tating).

" SCDA " g * . Cotaet® 25 pn® 03 md Comments
" Scott Air Pak - - 6000 series 2 10 50 ‘Noticeable muffled transmission at 20 fe -
Scott A Pak il 9000 series - 28 W50 Maffled oceasionaly inaudible at, 303t
Scoft Air Pak 45 4.5 stries 1.0 10 + - 30 - Muffled and resonant at 10 £t __
MSA 401 Air Mk Uttmwie (dlicony 10 120 Som tesanance at 10 ft .
. Ultrvue (Hyear) - 1.0 L0 20 ., Som¢ resonance at 10 ft
Cleavue . . - 10, 10 30 . At 10 fi clear but low vulume. some
o T e ) mulBing .
Suvivar . Silicone . 20 S X I Y Resonnee and mufiled of 10 it
" Neopene -+ 1D, 16 20 Mutfled but cleas
Globe Guardsman ~ Siema (ncoprcne) i '10 . Lo 20 Mufiled but clear

1.0 Audible ~ elexr andl distinet, no  liculty to unders[:mrl

20 Aufible - dighlly Tesonant of muffled.

3.0 Barely audible ~ resonant and/or muffled but understandable,
4.0 Barly andible with effort ~ muffled and resonant

5,0 Inaudible ~ not understandable.

ahvcrugc of two ratings,

hMicrupt-mnc held against the jense.
“Microphone held 25 mm fram facepicce. ~
dMicwphunc set in place 1.3 m fro"m subject.

communications standpoint. With the Scott Air Pak
4.5, the volce is definitely more audible than with its
predecessors (6000 and 9000 facepieces), but is rot
as audible as with the MSA Uliravue equipped with
a speaking dja phragm, The Scott 4.5 facepicce appears
to be equal to the Globe Guardsman, Survivair, and
MSA Clearvue facepicce with respect to voice
transmission quality.

This 1est series suggestcd that it is possible to use
radio communications with SCBA facspieces provided
that the transceiver is held against the lense of the
facepiece. To examine this method of operation,
further tests were conducted: (1) holdiig the
microphone 25 ram in front of the facepizce, and
{2) holding the microphone against the lense while
maintaining a noise level background of 90 dBe.

'

With all of the SCBA facepieces with the exception
of the MSA Ultravue (with a2 builtin speaking
diaphragm) the voice was' inaudible with the
microphone held 25 mm from the facepiece. The
voice was clearly audible ahove the 90-dBC noise
buckground with the MSA Uliravue facepiece.

“ With the microphone held directly against the lense
of the facepiece, all of the SCBA units were able to
transmit auuibly despite the 90-dBC background.

Field tests were conducted with fire service
personnel {I LL Fire Department) and field radios to
evaluate the technique of holding the microphone in
confact with the facepiece lense. [t was found that
by removing the protective Jeather case and holding
the two-way radios directly apainst the lense, effective
- radio communication was readily achieved.

Nesttron Spectroscopy in the Enérgy Range‘

" 0.5-20 eV Using a NE 213 Seintill2tor

Introduction. Several earlier progress. reéportsis-20
‘have described our effort to make neutron spectral
seasurements in the ficld. For rieutcon energies in the
range (5-3‘MeV,"duta fiave been_obtained ising a

combination of hydrogen proportional counters and |
counters. Lliquid scintiflation

I

detectors (NE 213) were used in the energy ranye
220 MeV. We have met with very limited success in
the past because of the low semsitivity of the
" proportional counters, the variablhty of the 3He
response functions with counting conditions, and the
limited useful energy fange of the seintillators.

Liquid scintillation detectors’ are capable of high
sensitivity and, with good pulse-shape discrimination
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(PSD) to suppress analysis of gamma ray Interactions, .

heve a2 highly rteproducible responge, Recent
improvements in our pulse-shape discrimination system
have extended the useful energy range of the NE 213
detectors to 0,520 eV, As a result, reliable field
measurements ‘may be made over this range with a
tingle highly sensitive detector, These date, together
with those obtalned using & -single ‘Jarge hydiogen
proportionel counter, allow field measurements of
neutron spectra over the energy range 0.05-20 MgV
at neutron intensities which yield a total dose’ mate
peater than about 0.2 mR/be.

Neutrons interact in 2 NE 213 detector by elastic

: scattering with the hydrogen and carbon nuelei in the

organic Hquid. Recoll protons cause the Liquid to

Datector

-
I
!
l
|
!
__l
1

scintillate, and ‘the Nght output s detected by a
photomultiplies tabe, Unformmaielv, the relation
between recoll proton energy and light output is highly
nonlinear. Consequently, the light output due to
protons whose energles are in the range €.5-20 MeV
varies over the range 0.004-1.0, a dynamic range of
about 250:1. Qur previows PSD system?® performed
reliably only over a'dynamic range of ebout 20:1 so
that neutron and gamma interactions were not
distInguished at neutron epergies below about 2 MeV.
Recent impravements, déscribed below, hav increased

the dynamic rgnge to 250:1.

An Improved PSD System. Figure 17 shows a block
diagram of the PSD system cumently in wuse.

_Electronics bin

Fig. 17 NE 213 cpccuomnla gyttom.

] ;____,__;;___J
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Commescially available NIM modules have been- used

. whetever possible, The most significant difference

between -this system and its predecessors is the use of
crossover timing rather than direct decay or risetime
wensucerment. A finear signal developed at a very early

‘ “dynode on the RCA 8575 photomultiplier s
donblz-delay line shapaé, and crossoves timing is vsed

1o distinguish neutron and gammaray intezactions,
Pulse shape is determined by -analyzing the time
difference between the start of 1he light . .ouiput
(detected at the anode of the M 1ube} and he zero
crossiug of the double-delay-line shaped linear signal,
using & tine-toamplitude-converter (TAC). Thus, the

TAC output is selated directly to the risetime of the
linear signal. Expansion of the dsetime range i

obtained by delaying the TAC start signal- about
800 rs ¢nd increasing the TAC gain so ‘that time
differencss on the crder af 50 ns produce maximum
outpr,

Optimum ny dzscnmmatwn is obtained when the
anode of the PM tubs is driven to saturation, producing
an output with a steep leading edge. This requires that

3000 V be applied. The anode signal is then matched |

tu the low impedance transmission line  using a
preamplifier. A charge-senisitive  preamplifier - was
choten becanse of its low noise. The preamplifier
output is terminated in a shorted 20-ns length of cable
which returas the output 1o basetine: This sipnal is
amplificd in a timingfilteramplifier operated at
neat-minimum gain to prevent spurious start sipnals
due to cverload pulses. A’ tunpel diode -discriminajor
senses the start of the anode signal and. produces a
signal which, after suitable delay and inversion, is used
to start the TAC. ft is importdnt t2 not allow the
timing filter amplifier tu be driven to averload since
its recovery from averload is slow and accompanied
by spurions outputs. For field work, great attention
must be paid to the temperature stability of the 80kns
delay line and “f de level at the input to the tunpel
diode discriminator. ‘

The linear signa] is derived from the eighth dynode
of the PM tube as succeeding dynodes are observed
to produce nonlinzar output for the largest light pulses.
A charge-sepsitive preamplifier is vsed to increase the
signal-to-nolse ratio on the transmission line and for
impedance matching, The inear output is- passed
thrcugh @ double-delayline amplifier producing a
bipolar eutput whose zefo crossing is detected by the
crossover pickoff, At the time of crossover, the TAC
is stopped and an.output is generated which is
praportional to the time interval between start and
stop pulses. )

Linear sigoals are also Gaussian-shaped for
pulse-height analysis, Thir allows system gain changes
to be accompliched easily, without retining the PSD

system. In “addition, the Gaussianshaped outpm
provides better linearity in the pulse-height spectrum
and relative freedom from spurous signals due to
overload when compdred to our earher configurations.

Conclusion. A sys(em whose cor ﬁgumugn isshewm

. m,Fzg. 17 has been ur2d for both labaratery and field
measurements  of nmeutron  spectra,  Laboratory

measurements have been made routinely it the energy
range 0.5-26 MeV, anc Jur experience has shown the
system to be reliable: Field meagures 2nts have proven
more difficult. Temperature variations from 043°C
have cavsed failures, and frequently cause drift in the
dc levels as well as in the delav iines. Use of RG-56
coaxial eable for the delay hnes ‘has rzduced the Jrift
in-the crossover time dlstnbuuon tut this remains 2

* significant concern. Drift in the du levels has been

reduced throuph the use of capasitor coupling to
isolate system modules.

Transmission. Anode X-Ray Tube Development

The developmant program for transmission amode
x-ray tubes (TRAX)2 23 has recently concentrated on
characterizing the performance of sputtered largets, as
compared to .metallic f6il targets. As reported
carlier;?4:25 spuntered targets offer several advantages
over foils: (1) better heat dissipation, (2) better
mechanicu stability (freedom from *ofl-cauning’"), and
(3) the availebility of farget elements that are
unavailable. as foils. Howover, we suspected that the
pbysmal separation of the beamn spot from the
filter/cnverter foil and the massive beryllium suppart
might well degrade beam purity and intensity.

To recalve these questions, two silver target tubes
were constructed — one sputtered, one fou — and
their performance was carefully measured. The
{ollowing paramefers were observed:

1. Intensity versus accelerating voltage and

current

2. Intensity versus distance, with a varety of

collimatars

3. Beam purity, with 2 variety of exiernal filters

4, Beam uniformity

5. Vacuum performance

Figire 18 shows beam intensity, in
mR/min/100 | A, for both tubes, each with varous
external filters and operated at ieveral voltages. Note
that with littl or ro filtration the foil tube has highez
intensity, but that as filtratioa is increased the
difference detreases until, with the most severe filter,
the sputterel target is slightly highe.. This
phenomenon, 3s yet, is not explained; however, it
makes litile practical difference in tube Lse.

Beam .intensity varies with distance, of course;
Fig. 19 shows typical dose rate versus intensity curves




Fig. 18. Total intensity versus KV for several 10 T =
external filiers. - Ag-foﬂ tras O——C
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for both tubes, Intensity also varies with collimator . in the collimator diameter rrmlke feirly large changes

. size. This s due to the Intensity contribution from * * in the number of photons which enter it. A

scattered radiation, Since the inpnt end of the considerable fraction of these are then scattered into

‘collimator is quite ¢lose to the target, small changes the useful beam. At these low energies, the coherent
' o o : I8
T . , .
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Fig. 19, Intensity versus distance, slver target TRAX 50 KV,
#p extzmnal filter, (05 X 1 in.) collimator,
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" scatter cross sections ate from 10 to 100 times larger

than the Compton cross sections, so litde change in

spectral distribution is-noted. Figure 20 shows this -

effect for the sputtered target (the f6il target was
essentially identical) which amounts to neardy 2 100%

increase itt ntensity when the bore is changed from *

12 10 21 mm (1/2 to 7/8 in.).

Beam’ puiity for the two targets was:measured by *
Joperating at low power levels and looking down the
;s of the beam
"9 mm® X 3 mm Si(Li) detector. The resulting
spectra . veere carrected for detector efficienéy and: -
. cornparcd — they were indistinguishable. Figures 21,

“with a  highTesolution

72 and 23 show :representative’ spectra w1th three
typlcal filter combmatmns

e
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Ffig. 22. Qutput spectram. Silver target TRAX (sputtercd),’
50 kv, 0.0024n. Rh filter,

Beam uniformity and beam diameter are important
parameters for practical use of the tubc, A large area
of equal 2llemination permits simutianeous exposuze
of many TLiss, ¢r a uniform dose to a large deteator.
To measure these parameters, we exposed sheets of
radiographic film tr the beam, had the images digitize
by a scanning micio-densitometer, and gener .4
contour maps and ctoss seetions which accu._stely
describe beam size and uniformity, Table 7 relates
beam diamster to collimator size and distance §r both
tbes, There was an interesting contrast in beam
uniformity between the two tubes. The foil tube
thowed excellent uniformity and symmetry in the
beam. Figures 24 and 25 show a typical contour map
and cross section, respactively, The beam is within 3%
in both the horizontal and vertical planes. Figure 26
is the same data presented isometrically. The sputtered
tube, however, demonstrates 3 marked asymmetyy in
the horizontal plane, Figures 27, 28 apd 29 show a
cositour map and the two cross sections. So far this
phenomenc: is unexplained, and will probably remain
so until th: tube is disassembled. Gne.can suspect
either mis2’mnment of bean spot and collimator or
physical distortion of the converter fol, but proof is
yet lacking. Even with this asymmetry, though, the
mtensxty is upiform within about +10% in the worst

. CESES

Finally, wc were concemed about outgassmg
behavior of the sputtered target, Since it is
mechanically more complex, more gas-trapping sites

“The whe wis later dissssembled, and the target was found
to have moved.roughly 3 mm (due to ax‘al loading on the
high-voltege feed-through from the cable connector). This
easily aceounts for the afymmetry, and will be corrected in
future assemblfes.

Intensi ty — arbitrary units
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Fip. 23, Output cpecurum, Silver target TRAX (sputiered),
50 £V, 0.0C34n, Rh + 0.005-n. Ay filter,

exist and we anticipated problems when running at
high power. Happily, these probleme do not séem to
he of practical importance. Operation at 50-W input
(the highest sustained levels yet attempted) have showm
pressure rises that were within the acceptable range.

On the whole, then, the sputtered target performs
‘n much the same way 25 the foil target, The slight
loss of intensity has little impact upon normal
operations and the beam asymmetry, while perplexing,
is not gross and will probably be cured in the hear
future, .

‘Table 7. Beam diameter as a function

of collimator size and
distance {meesured

from film}
Collimator Beam
Distance diameterflength diameter
{cm) (mm) (cm)_
10 None 9
127 5
127 % 254 33
16 % 286 38
19.2 X 286 4.7
224 X 286 5.8
50 None ~40
(oft Gilm)
12,7 18
12,7 X 254 10.5
. 16 % 286 13
" 19.2 X 286 )
224 X 286 ' 17
B, 127°% 254 18.6
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" | FIRE SAFETY

HEPA Filter Smi:he l’luh;ing Tests Using LLL
Lorge Seafe Fire Tent lthty R

.+ Intreduction, In our previous report %6 we desertbed

the LLL FullScale Fire Test Fecllity, and we~

‘ummarized sorme of the tests and results obtained in

prefiminary cxperiments conducted to evaludte the

amcke plugzing of the HEPA filiers, Since that time,

we have conducted o number of tests on two fuels

to characterize the smoke generated by them, and have

done o series of °creaning tests on .,moka abatement
. countermeasures,’

Test ;History. Because we were unable to

chorocterize the smoles from our bums involving
mixed furnishings, we decided to investigate individuel
fusls in the form of crosswpiled eribs, Furthermors,
becaucs some of these materlals are ‘of the. plastic
* fumily which tends to melt and burn away during &

test, we daclded to Juse a cege to hold the'

cross-membered “erib.” "
In Test 1 (and Test 2,2 cheek of Test 1) we used

. Douglas fir s the fuel tn the caged wand erdb

configuration.
In Tests™3 end 4 we used a ﬂre retarded
polymethylmethocrylate, used frequently In” ERDA

loboratories for gloved Yox window materlals, In -

Test 3 the ventilation was the normel rats; ie,

‘. 250 2fs. In Test 4 the ventllation sate was doubled.
Test Serfes -5, which conslited of 18 sub-tests,
employed desel ofl floated in a pan of water.s.the
fug); the Injtla] ventilation rate wag 250 9/s in all cases,

’
.. '

Tests 6, 7 and 8 were condugcted uéing caged Douglas

© fir (DF). woud cribs to evaluate the more promising
~_serubbing techniques found fn the No.,5 serles, The
st test, No. 9, wes conducted, again using a Douglas

fir. caged wood: enib, fo ascertaiu the effect of 2
stendard sprinider system, -

Regilts. The easential datn from - these tests are
mummerized In Teble § from which the following
observaﬁons ure made:

. # The caging of wood as compared to the previous
use ‘of an uncaged cross-plled crib resulted in
fuch faster smoke-particulste generaiion oand
-consequently a faster filter phugging (in the
previous report the standard cross-plled woad erib
generated smokes which - plugged the flter in
-gboiit 15 minutes. This, contgasts with the

" Gminute plugpingtime observed int Tests I and 2).

The polymethylmettiscrylote fuel bumed at the
normal ventilation rate also caused & fast plupsinp

of the filter, whereas a crib of the oume matern] - -

4t 2 higher ventllation rate did not cause plugaing
for up to 24 minutes.

. ‘Of the varlous screening tests: (Sores § uung
" -diesel ofl fuel) the use of the chevron-type
serubber at full water flow (3.0 2/s) or the two
sonic nozzles used in cerfgz enchnt 0. 6 9fs ceemed

--to do & rensonable job of oraske partlculgts
scfrubbing. 25¢ ware thereford triad with tomms:

- varintlons i in Runs 6, 7 and 8.

|
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No. Date Purpose “Pud | (e/s) Remarks
i. “T16/76. ' Effeet of (uaged) wood cib . Wood: DF“ 250 Fast pluggng
A ' modersle venillation - \_'}‘ 60 kym .4 Smoke: 7.0 g/m® % min -
. D/c" =0 . "16)  Filter soot = 6% tar; 39% C
. ) , ‘6.3 min. - ,
2 72876  Chickof B4 - v T . Wood. DR 250 Fast plugg_mg "
T e “62kgm® . L " Smokes 45 g’ ,
. v 125 Filter Soot = 5% tar, 4% C-
L 6 min - g
37 8/13(7%  Effect of FRPMMAC in cage - FR mm %0 Fast plugging
) * moderate ventilation ] kg/m? 4 Smoke: 4.1 gm® 8 min
. - B DfC =0 125, Filter saot = §7% tr, 33% C
ST A . . . 8. min ,2.6%C0,4(F/ o, .
4 . 8f20/%6  Effect of well ventifated fire '_’ 333 kgim? - 500 Slow plugging
o (using unaffected fitel rmm D/C zw K .Smoke: 14 g{m3 & min
B3.0n FRPMMA) el 5 250 "No €0, 3,25'CO,
L . . 38 mn T
Series - 9/10 to Vanoua muntermmu:es “Diesel ot #" “Initil  No HEPA' used except for 5:10
5- 914176 on dissel smoke inpan 250 t . H
L3l 9/10/76  No q‘u_unlume‘.sures CDiew! of. ¢ Initid . Chievron eceubber and demister in
. . - in pan 250 - place )
52 9/1u/75 Repeat of 5,1 " Diewl - ;. 250 Questionable dama
53 9/10/75 Use of sne sonic spmy Diessl . 250 60% totd) remuval
. Flzin water . A oo 0% of <1 pm pat
54 9/10/76,  Use of one sonic spray - Diésel 250 Samples lost othcr mdxc:mons
’ 0.1% sucfactant | T .o, resulis ~53 o
§5 . .9l0/%  Us of Chevion scrubbes Dicsel 250 58% total removal ..
) with own spray 2.0 5. . . , L 26% <1 gm
“.86 - 9/l4/T6  No countermessures ~ 1 Diege? 250 ~4% “dmpout" of smoke pnmclc.
s emistes semoved ‘ -
5.7 9/14/76  Use of one sonic plain Diesel 250 ~50% smoke pacticle remuval
oo T water spay without dentfster P ’ 5[)-70% > 2 am ]
58 9/14/76  Sonic spray 085 surf Diesel 230 (~50% smoke particle removal;
. without demirter P \ T T0% > 3 um
58 91476 - Chevien scrubber 2.0 0fs Diesa) 250 . 345 overall rmoval
woe, » without demister T } : - 80% > 3 um size
510 9/14/76_ ‘Repeat of 5.9 hut with Diesel . 250+ No effect on HEPA for 20.min-
‘ .o HEPA ‘installed ' wo 1 - ‘ .
521 -9/30/76 Effet of Chevron scrbber Dicsel L 20, 62% particle removal
E ) 5.0 ¢fs } © 75% vemoval > 3 ym .
522 9]?0/76_ » Cheveon scrubber plus sonic Diese! 250 ~38%. particle removal + 0%
B spray 0.063 ¥/s ‘ Sor <1 pm size
5.23(0)y 9,30]76 " !:ampler #2 oncnted upstream . Digsel | 50 . ~32% particle removal
o . . N > pm size
523(b)'  9/30/76 ' Samplet #2 oriented 905 Diesel ‘250 ~E% particle mmova]
to flow - ' ‘ .
529 9/30/76 Sonitore' nozzle Using air only  Diesel L %6 . ~26 ] pum:lc removal
525 ' 9/30/16 ' Two separated Sonicoro Dl ' 250 ~12% pactcle cemoval anid pt
v . nozz-water. 0.063 O/s each | o % overall .
5.26; ’ 9/30/76  Effect of demister on!y . Diogal o0 Démister dowly clugs.
T LT N ~23% particle semaval — §5 min
527 93009 Edicet of one Somr.'arc Diceel 250 ~50% particle wemoval ~ demister

.

dowly clogs.
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Table & (Continued)

. filter: plugging time significantly,
© A stindard sprinkler system activated by the .
- temperature, at the sprinkler Tocation controlled

" the fire but did not extimgish it. However, for .~

‘the” duration of the test (21 minutes) iter
phugging appears fo have been prevented.

0 In most respects Runs 1 and 2 chiecked eash other -
very vell, although they were mun. two weeks
"apart. .

Discassion. As can be seen from the curves on

"Fip. 30(2) and (b), representmg the pressiize. d.rop’

across the HEPA filtes for Bums 6 and 7 respectively,
the increase in pressure ifference is quite sharp and
simiar in both tests. This suggests that there {5 some

sedden plupging mechanism occurring in these . ‘

* situatinns, To try-to evaluate this phenomenon, certain -

observed and calcdiated data from & number of tests

. are tabu.atcd on Table 9. Exammatmn of these datn
- sugeests that of all the variables exzmmed the dry bulb

temperature of the smoke in the duct at the filter and

- the absolyte humidity at the sime Jocation may bear

some telationship to filter pligging, Thus, if the dry
bulb remperature in the smoke at.the filter'is well
ahove 100°C, the absolute humidity’ (grams of

water/m?-of smole volume) can be- high ar fow. On,

AP séross” ﬁ ter
6

o - Venl - ‘ o
 Ne . Dafe . Purpose Fuel * - (!z]a} Remarks
[ li)]13l76 .Eﬂ’eci of two sonic nozzles. Dougua ﬁ: 250 thﬁn lmpmvcmcm in filter Yife
o ; "0.063 pfs cach on caged wood 5.5 ngm i Apparent 655 smoke paruculate
’ ) ctib smoke (spaays actmted . s 125: - removal . o
2t 150 §) 8Imin’ - o _ :
7 10/22(76  Effect of Chevion ferubber at  Dougls fir 2507 Little dmprovement in filter ffe
" full flow (5.0 8)s) on’ caged 54 lcgfm i Apparent 60% smoke particulate
: wwd ctib smoke - T128 removal (Check of fiter 3 days
: . 98 min" - later shows no plugging)
‘8 W/)/%6  Eifect of sonic nozzle and |~ Douglas ﬁr 250, Filter plugged sapidly asin "
100-mm demister plus pin 56 kgfm o } B-6, 7. Smoke cnncenu'auun :
type -nozzle and 50-mm 125 - ahead of HEPA 1.5 g/m of .
serubber © T4 min © which 86%°% 2 um -
9 12/2/76  Tifect of standard spri 1ue: " Douglas ﬂ:' - 250" Sprinklers tontrolled but did not
: systemn, .on, fter life 5.7 kg/m b extingish the fire, T2 of
) i 230 7 oprinklers preventzd filter ‘Plugging
20.7 min'.. for. duration of test which, was
' tegminated at 21 min. Cell -
. overpressurized when spnnklers
‘ 4 were gpefating
bDoﬁglns fir, V
bDiny-tb-clean fuel I:.’Jh'o' L,
©Fice-retarded polymethylmethylacrylaie, .
. ’ N
© The use of these countermeasurss on a caged 3.0 T T T T T
Douglas fir wood crib did not appea: to unprove' 9 ‘5 - e ' (a)
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Fig. 30: Pressure drop acrosy HEPA ﬁ]ter. CaJnI\.rmcasu b
{2) two raquential sonic nozzles, 0.053-0/s wated per nozzlc;
(b) Chevion scrubher, 5.0-2f5 water tpmy.
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the other hand, If tha dry bulb temperature 1 of the_

- . order of 100°C or less, then a low ‘or moderate
dhsolute humidity {s accompanied by @ faixly fnst
plugging of the filter, :

s 4

500 kjs; for o othen, lnlunl_vantllndoﬁ s 250-21.,

This suggests that the Alter is being plugged either
by candensed water or by. condensed pyrolysates. In
the next few experiments, efforts will be made to

aitempt to evalute this point further,

Yo ; ENHANCED FILTRATION '

Entroduction _

~ Since the last progress 'eport, wa' ‘have focused our
. attentlon in the following areas: v

xi ) o Detemﬂnlng filter wse Tates and expusum

ceaditions
< ' o Modifying the sodium chloride seroso] generation
A bystem y
{! .8 Determming the gerdsol charge characteriatics

= f SR - -0 Studying the effect of screen insuletion on ﬂlter T ,
~ Table 10.- HEPA ;ilsar uag

‘ performuncs
_— @ Culibrating  an . active
spscirometer

watteting  gerosol

- , - © Thearetical modelling of filter efficiency, pressute

| e dmp ond loading capamty characterstlcs. -

Highefilclency - particulate . alr (HEPA) fliters are
commioply uged ¢ radiozctive handling fecilitles to
femave airbomp conteminants, Filter s fato varlss
videly vith location and operational demands. In

n
T

[,
-1 ad

U " 1973, 16,35, filters were used at various nuclear
- fucllities.27 The cursent anmual wbs zat I pmsz]y

Y grenter than 20 000y, ‘ -
Todls 10 gves the 1975 usage rates & wll 2
=7 volumg and coat data at several facilitles, The costper

S TR

Fllter Use Rates end Exposure Conditiors. '

filter also varies mgmﬂcantly, dipending on the | '

specification and “ovérhend tequirement. The major

cast, however, is not the lnith! filter -expense
(820-3300/filter). The actual cost of materiels and
labor to buy, change, ‘est cnd dispose of the filtar’
Is often 3 10,10 times the initial cost, Hence o

" dgnificant savings could be realizad if filter tervice life
. could be extended, -

I 197

. . A - Vlumo ’-'ﬂt:x oyt
" Fecllity “Numbzt () 3
St wo N a
O T 6 a

LasL? G- R A |
Rocky Faw? 4000 . 263 3
*“Total, 1973 16000 1400 3500

Totsl, 1975 (cat) | 20600 1,800 3,500 -

.. 5. Lipote, -prlvoty communieation,

W. Porter, pﬂv&ta cnmmunlcnﬁon
°1. Dofield, privaty comrunicston,
C. Shoaty, private communicatlon,-
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Since HEPA filters. are used in several types of .

nucleas facilities, it is important to characterize the
types of environments in’ which our polarized.
electrostatic (dielectropharetic) preﬁlters will be used.

. To date, we have visited filter installations at Lawrence
Alamos - Scientific.

Livermore, - Laboratory, Los ]
Laboratory, Re:ky. Flats Plaat, and Oak Riige

National Laborptory.. Perhaps the greatest potential

difficulty is attempting to protect the HEPA fiters

" from wet ard acid mist conditions. Such hostile

environments -oceur -in - the Rocky Flats Plent,
Building 771, where great“amounts of nitric and
hydrofluoric -acid fumes. are gencrated from the
dissolving processes.

"Contaminant composition and particle size alsé”

varies widely, Table 13- shows size data from several
rdioactive” materials  handling - facilities. The

zsrodynamic mass median diameters range from 0.34 '

to 15,9 um, Since our sodivm chioride test ‘aer0sol

* hag a smaller diameter (0.52 um), the ‘abmatmy 165

represents a' more stringent filier test ‘than ccetrs in
the field. The avaitable space for preﬁlter installatlon,
as one may suspect, also varies considerably, In many

. gloved box operations, the flex duct could be opened

and:a prefilter easily installed. If the HEPA filter is
Toused in a duct, some difficulty may be encountered
in placing 2 preﬁlter -indine without major duct -
modification. Relatively thin prefiters would pose no,
problem for HEPA filter. banks i lesge plenums, but

‘4 deep preﬁlter would senously ik ';t entry mto luch
- arens.

Aerosn!Genemt:unSystem A numberof refinements
have been 1dded to improve our sodium chloride
aerasol’ generator, and thesc are shown in an 31

Tebly 1_1.'

2 humidity o

' A humidity controlling system has been added té

better stabilize the droplet evaporation’ rate. The
humidity is set to the desired level, and: water vapor

- iy added to the air stream by activating 2 submesged

heater. This process is adjusted dutomaucally usmga
atroller. .
‘A 20itre reservelr’ “has beeﬂ added 25 the source

.- of the 1% NaCl solution.. Considerable énrichment of -

. salt solution’waz’ obsewcd dumlg long (4 hou:) nuns
using’ 400-m! solution cuntamexa .
An active scattering aerosol spectrometer has been

wadded to,the §ystem 10 aid in our particle diagnostics

‘effort; This.is-also dxscussed m 2 subsequent amcle ,

in this report.

Our” filker holder has been comp]etely redes:gned
’as.shown'ia Figs..32 and" ‘33, The néw system allows
us the conumen e of Joadi-the screens and filter
‘yedip Oniside the plenum gadtvinserting them, as one
. ntegral assembly, into a polyethy]ene holder. The

. enfire” assembly s completexy insulated, and. an

huterlock system prevents. aceidental ‘handling of the
Hectrified scrdghs. This assembly is not only safer, but

allows us ta e‘(permenf w:!h varying filter thitknesses. .

'D'ete’mmlmg; sol  Charge Characteristics. A

olfarge” distributic “Gah _be obtaired by -using an

e[ectroa.atxc prempnator-‘u in CDDJHHCUGH with a flame
phntﬁmetex, as shown in. Fig. 34,

The prec:mtator is opérated, with the precipitation
voliage én, but without the corona voltage. In this
made, no addmonnl charges are placcd an the aerosol

. particles s they pass through the ‘precipitztotr. The

_particles are removed in the precinitator’s collection
region according to the chiarge which they possess after

v

Typw*l partncle dlstnbuhons encoun‘nered in nuclear matorials

hvﬂd mg fasilities

Voo

Aerodynamic

s Geameuic' :
: . _mass median  6td dey,- Range - Prinejpal
Feellity Process dizmeter (zm) (?g)‘ (um) constitwents .
LASL28 R&D s 22 0487w
' RED . 23 135 0228 R
Fabcation . . Y S ¥ ] 1.4-1;‘ P,
Recovery S0 5:4 0.01-9.9 P
Fabtication °! 27 24 0.5-86 R
Potky Flats?? . Recovery 29" T 3 <0337 Ru, WE (4O, .
“Demonstration mm" Grinding, 750°C " 159 - 155 s - RU
o dusteial Prent™® Grinding, 750°C FR! IR & ) - S Py U
“Demonstration, Industrial Plant"b . Grnding, 175¢°C 230 165 o=, Ry
“Indastis) Fzot™ p X0 Y 5 NP P, U

"+ {rinding, 1750°C

OCount medicn dicmcter,
privato &

dation,

, b, Nawton, Lovelace F
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N
A . & : ’ - }Flame SO ,
L Hum'ld'ity - ' ’ . photomet‘?r‘ — . ij‘z:.‘ L ‘ - KE
- - fcontroltery . o ” L -
R _.J'—";"—;— C iEmele . e
. HEPA "1 . - Mass - -
' ‘ Filters == - L A Tr L flowmeter
* \Heater t . Manorﬁeter " g Q
A . e |
v | e .
~Baffie fl."- . - } -
== L yepp M-
- by filter -
_ L~Feed line .- Blower .-
: v A Data acquisition 5 -
- . lsystem \ -
Fig. 31._Schmi\tic diagram of sodium cb!u:[d;aér‘u"wl 'gmmﬂmj systgn_;\. . -

e

oy . . v PV
zeptisol peneration, the flow rate, and the electric field
‘ . strength. If desired, 2 85Ke source can be added to
[ neutralize the acrogol charge.
: The drift velocily3! — that is, the ve]ocxty at which .’
the particles move in the precipitator’s electric field
toward the collection région - is--

ww=EZ o : {13)
“where T -
E = the electric feld - L !

i -, A ] o
: ' &Screens ., N Filter-media
s Spager
- -Fig. :_33. ‘Filter holder opezed,

Z= tha e tric mnbmty of the 1 Hele
- " .

q = number of electron ch:u'ges on the pam::le
C = Cunningham slip comrection factor -

d = particle diameter

17 viscosity of the nir.

. Fig. 32, Filter holder asembled, ~
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' By Mc"om]vJaring the drift velocity with the finear Row

_caleulated, I the charge is zero, the drift velocity is

5000 V respectively. The efffuent NaCl aeroso] was

< of the aerasol particles; we assumed that the particles -

X Electrostatic precipitator

Flame

Fig. 34. Clizge distibution mea:utemen! system.

velocity, the distance required for precipitation of a
particle of diameter d and having chdfge g can be

zero and the particle would not be collected in the
precipitator. Also; at higher flow velocities and lower
electric fields, the particle has a greater chance of
passing through the precipitator,

Experimentally, the flow rate and preclpltatxun .
fields, were vacied from 04 to 5 #/min and O to

monitored with the flame photometer at the various
settings. Since the flamg phetometer measures the mass.

were  monodispersed. A spectrum  of . charge
distiutions corresponding to various particle sizes is
actually vequired, however, for rigorous work.

The cxperiment Yielded the cumulative charge
distribution curves shown 1i"Fig, 35 for 0.8 and
09-um particles,” Eiphty percent of the particles.
comprising the acrosol have one or more charges, and

" both' cuyves imply that the median charge on a particle

is 12 to 14 tlectron charges.

We can also thearetically predict the average charge
on a particle. Mercer2 gives an emipirical equation
which predicts the chorge given to aeroscl particles

during the atom]zatlon process Ihe average charge, g, ™

geeaftc o 04
where EE
= droplet pa.mde dlameter

Notc that the water d:oplet before evaporatlon has a

f)ze . K

e
8y 7 (0333 Lo

vhere '
C NaCl coucentratlpn

g :

5100

T .

% o0

g a}

[}

<L - .

n 20

=

Q .

2 0 Y 1
&7 1 3 5 10 3050 100

r"*-.-,-"—"'.--——-l
l' |,+ =7 : phatometer
Aemsol ] T - :
-m et g — Y ,E !W C ! | Pumb EXh‘iHSt
N = e , 3
| 0 ectmn i
L . region

i Flg. 35 Cumulative ch:uge dlstnhuhon curves fo; 08 and

09 pm NaCl, aemso!s

s

- A% sqution yxeld d, =37 for an evaporated drop,

d =08 pm, Then g = /3.7 or about 12 charges,

. wluch compares favorably with experiment.

Effect of Screen Ensulation on Filter Performance,
Dielecirophoretic filtration theory currently does not
contain any ‘variablss which directly relate to screen
composition. The balk of the previous work has been
done: with unjnsulated wires.of-sereens. According to

" the-premises set forth in elementary physicy texts, if

the screens or wires could be’coated with a dielectric,
the field around the filtering fibers- could be
maintained but little or no current would {low even

~ if the filter were collecting purely conduttive matégials.-

Fxgu:e 36 showa the results from a series of tests

_using bare ‘and “intulated scrcens. The insulation was -

2 10%mil- thick, vacuum-depumed proprietary material

‘with 3 dielectsic strength 6f approximately 1 X¥/mil.
Tests were conducted with the negative high voltage ™

either up: or. downstrcam fiom the 12.7-mm-thidk
ﬁherglasu filter mednaA The other seréen was maintained
at ground ' ‘
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Log penetvation ratio — n i’E/Po

. Fig. 36, Penctration ntic s a
funetion of electric fleld for bare
and Ingulated screenss Run 115 —

- 116 - {nsulated scraen, HY backs

+ Run 118 - baso screen, HV back,

ORun 115
® Run 116 RS
AR 117 -
ARu_ri ng -

| R BN B R

o . Electric field < kV/cm

Figure 36 shows the log of the penetration ratio

2 2 function of the elestric-figld, P, is the initial
_pengtration with no voltage ‘applied, Using this
representation, we-can normalize-data with different

+iitial efficiencies. The filters with the best efficiepcy

“ Qowest penetration) characteristics. are ~ thidse
mpresented by the steepest slopes. |

- Figure 36 revedls some intetesting” “data. The
" unedated sorcens exhibit the same penetration
. characteristics, regard’ess of field orenation. The .
coated soreens, howevet, show two distint penctration
curves, dzpending on field orientation. With the high
~ voltage on the front plate (i.e., electric field opposing
the directior of flow) the penetration'decreases as
- ustie] a3 the electric fleld s increased, At highor electric
“fielé, the penetration is somewhat higher ;o it
the uncoated screenis, Reversing ‘the sereen pn]anty
cauges some rather unexpected results, Ralsing the
soteen voltage to 1 kV/em causes the penetration fo
ﬁr..t inerease and then decrense s, the electnc ﬁeld

funher inereased. ¢ "

The reasons for -this phenomcmon arq ‘not clearly
understood. The derosol s -in"a highly charged
 condition. DPerhaps the chargs, i neutra]xzed as-the, -
mcles poss In close ‘prokimity ofy ‘th uncoated

ﬂcreens. In the eice of the insulated “gns, the -
enee, if -

pamcleu app°ar to retain their charge and
Totienfation permi'.s,aze actually repcllea from
iapedys of tlwﬁb-r Increasing i.he ﬁe]rlcau..es

oy

“the pirticles o be atiracted and retained on the back
* side of the fiber: Such a pmcess, however, causes a

significant ‘reduction ¢ efficlency.  Further
investigation of this phenomeq_pn is planped.

‘Theory of Electric Field on Filter Media

‘When, an eléctric field s applied actoss a fibsolis
-filter mat, the fibers and aerosols become polarized.
“This -polarization results In a niei attractive force, In
addition, if either the fibers or the particles. are
charged, an enhanced -Coulambic effect is ‘also
observed. Figure 37 shows the lines of force around

a cross section of a single fiber that are due to the -

two interaétions. If tha particle trajectory is in the
dlrecnnn of: the. arrows' the. force is atteactive, while

“'In the opposite, direction the foree” is repulsive..

Although ‘the two - ‘electric force fields are shown

sopmte in Fig. 37, in reality, they are both combined '

Fowith the complex hydrodynamic force ficld to risscribe
ihe resultant force on an zerosol particle. Such z
t;ompletA theoreﬁcal development fias not et been
performed e

The varlou, ﬂxemehcal tmtments of ﬁltratmn due
o f'iih.er hydrodynamic or electrical forces atieampt to
obtain an expresdon for the single fiber efficiency, 7.
Once 7 i obtained, the filter efficiency E for-d mat

6f fibers can be determined from the following

equatlun. s

~{. . cinmleted screen, HY Font; Run -

Run 117 ~bare screen, HY front; |

o ——— e




‘E='1-Pfljeﬂntlf)_ (&
where ‘ ' ’

filter,
« is. fiber volume fraction of the ﬁlter,
D is the diaméter of the fiber in em, and
X is the filter mat thickness in cm, '

We have made an evaluation of the two availabiz

theories; one due to Rivers33'and ‘the other due to
Zebel, 34 4ng have found that the Zebel theory can
better represent expenmental, data, River’s theory,
described in the last progress report, does not consider

. any of the hydrodynimic forces, whereas Zebel's ., -

theory considers only the particle interception forces
and ‘neglects the important inertial and diffusion
forces, A key experimental test that distinguishes

between the two theories is the secondary. effect of'
 filter velocity, v, on the filter efficiency. The primary

effect of velocity is inversely proportional to the single
fiber efficiency n [see v in Eq. (9) and nin Eq. (8)] -
and therefore inversely proportional to In P, Plotting ~
the datz as a function of the product v In P removes

the primary effect of velocity and shows the secondary
- effect, if any, due to velocity, Figure 38 shows that--
- River’s theory has no secondary velocity dependence

while the Zebel theory shows a definite dependence,

Experimentally, the secondary velacity dependemce °
agrees very- well qualitatively ‘with the Zebel theory

which is therefore ussd in our initial l.heoreucal

Jnvestigation.

The equation descnbmg Zebel s thieory of filtration

in the presence of an electric field is given in Bq, (9), -
To simplify the expression, we have used-the logarithm "

of the penetration ratio rather 1h_a.n the efficiency,

Sty mEC || ©
A A T &

viere: .- b

By i the aermol penetration with an apphcd electric

field. <.
<P, is thié 2erosol penetration wrthout anelectric f ield
ep is the diciectsic constant of the particle
cr m the diclectric constant of the fiber
the diameter of the particle, cni

P is the fractian of partrc]es penetrating through the °

[ : i .

b, o
:‘_7 S
-

(a), charge and induced rlrpn!e interzetions (Covlombic), and
{t) induced dipole nnd induced drpoln interactions
(pnlanzamm)

Lo

E is the applied electric field, ese

C is'thé Cunningham slip correction factor

it is;the viscosity of the air, poise

v is the air velocity inside the filter (for our filters
¥ is approximately equal to the filter face velocity
“ V), cms :

n is the number of elementary charges on a partiele

¢ is'a unit of elementary charge, esu

The ratio Pg/P, is used to cancel all terms from

- the equation that do-not ‘pertain to the Citration
“effects: of the electric field: Also note that the two

terms in the second bracket are equal to the single
fiber efficiericy due to the electiis field, The first of
these terms is dug to polarization forces and-the second
is due 4o Coulombic forces.

. This equation was used to systematically investizate
the parameters involved in filtration. Figure 39 shows
the effect of the electric .field and different size

particles on In(P/P,). The behavior of the graphs in.
" this ﬁgure is explained by notmg that the polarization

(b}

* Fig.37. Lines of force duc to applied electric field E, for

{a).

contribution , is proportlonal to d2B? while the:

Coulombic contnbutmn is proportional to Efd The
effect ¢f the other variables on filtration can be found
dsewhore S

No quantrtauve comparison between e,cpenments
and Zebel's theory was made because the filter-loading

capacity and efficlency measuscments were determined |

e,

v

R



Fig. 38, Theoretical secondary ef-
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o one test, ' Although this approach Was necessary to

" npldly screen riany filter candidates, the filter

efficiency from these tests was erroneously high,

" Figure 40 shows the tignificant increase in the filter

efficiency, that fs observed when the coneentration of
aerosols Is Increased by four'times. Since we now have
eeveral promising filter media, the filterJoading’and
efficiency tests will h. ‘conducted as two separate tests,
Even before 1 quanmatlve comparlson of Zebel's
theury is made with a aeparate efflclency teat, It 1s

“ gready npparent that a hew theory will have to be

I

" developed to explain the experimental data, Figure 41

thows the experimental single fiber efficiency plotted

“agalnat the opplied: electric fieln for three. ﬁlters hav’mg

2

different fiber sizes, The observed trend of increasing
" efficioncy with inereasing fiber size is opposite to what
“would be expected from Zebel's theory or the
 Incrensing efficiency due to filter loading, In addition,

several effects involviny particle chargo, the electrode

_gids, ond, the electric flold descrbed in the

July-September Progrers Report®® are also mot

explained by Zebel’s theory.

Altheugh the {mportant effect of particle loading

von filter efficiency- was widely recognized for many
'years, no theoretical analysis was made of this

phenomenon. We therefore developed 2 thegry,35

chown by Eq. (10), that dessribes the incréasing
- efficlency of o filter ag it loads up with particlss:

LT
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Fig. 32 Theorelical effect of particle size on ﬂletlbg:m'ﬂlm of the filter penetration ratio as a function of applied electric

field.
X td? N,
N e D09 MetTg
= 0
MO g,
L ¥ ok
where

N() is the number. poncentralmn of aerosals -
penetralmg ihmugh the filtsr after time f

(emr3),
N, is the number contentration of aerosols

upstream of the filter (em'3),
fip s the acrosol collection efﬁclency for smgle

N fibers

i the time (),
np is the aeresol colléction efficiency for part:cles
already tmpped in the filter, :
p 13 the denmty of the actosol particles (gfem>),
&5 the face m-a of the filter (cm?). '

The mas; of particles M(t) collected after time tis

gaven by?s

. 43
My =22 AN VI

LelmU-m "% " 8

(i
p

All other variables were previously defined.

" The basic concept of this theory is that the particles
‘once trapped by the filter can trap other particles. This
lads to a very large compounding effect as an

. Increasing-number of particles are trapped within the
. filter. .

We have also developed a theory to explain the
increase in pressure drop as particles load the filter.3%
The theory represented by the equation below makes
use of previous pressure-drop theories for unlvaded
" filters.

L) '
AP(t) du vx[ (p A 6 {12
23
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Fig. 40. Experimentz) effect of filter lozding on efficiency
as ¢ function of opplied electric Geld.

where .
AP(t) 35 the pressure drop across the filter after

time t (Pa).

. The other variables have been defined previously.

A quantitativé comparison of the experimental
increase in filte: efficiency and pressure drop will be
made with the above theories,

. Particle Size Measurement Using Laser

Light Scattering' .

Partick: size is important in evaluating the efficiancy
of the air filters used in the Enhanced Filtration
progtam,  Existing  theoretical models  on

S B e

5 0,201 OR £ 0.89

- gR= 2.5 um

S 015k A R=3.31 um

s A,

]

5 010 B
=

G
@ 0.05(

@ L L1
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0 2 4 6.8 10 12
Electric field = kV/cm

Fig. 41, Experimental effect of fiber radius on the engle-
fiber effickency as 2 function of applixd dectric field.
Run §3 - R = 0.89 um; Run 85 .- R =2.58 ym;Run 87 ~
R=3.31 pm.

dielectrophoresis generated by Zebel and Riversd3:34
(used in another article within ffis report) describe the
collection efficiency of fibraus air filters as a funetion
of filter characterstics and applied electric field, These
models also include variables characteristic of the test
agrosol: dielectric constant, .particle charge, and
particle size. We have now obtained a light-scattering
laser spectrometer and data acquisition system (DAS),

Table 12 Sensitivity vangs of laser spectrameter

Renge2 (020u0654) Runged  (0.150.3C.)

Range & (060 pm300pm} Remge?  (@35LI0) .
 Chanel sige (microns) Charinel  size (microns)  * Chenme) . gize (miczons) =~ Channe size (miczons)
i 600,76 1 035040 1 020023 ! 0.150.16
S2 276092 o2 040045 2 023026 1 016047
3092108 3 . 045050 3 026029 3 0,17:0,18
4 L8124 4 050-0.55 4 0.23032 4 0.150.19
5 124140 5 0.55-0.60 5 012035 5 ' 009020
6 . 140156 6 060065 - 6 035038 6 020021
7. 156172 7 065070 7 ‘038041 7 021022
8 112188 8 0.760.75 8 DA1-044 8 622023
9., 168204 9 0.75-0.80 .9 044047 9 - 0230.24
0 2,04220 10 080085 10 0A7-050 10 024025
1 220236’ u 0.85-0.90 u .. 050053 n 025026
L 12 236252 12 0909.95 12 83056 2 026027
13 252268 1B 0.95-1,00 13 0.56-0.59 i 027028
1 2468284 - M LO0-1,05 14 059062 U] 0.28-6.29
15 - 284300 15 ©nEsL10 -15 062065 15 0.29-0:30
0 Total comts 0 . To! counis 0  Total comts 0  Tot counts
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Fig. 42. Farticle-measuring systems including laser DAS.
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shown in Fig 42, to measure the particle size
distrihutions., i
The spectrometer uses a- HeNe laser (632.8 nim})

capable of sizing particles within 2 range of

_ 0.15-3.00um diameter- (note Table 12). A ‘stream of
~particles i passed through the faser beam. For a very

dilute aerosal the particles intersect the laser beam

.. one at a time. The intensity of the light scattered from

each particle is measured and: the size of the particle

is determined by a multi-channel analyzer, Particle size

160.
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Range 0 (0 60 - 3 00 um)
Channels 0 - 15
100 counts full scale
100.
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Range 2 (0 20 065 um)
Channels 0 - 15
100 counts. ful] scale

Fig. 84, Histograms of NuCl distribution.
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determinations are possible beeause the intensity of
light scattered is proportional tv the particle size.
The spectrometer was first calibrated with 0.237-,
0357, 050, 0794 and
polystyrene Jatex (PSL) spheres from @ Ratec-type
nebulizer, Figure 43 i]luslmtgs the sizing capahility of

* the laser. This graph shows the observed particle size

distribution for the series of: monodisperse PSL
aerosols having the indicated sizes. The agreement

between observed and manufacturer’s stated stze i -

4
8
5
8
e Al T
.lp.-.b'llnhji’h'~
VUL
.03 6 9 12 15
Range 1 (0.35 - 1,10 ym)
Channels 0 - 15
100 counts full scale
10}
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S

Range 3 (0.15 - 3.00 um)
Channeis 0 - 15
1000 counts full scale
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" excellent for the 0.23%, 0.357., and 0.5um-diameter

I'SL spheres. The larger particle sizes appear to be
shifted, although the aerosol conmcentration was not
enough to provide adequate size resolution.

We have done some preliminary sizing of our NaCl
test aerosol with the laser spectrometer, “and these
results are summarized in Figs, 44 and 45, Figure 44
shows histograms of the particle size distribution of

gurtest aerosol over each of the four ranges (60
channels) as photographed from the cathode-ray tube
display on the ‘data acquisition ‘system. Figure 45
shows a typical range of particls counts for the NaCl
aerasol for repeated measurernents. Each sectun refers
to one range of the laser spectrometer, Discontiniuity
in the size spectrum reveals the need for further
calibration.

10°|
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Legend:

E3 Range 0 (
L Range 1 (9.

104 "F7) Range 2 (0.

[ Range 3 (
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D — diameter, um

Fig, 45, NaQl acrosol size - distdbution.
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ANALYTICAL CHEMISTRY -

A Method for Determining the Percent
. Interference in Scl Beryllium Analysis

Each .month, the Hazards Control Departments

© Analytical Laboratesy receives 16 environmental aic .

samples to be analyzed for ﬂmr beryllium content.

Airborne soil is collected from permanent air- sampling -

stations located arqund the perimeter of LLL and
Site 300. These. sampling stations contain -2
high-volume air mover which draws a known volume
of air through'a 203 X 254mun filter paper. Airbormne
“soil particulates captured on the filter papet ¢an tﬂen
be anelyzed for their beryllium content.

_ Since airbome soil: can contzin many contaminants
that may interfere with the analysis for beryllium, a
method for determining the percent Interference was
devised, This method involves the addition of known

amounts of beryllium 0 2 sample and measuring the -
fraction of added beryllium that shows tirough the -

interference: wsing  an atomic.  absorption
speutmphotopeten

Analvtical Method. The air samples are disselved by-

digestion on a hot plate using nitrie and perchloric
acid. The sample is hieated to near dryness, then diluted
to 25 ml with demineralized water, Two 10ml
dliquots are removed from the flask and spiked with
a quantity equal to 0.5 and 1.0 pg beryllium per
25 ml, The remaining 5 ml in the flask is analyzed
without addition of beryllium. Three values are

Table 13, Calculations for a representative one-month soil Ba analysis

obtained for eich sample using atomic absorption -

spectrophotometry:
¢ Sl sample without beryllivm added.
¢ 10m! sample with 0.5 pg batvlium dded,
# 10ml sample with 1.0 ug beryllium aJded.

‘ By subtmqlmg the first reading from the second’
. and third-¥é can measure the fraction of the added

beryllium to show through any interference. When
these values show reasonable apreement, 2 similar
corréction can be applied to the first reading.

The following js 2 caleulation. of one sample
collected during August 1976:

HC #6111

5m! reading without beryllivm addition — 0.45 ug

10m! reading. with 0.5 pg berylliom addition —
085 ug

10-ml reading with 1.0 pg beryllivm addition —
1.30 ug

Of the 0.5 pg added, 0.85 - 0.45 = 0.40 xg (80%)

was recovered, OF the 1.0 pg added, 1.30 - 045

= 0.85 ug'(85%) wras recovered. ’

The 045 pp is corrected for an 80 and 85% recovery

to show thal an average of 0.55 ug was actually

present. Table 13 shows calculations for representative

one-month. samples.

Conclusion. This method appears to provide a way
of comecting analytical results to compensate for
inteifering contaminants. Furthe: study will determite
whether this methed is satisfactary or not.

Readings
Laboratory (1 Be added) Comesponding pet recovery

number 0 0.5 1.0 {5 L0 Average ug Be
6111 045 08 . 130 040 (0.56)° 085 (0.53) 055
6112 045 030 115 235 (tod) 0.70 (0.64) 0.64
6113 070’ 105 145 035 (1.0) 075 (0.93) 056
6114 055 090 1.30 035 (0.78) 075 (0.73) .07
61Li a7s L1 145 035 (1.67) 0.70 (107) 1.07
6116 03 0.7 11 040 (0.38) 0.80 (0.38) 038
6117 04 08 13 0.40 (0.50) 050 (0.44) 0.47
6113 045 " 0.85 1.25 €40 (0.56 0.80 (0.56) 0.56
6120 0.35 070 10 035 (0.50) 065 (0.5%) 052
6121 0.55 - 085 1.20 030 093 © 065 (0.85) 0.88
6122 0.20- 0.55 10 0.35 (0.28) 0.80 (0.25) 026
6123 025 070 Lo 045 (0.26) 0.85 (0.29) 028
6124 005 05 095 v45 (0.06) 0.90 {0.06) 0.05
6125 160 2400 23 " 040 (2.0 0.70 (2.3) 22
6126 - 040 035 110 045 (0.44) 0.70 (057) 0.50

Byalues in parentheses aro Be content -after fecovery comcetion.
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Technical Notes

RADIATION PROTECTION

A Portable Hand and Shee Counter

A portable hand and sho. .;ounter has been designed
for application in emergency field response situgtions
such as Hot Spot. The entire system is housed in a

. weather-resistant case, shown in Fig, 46. This package '

provides a means of monitoring pesscnnel hands and
shoes without an operator in atiendance,

System Description. Tiie system includes a standard
camera tripod, a Ludlora count rate meter, two alpha
scintillator probes, and an adjustable audible alarm, An
adaptor was fabricated to attach one probe head to
the top of the triped to serve a5 a hand counter. The
other prohe is mounted in the suitcase as a shoe
counter. Figure 47 shows the system set up for use.

Electronics. The Ludlum count rate mefer is
calibrated far 0-560; 0-5000; 0-50,000; and 0-5G0,000
counts per minute with a meter response of
311 seeonds. It is powered by two “D” cells with

_a battery life of more than 10D hours of continuous

usc. Figure 48 shows the schematic of the audible
alarm system which invorporaies an. alarm set point
of between 200-10,000 counts per minute: The
circuitry of the Ludlum instrument was unchanged
because the trigeer of the al mn system comes from
the audio output of the count rate meter. In case of
instrument malfunction, an exchange of Ludlum
meters can be made with minimum adjustment and
down time.

FORIST, NE 213 Neutron Unfolding
Code ot LLL

The FERDORS unfolding method is widely used
to unfold newtron specta from  pulse-height
disiributions measured with NE 213 specirometsrs.
Two spectrum unfolding codes implementing- the
FERDOR method are cumendly being distributed by
the Radiation Shiclding Information Center for the
IBM-360. The first code, COOLC,3 was developed at
Oak Ridge National Laboratory. The second code,
FORIST,3738 i5 2 modified version of COOLC and
was ‘developed at the Unwersity of Illinois at
Urbana-Champaign.

The FORIST code has been received from RSIC,
and with minor changes is mow operable on the
CDC 7600 computers. Changes to the code invalved
reformatting, tope assignments, and plotting routiries,
" NUTSPZC, aneutron spectea unfolding code written
by Dennis Slaughter, is currendy being used at LLL.
Results from NUTSPEC will be compared with the
more widely accepted FORIST.

F|g 45. Portable hand and <hoe countex in weather-resistant
case.
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Fig. 48, Schematic of alarm cantrol module, -

INDUSTRIAL HYGIENE

Study of LLL Self-Contained Bnatlung
AEpamtus Program o

The original purpose of 1his study was to determine '
the feasibility of using the Metrotech Communications |

Unit on the- Scott 6000 self-contained breathing
apparatus (SCBA) in use'at LLL. Sincé the LLL Fire
Department s the ‘largest, most frequent user .of
SCBAs, they were used as the test group for fitting
tests with the Metxotech units. However, the study was
expanded to take an overall look at the entire SCBA
program becausé the Scott 6000 units currently in use

are, by law, to be “grandfathered” out by March 31, -
. 1979, under the approval system of the National

Institute for Occupational Safety and Health (NIOSH).

Scope. The use of SCBA, frequency of use, and user
groups in the Laboratory were considered during the
study. The types and makes of different SCBA units

were then exemined to see how they would best fit

into ths program at the Laboratory, Since all of the

40

different makes of SCBAs that were considered in this.
study had NIOSH approval and thus mei minimum
operational standards, the main considerations were
facepiece fit, ease of maintenance, comfort to the
wearer .and - ease of use, both under emergency
conditions and in teaining.

Table 14 shows the quunbtative fitting results of
tests performed on LLL firefighters wearing five makes
‘of full-fage respirators and a Scott 6000 series mask
fitted with a Metrotech communications unit. During
the test the firefigters performed six different
exercises.

Conclision. It was concluded that no variance

- should be requested from ERDA to allow wse of the

Metrotech communications unit because weight of the
unit pulled the facepiece to one side, causing severe
leakage aroune facepiece-toface seal. Work is now

- continuing to -find a satisfactory way for persons

wearlng  self-contained breathing apparatus o

communijcate with each -other.

L 1/
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Table 74. Quantitative fitting test rosults

Number of firefighters

Type of facepicce

With <I% faccpicce leakage  With 1-5% facepicce leakage  With >5% facepicee leakage

MSA Clearvue 28 -2 0
MSA Ultravue B 1 0
Scoft 6000 facepicce 13 -9 3
Scott 9000 facepices . 18 2
Survivair s 5 )7
Scott 600D facepicee )

with Metrotech unit 9 16 4

FIRE SAFETY

Measurements of the Combustion Heat Release
Rate of Laboratory Construction Materials with
a Modified Flame Spread Apparatus

The combustion heat release rate HR? from
flammable materials has been ideatified as a sensitive
index for comparing and rating the flemmable hazards
of such materials. Several fire research and testing
laboratorics have comstructed or purchased HR?
calorimeters for the purpuse of - either conducting
msearch into the HR? propertics of a wide variety of
combustible materials or for developing a standard test
metl.od which can be used to generate criteria for
building codes.

The fire research and fire safety sections of the
Hazards Control Department had been considering the
acquisition of a commercially avilable HR2
calorimeter to increase the capability of the
Laboratory for assessing the flammable hazacds of
matesdals used for the furnishing, finishes and
appliances of nuclear laboratories. But there was
concern as to the cost effectiveness of this apparatus
in terms of the projected needs of the Fire Safety
Group, Ideally, thé Fire Marshal will determine the fire
load ol an enclosure or building, and then design a
fire protection system suitable to the projected hazard.
HR? data should be of use in this analysis. However,
since there is such a wide variety of enclosure types
(laboratories, offices, irailers, shops, omputes rooms,

libraries, ctc.) containing different materials -in

different configusations, it would be impractical to
determine  the HR? of al these materials.
Consequently, the design criteria for fire protection
must-generally rely on published code information,

In the construction of experimental facilities, test
boys, and components (hoods, duets, hermetically
tealed cabinets, electrical and thermal insulations, ¢tc.)

the anaigrials of construction may.not bo covered by

standards ‘and codes, so fire protection engincers are

not able to estimate their contsibution to the total
flammable hazard of the enclosures that contain them,
Some knowledge of the HR? of the more comman
of these materia's would be helplul for fire hazard
analysis . .

We have modifitd LLL's radiant-panel
surface-flammability apparatus so-that ** can be used
to measure the HR? of materials at various flux levels.
The E~162 has a provision to measure the heat conten’
of combustion and pyrolysis gases emitted during its
normal exposure mode. However, the specimen is
oriented such that its top edge is closer to the radiant
panel than is the bottom edge. Thus, the radiant flux
to the specimen decreases from top to botton. The
modification 1o convert the E-162 to a simple heat
release rate calorimeter consisted of redesigning the
specimen  support  brackets to accept vertical
arientation of the specimen at defined distances from
the radiant panel. In this way, the heat flux will be
uniformly distributed over the surface of the specimen
at irradiance Jevels that depend on its distance from
the radiant, panel.

Two further alterations 1o the k-162 were made:

(1) the flow capacity of the exhaust duct was
increased so that it « auld :ccept the total volume of
combustion gases and smoke emitted from the
specimens, and (2) windshields were installed on the
sides, back and top of the apparatus to reduce the
effect of spurious draughts on the exposure dynamics.

Figure 49 outlines these changes by showing
schematically the cssential features of the untouched

and modified apparatus, The windshield on the right

side of the modified apparatus containg & window so
that the time to ignition and burning behavior of the
specimen can be recorded on & video system.

To maintain the simplicity of the system, we opted
1o use the same specimen holders employed for E-162.
In E-162, the samples used for surface flame spread

4
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Fig. 49. () E-162 appiratus, and (v) modified version.

are 152 mm wide by 457 mm long. In the HRZ
modification, these sample dimensions would
overpovier the capabilith < of the heatsensing elements

to disciminate between the HR2 of different

materials, Thus, simple tests were made to assess the

_ optimum size range for optional 'tgsﬁng. These were

found to be as follows: "

" 457 mm length for celiulosic #ilms”on inert
substraits, : -
152 mm length far unmodified  cellulosic
materials, o
" 76 mm length for most flammable plastics.

Al test materials were conditioned as specified in

‘the ASTM E-162 fest method. No other sample
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pre-preparation  methods were instituted, such as
sedling the edpes and back of .he tested specimens.

Figure 50 is o block disgram showing the spatial
relationship of the essential components and the
diagnostic equipment. A typical exposure involves the
following sequence:

© The radiant panel js stabilized such that the
radiometer reads 235 mV + 0.04. (This is
specified in the E-162 test method 2s a panel
color temperatute equivalent to a black-hody
nadisting at 670°C, where the .radiometer is
located at 1.2 m from the radiant panel.)

® A gpecimen holder containing a transite board test
blank 15 located at one of the calibrated test



Fig. 50. Spatiz! relationship of essential

Exhaust Gas and
components. air _ﬁl . r— air
control control
R
calorimeter
OF
r
: ]
Teletype m
paper tape e oYM
data t recorder
acquisition | | e
system r

positions until a constant output from the
exhaust duct thermopile is achieved. During this
period the pilot flame is positioned so that it will
intereept the gases pyrolyzed from a te.t sample
'at & position approximately 25 mm above iis top
edge.

When the thermopile indicates a stable EMF, the
recorders and video system are started and a
sample holder containing a test specimen’ is
installed in place of the test blank. The test
specimen ared has been sized to-insure that flames
occurring during the exposure do not reach the
thermopile.

The exposure is terminated when the specimen
has apparently been entirely consumed, when the
surface distorts toward the radiant panel, or when

. ‘the material shrinks such that the edges or back

surface become involved in combustion.

The output from the thermopile and radiometer are
zensed by a digital voltmeter and recorded by a strip
chart recorder and’ a paper tape system. The
infermation on the paper tape s transferred to
magnetic tape, and the data are reduced and plot!ed
using a PDP 11 computer.

. Because of the simplicity of test specimén
prepamt'mn and exposure mounting and becauss of our
termination, criteria, the exposure duratipn was
relatively short for all but extremely durable materials,
The maximum exposure time for wood samples that
we were comfortable with was of the order of

o

[+]

200 seconds, so we specified a 3-minute exposure as
the standard test duration. The recorded data were:

¢ The time to ignition - t
# The time to peak heal release rate b
e The peak heat rclease rate P
o The integrated first minute heat Q

releas¢ rate

¥ The .integrated first 3-minute heat Q
release rate

The total radiant energy available at the surface of
the material (H,} was calculated as the product of the
time to ignition and the panel irradiance (H), and is
used as an index of the ignitibility of the tested
material,

Table 15 summarizes the data taken during {his test
series. The materials used were of twoe categories: those
already preconditioned for E-162 tests, and those used

* in other LLL fire test programs. The column headings

are defined above. The tested materials and their
predominant gross chargeteristics are hsted in

" Table 16,

Figures 51(z2) through 51(d)} are bar praphs that
represent the P, Qp, and Q3 data contained in

* Tuble 15 atinput irradiance of B = 5.1, 4.3, 3.5and

2.6 Wem? respectively. The only materigls that show
data at all four irradiance levels arc: fire-retarded
PMMA, Benelex, fiber-reinforce; polyester, white pine,
and gypsum board. The Lexan and PVC would not
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Table 15, Heat rolemse rote parametars

' Fartminute 3 minute”
Time to peak s integraled  integrated
Input - Time to heat release | Todal energy  Peak heat heat feat
irtadianco . dgnitlon © * mte duing - .reloase rate release mie  release mte
()] LY (t) My | ® Q) Q,)
Matezh! Wiemd 6 ) o) Wiem®) Wjem?)  (Wfem)
Sheet rock 5l 363 ‘2% 185 545 38 -
43 65 2% 280 50 3.0 -
35 126 .1 s 4.1 24 -
26 W 38 M 19 24 -
White pine 5.1 M n 7, 9.2 8.5 8.8
43 3 kY, 142 126 93 9.0
15 70 44 244 9.1 8.1 4.8
26 139 47 360 10.2 84 50
Benelex 5.1 63 108 121 301 165 269
43 136 114 585 3 M.2 254
35 W 110 830 27 15 16.9
26 384 80 993 2.0 237 U6
Fibesreinforcd
palyester 51 15 ¥ 562 123 104 120
43 211 25 949 155 13.2 132
35 357 25 1250 10.5 113 91,
16 583 43 1516 14.5 10.5 120
PMMA (fire-totarded) 5.1 7 216 375 55.2 3.2 362
4.3 1 226 4 548 139 304
s 250 228 878 407 9.6° 215
. ‘ 26 512 280 1331 6.3 14.3 204
Polyvinyl chioride . 51 28° 189 142 7.8 32 64
Lexan (palycarhonate) 5 146 103 KV 3.2 16.1 28.1
Plastizcoated plywood A
petelling 4.3 40 63 172 132 9.4 84
. Plestic-covered .
porticle board 4.3 58 106 249 19.6 13.7 8.7
Acoustic celling tile 43 % 54 103 T 58 48

Blgnltlun of pyrolfzed gan at pilot flame only.

Tahle 16. Predominant chevzcteristics of tested materials

Vieight (2 Density (glem?)

Materist Calor Exposed oreq {em?)  Thickness (em)
Gypsum board White 580 0.05 64° 0544
Pine wood White 201 0693 6.8 0552
Benclex ) . Dark trown 100 0903 1470 162
_ Palyvinyt chlotide (FVC} Navy gry 100 520 198.1 165
Fiberreinforced polycster (FRP)  Light brown 100 0911 218.1 240
Loxan (polyeasbonnts) Window elenz 100 0929 1274 137
PMMA (firerclarded) . Window clexr 100 0.852 123.0 149
Acoustiedd €le White 201 L7 1369 06.384
Flostic-¢outed plywood Dark. wood graln 2601 0373 4.6 0594
Plastic-enated particle board | Hght wood graln - 20 - - 0980 146.7 6,744

g obtain woight of sisrfoéo paper comrlbutlng 1o the heof refeqde yate, the gypswm board Epmmcn was weighed, then the front

surfuco paper wea burned off ead the upccimcn rowelghed; the difference is tnu listod weighe,
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Fig. 5. Dar grophs representing heat releccs rates for different materials,

ignite below H = 5.1 Wjem?, and we had only a
limited supply of the compasite building materials (ie.,
the plastic-coated plywood and fiberboard and acoustic
tile), 50 we exposed those samples to an intermediate

irradiance level.
In all cases, the fire-retarded P:AMA exhibited a

larger P value than any of the other tested materials.
However, the 1- and 3.minute intcprated values are
comparable to or less than Benelex and fire-retarded
polyester at H < 4.3 Wfem?. This is decelving since

in all exposures, the peak HRZ for the PMMA was
not attained until sometime after 3 minutes, thus the
Q3 value did not include the period of highest heat
telease rate of the exposure. Furthermore, we note
from Table 15 that the time to ignition and the total
heat absorhed duting this pesiod are relatively high
over the 2xposure schedule. So, while this material may
exhibit high HR? values, it i5 a slow starter.

White pine exhibits the hortest time to ipmtion and

modzrately low P, Qy, and Qy values. Thus, the total
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hazard of thir or similar cellulosic materials is not
insignificant because of their relative ease of ignition.

The lowest gelease rate daa were obtdined with the

plaster board. In fact, it was not possible.to oblain-
Q3. values because the total burning daration -was of
the otder of 1 minufe.

A final report is in preparation pending further
analysis of the data, and a presentation is scheduled

at the University of San Francisco late in Janvary -

1977. 1f further research is continued with this
apparatus, it will involve the heat release’ rate of
horizent:l poois of burning liquid fuels and plastics.
Otherwise, the apparatus will be used only as 2 suvey
deiice in supiport of the Fire Safety Section of Hazards
Control. ) :
Flammable Hazards of Christmas Trecs
on Display : .

Introduction. The growing interest in general fire
safety a1 LLL has expanded the use of the Fire Test
Facility. A current request was concemed with

’potential hazards of Christmas trees displayed in

various Laboratory buildings over the Christmas
holidays. To assess this hazard, we conducted simple
tests on three excess trees during the week between
Christmas and New Years,

Description of Test. We tested a tree that had beer

allowed to dry out, along with two :trees that were
properly kept in waterfilled bases.

n
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Flg, 52, Temperoturo tise and firu duration from o ot mad 8
.y tes :

Bach trec was installed in the fire test cell and
ignited at the base by using 50 ml of isopropyl alcotiol
in  small ceramic dish. Temperature and thermal
jadiation measurements  were taken by .using a
thermocouple located at the top of the tree and 2

radiometer with a 90° viewing angle located 5 m away

and direcied to the center of the tree.
We used time lapse movles and video tapes to record

“the rate and extent of buming. We weighed the tree

before and after the bum.

Summary of Test and Results, The data recorded

'‘from each test show the difference in the buming
dynamics between a dry tree and 2 tree that had been
kept in waterafter being cut. Figure 52 compares the

temperature rise and duration of the fire from 2 wet
and-a dry tree. The difference in the magnitude and
duration of the temperature pulse is felated to the tree

dryness.
The gaph of the output of the radiometers

* (Fig. 53) shows the radiant heat released by the same

two trees.

The weight lass by the dry tree was 12 pounds, and
at approximately 10,000 BTU/pound this wonld be
120,000 BTU of radiant energy releascd. The wet trec
lost 4 pounds, equivalent to about 40,000 BTU of
radiant energy released.

These data show the potential hazards of a dry
Cluistmes tree in any environment.
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B. ). Held, A Compliance Respirator Program for the
Mining Industry, Present and Future, Lawrence
Livermoré L *oratory, Rept, UCRL-78725 (presented
at the National Safety Congress, Chicago, Iilinois,
October 19, 1976, and submitted for publication in
the National Safety News)

Until a year ago, the requirements for a respirator
program for the mining industry have been almost
nopexistent as compared to those industries that are

. ‘megulated by the Occupational Safety and Health
Administration  (OSHA). However, the Mining

Enforcement and Safety Administration (MESA) made
some major changes to Tille 30 Code of Fedural
Regulation, Part 57.5-5, conceming  respiratory
protection for metal and nonmetal mines, and is
proposing similar changes to Parts 70 and 75 for coal
mines.

The first of the changes involves respiratory
protective equipment requirements; namely, no longer
permitting the use of Busreau of Mines approved
equipment based on a “grandfathering out” of such
devices. Instead, only equipment approved jointly by
the Nationg! Institute for Occupational Safety and
Health (NIOSH) arid MESA will be acceptable for use,

The second aud most imporiant change is the
regulation that a company using any type of
respiratory protective devices must have a respiratory
program that follows the requirements set forth in the
American  National Standards Institute Z83.2,
“Practices for Respiratory Protection.”

Yen Mee Kwok, Determination of Cyanide in Sewage
Water with a Specific fon Electrode, Lawrence
Livermore Laboratory, Rept, UCRL-77991 (submitted
0 Analytical Chemistry).

A specific jon electrode method for determming
total cyanide in wastewater samples is presented, The
standard procedure of heating the sample with EDTA
did not pive satisfactory results and. modifications of
the tachnique were adopted. The interferences of metat
ions normally found in sewage water and the formation
of EDTA complexes with metal fons were studied. The
effect of heating the sample was determined, The
stability of free Gcyanide in an unireated,
neutral-to-basic solution was also investigated,

B. J. Held, J. Cross, K. P. Ellis, C. P. Richards-and

R. Rodrigues, Evaluation of One-Year Results of the
Full-Face  Respirator Quantitative Mun-Test Fitting
Progrom at Lawrence Livetmore Laboratory, Lawrence
Tivermore Laboratory, Rept, UCRT-52187 (1976).

In August 1975, Lawrence Livermore Laboratory
began to quantitatively fit all employees who are or
may be rfequired to weuw any type of fullface
respirator, After ore year, 306 emp’oyces have been
fitted. A total of 1362 tests were inade, using seven
makes of full-face respisators. Of the 306 employees
fitied, 284 were tested using more than one make, of
full-face mask.

All employees fitted could get a maximum use limit
(MUL)" of at least 100, 8% had a MUL of 100 to
49% on at least one of the makes of masks tested,
11% had a MUL of 500 to 999, 13% had a MUL of
1000 to 1399, 24% had a MUL of 2000 to 4999, and
44% had a2 MUL greater than 5000, These numbers
were derived vsing the average of the peak leakages
occurring during each of six exercises performed while
wearing eaca mask.. [f the overal! average leakage
occurring during the six exercises rather then the peak
average is used in the calculations, 90% of the
employees could obtain a MUL over 1000 on at least
ore make of mask,

G. 0. Nelson, C. P, Richards, R. D. Taylor, A. H.
Biermann snd H. H. Miller, Enhanced Fiitration:
Jamary-March 1976 Progress Repor!, Lawrence
Livermore  Laboratory, Rept. UCID-16949-76-1
(1976).

Twelve types of filter media were placed in an
electric field and ‘their cfficiency was tested using a
sodium chloride aerosol (aerodynamic massmedian
diameter was 0.82 micron with a gec.netric standard
deviation of 1.91\. Fibrous glass and polypr ipylene
materials show the best overall efficiency and
pressure-drop characteristics.

G. O. Nelson, C. P. Richards, R. D. Taylor, A. H.
Bierman and H. H. Miller, Enhanced Filtration:
April-June 1976 Progress Report, Lawrence Livermore
Laboratory, Rept. UCID-16949-76.2.
Dielectrophorcitc  filtration  experiments  were
conducted on glass, polyeste,, dacron, teflon, wool,
acrylic, and polypropylene filter media. A
polydispersed (og = 2.0, ammd = 0.97 um) sodium
chloride particle was used as 2 fest aerosol. All

materials exhibited significant increases in efficiency

“The MUL for a res *rator is a member which is the multiple
of the permissible TV. .. or excursion limit for ‘oxic materials
or the MPC, for radioacti materials ang is obtained by
dividing 100 by the percentage facepicce leakape

0o\
MUL = g Tetkage /.
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with’ 1nmasmg fleld strengths, Efffciencies, of >99%,

could be obtained from glass fiber mats Jusing a
13 kV/cm electric field at 16.3.cmfs face velomy

" CL Gmham Acce!eraror \aj'ety Prograr at Lawrence

-Livermore ~ Laboratory, . Lawrence.. - Livermore
Laboratory, Rep:, UCRL-78600 (presented -at the

. .Fdurth Conference on  Application ~ of Small
< Accelerators, North Téxds -State Umvemty, Deriton,
" Texas, QOctober 25-27, 1976).

Toplcs dlscussed cnncerrung thc accelerator safety
program at the Lawrence Yivermore Laboratory

_mclude the des:gn criteria of accelerator shitlding, the

‘use of physical barriers, interlocked safety systems; and

remote area radiation monitors. Personnel dosimetry v

sequifements, administraiive controls for accelerator

. startup procedures, reentry ‘procedures, and general -
" operating procedures are alsa discussed. Examples of

the radiation alarm and radiation safety systems for
specific accelerator Facilities are also given. °

J. H. White and C.W. Sundbeck Estimates of Cosmic
Radistion Using TLD Measurements, Lawrence
Livermore . Laboratory, Rept, UCRL-78423 .(1976).
In analyzing CaF,:Dy (TLD-200) data from the
environmental monitoring program at the Lawrence

Livermore Eaboratory, a quantity of significance is the

dose to the thermoluminescence dosimeters during

shielded storage. This paper -describes 2 method for

tetermining this shield dose, which can then be related

" _to'the dose from-cosmic radiation. Data, based on ‘

querterly TLD exposuse periods, show a range of 42-56

 prads per'day in a 75 mm thick lead shield. Observed

!

variations in the shield dose hdve Jed: to studies of
prolonged exposure of TLDs to elevated and reduced

" temperatires typical of these in the Livermore Valley.
A, I Toy, Thomes Boegel, and J.-J, Cohen, An

Objective Funciion for the Ervironmental Assessment

v of Waste ‘Mongeritent -Systerns, Lawrence Livermore

Laboratory, Rept. UCRL-78727 (presented at The
Waste Management 1976 Conference, Tucson, Arizona,
Qctober 1976). ) .
Varius methiods are-discuased by wluch one might
judge the impact of radioactsve waste management
systems. The most significant impact is radiation dose”
to man. Existing ways of assessing radiation dose
significance during normal and accident sequences are
discussed, We have postulated that a mew way to
measure radiation dose significance for the nuclear fuel
cycle is-to caleulate population dose per unit of

" electricity generated. We also offer some. evidence

which indicates the mdmacuve waste manzgement
program éan be sccomplished using, as a limit,
0.} man-:em/'negawatt (e]ectncal)-yea..

CT Prevo, Use of the Borrmann Effect to Produce

‘Nexly Monoenergenc X Rays, Lawrence Livermore

Lzboratory, Rept, UCRL-78252 (1976).
The use of the Borrmann effect to produce nearly

*'monoenergetic X rays is described. Both theoretical and

experimental results are presented for the enesgy range

-from . 15 to 55 keV.. Peak shape, fullwidths at

half-maximum, and intensiﬂes are discussed. In
addition, a brief descnptmn of 4 computer code for

calculating the theoretical results is given.
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