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Foreword ' i ' • ' 7 : r > - i , -

This report is.divided into three major sections/The first section,; 
Progress Reports, covers'.the status of activities undertaken or 
continuing during the period; additional reports,or separate 
publications will cover the final results of these activities. The second 

'section, Technical Notes; contains reports on interesting activities of 
a more limited scope, on which further reporting is not anticipated. 
The third section hsts recent publications.' 

Readers who are interested in more detail regarding any item may 
contact the authors of the reports who are listed in the Contents, 
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Progress Reports 

RADIATION. PROTECTlSni- < - — 

Continued Realistic Phantom Development 
Introduction. Continued construction of therea'dstic 

phantom for calibration of transuranic isotope Jung 
• counters^''? is discussed^in this progress report-
. Current work includes final' shaping of fee torso cast, 
development o f a' technique / o i making foamed plastic 
lungs loaded with transurariic.'isotopes,' casting of 

, tissue-equivalent (T.E.) organs, and acquisition of rib 
cages for the second and. third phantoms. 

Torso Cast. In the previous progress report 3 we 
noted that a n - important criterion of phantom 
construction is that the torso shell will have a thickness 
which simulates the x.ray attenuation of the chest wall 
of a.very thin individual. Specifically, this means that 
the average transmission of plutonium x rays through 
the T.E. material overlying the lungs is equivalent to 
transmission through approximately 16 mm of lean 
soft tissue. The torso cast made from .the cadaver 
which was the source o f our first rib cage, has now 
been altered to the necessary shape i(Fig. I). We made 
'be alteration by vacuum forming a thin plastic replica 
of the toi°o 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 
torso cast to' yield the final torso. "Chest plates" will 
now be made o f T . E . material to overlay the phantom 
to simulate differences in human stature. 

Lung Costing .and Loading. Our Plastics Shop has 
prepared a formulation of commercially available 

Fig.' 1, H u m toito model with lilicotie mcldi, 

polyurethane which will 'give us a density of 
0.25 g /cm' wHch is equivalent to the nominal density 
of human lung: The material ;we use is polyurethane 
ft am 3 940D (Black) available" from the CPR Division 
of Upjohn Corp. The re^mmended formulation has *•• '• < -
been altered by our Plastics Shop personnel to yield 
the desired density (30.0% I940D component A, } 
68.4% 194GD component B, 0.15% water, and 1.45% 
acetone lanthanum nitrate solution). Our recent 
experience is that there i s batch-to-bateh variation in 

-, the foaming properties of the material; so specific tests ••[. 
must be made before use. Figure 2 shows a cast lung ' 
and silicone mold. We coat the finished lungs with a 
thin skin of unit density polyurethane to avoid •i, 
contamination by radioactively loaded lungs. 

., One major concent over the foamed lungs and other 
polyurethane organs, for that matter, is the ability to 
introduce transuranic isotopes uniformly • through 
finished organs. We now believe that can be done by 
dissolving the isotope in nitrate form in dry acetone, . ' ! 
using lanthanum nitrate a i a carrier. Dry acetone is 
important because unwanted water accelerates ihe 
polyurethane foaming process and alters the finished 
product. At present we are using 3 to 10 ml of acetone 
with up to 1Q% lanthanum nitrate in eich lung section. 

Of course, a key to the loading process is knowing 
that the radioactive material (essentially lanthanum) 
will be uniformly mixed through the lung volume; To 
test loading uniformity ̂  we made a Jung loaded only 
with lanthanum (no radioactive material). The Jung was 
sliced atongthe plane having.the largest cross-sectional 
area. Then, using a system which measures elemental |. 

Ffg, 2 . Founed polyitfetfiine "tung"'wiBi aliwit; nicrds. 



concentration by x-ray fluorescence, we mapped the 
relative concentration 'of lanthanum in the liing, The 
result is shown.in Fig, 3. The measured variation,in 
concentration oflanthanum through the organvolume 
is certainly acceptable for our requirements. 

Organ'Casts. Fabrication .of the silicone molds of 
other major organs has been reportecLbefore,3 We have 
now cast replicas using our T.E, plastic formulation 
(43fo calcium carbonate,' ;95.7%'-. polyurethane). 
Figure 4 shows the T.E. heart, kidneys and liver 

'together with the actual organs. . 

' New Rib Cages. We plan to build three phantoms 
in order to meet the needs, of the' traniuranic 
measurements ititercomparison program.1 rVe have, 
IKW obtained rib cages M u s e in phantoms 2"and'3. 
Although there are some differences, the new rib cages 
appear to fit well on the existing organ'casity mold. 
The second rib cage does' present an interesting 
example, of human anatomical variability; There is a 
bifurcation of 'he cartilage that connects the third rib 
on the left side to the sternum (Fig. 5). As a result, 
the, rib itself'is unusually wide at the point of cartilage/ 
attachment. This kind of aberration is not uncommon, 
and occurs during embryotic development. To 
maintain uniformity of the three phantoms, the rib 
wili be trimmed before construction, and a normal 
plastic cartilage replacement will be used. 

Work Remaining. Before casting the first torso! we 
must mske. cartilage-equivalent segments arid attach, 
them tu the ribs and sternum. After casting a torso 
without rib's to test the molding process, we will .make 
the first phantom torso. We must ilso make T.E. organ 
cavity filler for space not occupied by major organs.' 
This will include provision for tracheal lymph nodes. 

@- '"':'© ,; B © 

Fig, 3, Cross section of liing with map of lelatiye lanthanum 
content 



We will make a. set of unloaded lungs as well as lung 
sets, liver, and lymph nodes loaded with 2 3 8 P u , 2 3 5 P u 
and 2 4 , A m ; Finally the first phantom will be 
completed by casting T.E. chest plates to he placed 
on 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 Norm Boyer, Robert Taylor, and the Plastics 
Shop personnel for their help and interest in all phases 
of the plastics work, Rol srt Jones at the University. 
of California, Berkeley Campus, Museum of Vertebrate 
Zoology, for his help in preparing the rib cages, Ken 

• .Hulet'of our Radiochemistry Division for his advice 
on incorporating radioactive material in the organs, and 
Sexton Sutherland and Jerry Ritchie at the University 
of Califcuria Medical Center, San Francisco, for their 
help in obtaining the rib cages. 

Calculated Response Matrix for a Collimated 
2 X 2 NaKTl) Camma Hay Detector 

Several small NaI(D) detectors are now being used 
at I I I to measure gamma-ray energy spectra for the 
purpose of determining dose rates, and to verify 
transport calculations. Trie gamma-ray continuum is of 
particular interest here since only a small ponion of 
the total dose rate is due to unscattered photons. 

' Consequently, a simple photopeak integration is 
inadequate for our purpose.' Instead, the pulse-height 
response of the detectors to monoenergetic photons, 
must be determined and unfolded from- the 
pulse-height data to provide the full gamma-ray energy ' 
spectrum. 

A code called GAMREDUX is currently under, 
development at-LLL for the purpose of unfolding ; 
gamaa-ray pulse-height data. It is a successor to the. 
GAM3PEC code 4 and uses the unfolding strategy, from . 
Mollenauer's GAMSPEC.5 Due to the small number .. 
and limited energy range of available mrfloenergetic. 
photon sources, the pulse-height response matrix 
cannot be determined experimentally for photon 
energies above.about 1 MeV, The response matrix for 
our system is being calculated using, a coupled 
photon-electron transport Monte Carlo code called 
SANDY!.* Upon completion of the response matrix 
calculation, the results will be parameterized in the 
form'used by Berger and Selzer.'A set of parameter 
data is then used by the LLL eode'GAMRESP8 

(described elsewhere in this report) where a smoothed 
and rebinned matrix is produced for input to the 
GAMREDUX unfolding code. , 

Pulse-height response of the NaI{Tl) detector is 
described, using the definition? from Ref. 7. First, the 

response function RfEjJi) is given by Eq. (1) below: 

/

DO 

D(E 7 ,E d ) G(E dJi) dE d 

(0 

where 
R(EyJi)dh = probability that a. gamma-ray 

incident on .the detector with', 
energy E~ will produce a pulse 
with height between h and 
h + dh. 

Tj(Ey) = probability that an incident 
gamma ray at energy E~ will 

•interact at least once in the 
detector.' 

•DfE^E^dE^ = probability that the gamma ray, if 
it interacts in the detector at all, 
will deposit an amount of e.iergy 
E a between Bi and E d + dE d . 

• G(E d Ji)dh = the probability that the deposition 
of energy E d will give rise to a 
pulse with height between h and 
h + dh. 

Then the pulse height distribution Pfr) is given by 
Eq. (2) below for a gamma-ray differential flux, 5(E) 
pliorons/em2-s-MeV: 

P(h) = A T / R(ET,h) (6(Ey) dE T (2) 

where 
T = length of data acquisition (s) 
A = effective cross-sectional area of detector (em 2). • 
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If,the,pulse-height distribution is binned into several 
groups of width AE h and the gamma-ray energy 
disiribution is binned into groups of width" AE then 
Eq. (3) below relates the contents of these bins:' '. 

T v̂ (3) 
•J. 

, where • ,•.;;;,.• , ' 
' Pi = counts in the ith pulse height bin, 

0j =' photon flux' in the \th bin, 
Rlt the detector response matrix, given by 

Eq. (4) below: 

.Rj, = AT AEyiEhT,; £ D i k By (4) 

The purpose of the calculations described below is to 
arrive at an estimate of the deposition jpectmm, 
D(Ej,,E,j). This estimate is then smoothed by the 
resolution function, G(E aJi), and the detector 
response matrix R' is calculated according to Eq. (4) 
above._ • • , ' . . ' 

Results to Date. Calculations for an iincollimated 
3 X 3 Nal. detector have been carried out. and 
reported in Ref 7. the measurements we are currently • 
undertaking require a collimated detector since the 
gamma-ray background is often very high in the area 
where spectral measurements are earned out, and this 
background varies significantly during the period of 

some measurements, Consequently, the collimator 
shown( in Fig. 6 is used to reduce the detected. 
background. However, a penalty is paid for collirriation 

• because the pulse-height response of the detection 
system is complicated by photon interactions in the 
collimator. Not only is there a significant 
Compton-scatiered photon intensity from trie 
collimator, but there is also bremsstrahlung'radiation, 
lead x rays, and, for photons above 2 mc 2 there is 
511 fev annihilation radiation. 

At present, the pulse-height response of a 2 X 2 
NalCTl) detector located .in the collimator; asfcshown 

.is being calculated, For'purposes of calculation tbT 
photon source is assumed to be a point, monoenergetic 
source with uniform angular intensity over a cone 
which illuminates the-collimator face to a radius of 
10.5 cm. The radius of illumination was restricted due 
to 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 S D U r c e 

photons). Photons and electrons were tracked until 
their energies were reduced "below 50„keV, at which 
point their remaining' energy was deposited.' All 
bremsstrahlung and fluorescence photons were tracked, 
as' well as photoelectric and auger elections, Knock-on 
electrons were not followed. Each problem consisted 
of 3-5 X 10" source photons. Statistics were poor 
since only about 1000 to 1500 of these interacted in 
the detector. The results were th • smoothed to obtain 
the best'estimate of the detector response. 

These calculations are hot yet complete, but some 
of the' results obtained so far are given below. Figure 7 
shows a plot of P f l ) Pj and P 2 which are the fraction 

-1.0m 

Point' , _ . 
":'*>=C 

Source - * " 

165 ram 

... , 101 ran. 
Angle of t v " '. 

•k. j_source illumination 

Fig. 6. Soicce-defector-collimator geomeliy. 



of interactions in the detector which contribute 
respectively to the full energy peak (FEP), single 
escape peak (SEP), and double escape peak (DEP). 
Table 1 contains a tabulation of the same data. Values 
of PQ are in good agreement with' those obtained by 
others. 7 ' 1 0 . 

In addition to the photo peak and sscape peaks, 
the pulse-height spactra also exhibit a peak due to 
escape of iodine x-iay fluorescence photons and apeak 
at 511 keV due to positron annihilation occurring in 
the collimator for photons above 3.02 MeV. No effort, 
has yet been made to characterize.the iodine escape 
peak.. However, the -5H-keV peak has been treated in 
a manner analogous to ths escape peaks.'A parameter, 
P4, is the ratio of counts in the 511-keV peak to the 
total number of detector coants. This is also plotted 
in Fig. 7. 

Absolute peak efficiencies may be obtained from the 
product of the detector efficiency, J)(Eo), and the 
appropriate peak fraction parameter P Q ^ . Total 

•MeV 

emciency is caicwaiea irom 
given by Heath, 1 1 and is 
detector in Fig, 8. 

jienai t 
plotted 

Dial cross section 
for the 2 X 2 

Fig. 7. Pcak-to-total ratios. JP0 

Pj = single escape peak, P:2 ~ 
P 4 = 0.511-MeV peak. 

= full energy peak, 
double escape peak, 

Table 1. Ba**t* f pf)r*'3'inw** J A H O v *3 ftlnl # J A + A A 4 M » _ ^ b — Table 1. rcaK TrSCuOnS TO £ /\ C 

• ' \ 
P, VZ P4 

a i l2 MeV 1.0 0.93 
.15 1.0 .95 
.207 . 1.0 , .88 
.238 0.99 .85 
.295 .96 .72 
.332 .93 .71 
451 .92 .67 
.375 .90r .65 
.413 .88 .62 
,450 .86 .59 
.511 .82 .53 
.583 .79 48 
.609 .78 47 
.662 .76 46 
.727 .74 42 
.835 .71 .38 ,..: r 

0.911 .70 .'34 f 
1.001 • .68 ' XI 
1.764 .56' 3.1 0.0075 0.0075 0.018 
2.200 .53 49 .029 .019 ,023 
2.615 .51 "• J .17- ' .043 .035 ,040 
2.900 .50 .13 .032 .051 •' .027 
2.23 49 .12 .031 .044 .083 
3.70 48 .12 .066 .062 .068 
4.43. 48 .090 .055 .058 .118 ' 
5.80 48 .074 , .090 .067 ,152 
7.66 049 0,037 0.063 0,035 0.125 
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Fig. 81 Total efficiency fof 2 X 2 Nairn) gamma-ray 
. detector. 

Finally, Fig. 9 shows the calculated pulse-height 
response at selected incident photon energies. 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 the1 respbnsss 
due to large-angle Compton -scattering is also 
prominent for photon energies in the range 0.5 to 
2 MeV. • 

It is clear that an innei shield, 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, including a 1 X 1 and a 3 X 3 
detector in the same collimator. 

We anticipate calculating responses for the 1 X 1 
and 2 X 2 detectors with and without collimation, 
and will parameterize ihe results-for comparison with 
the 3 X 3 data given in Ref. i. ' '••• 

Developments in a Combined Albedo 
,, Electrochemical Traclt Etch 

Personnel Neutron Dosimeter 
Introduction. In previous progress repotts , 1 2 " 1 4 we 

' have discussed the electrochemical etch "(ECE) 
technique and its potential use in personnel neutron 
dosimetry. . We have presented data on the 'etching 
process, the subsurface nature of. tracks, .and the 
mon-xnergetic neutron response of EGE--using. 

• polycarbonate detectors. Jn' this report we present 
further data on the etched'track structure, the 

.'phantom-mounted response of 'ECE samples to 
distributed energy neutron sources, and use of the ECE' 
technique in combination with albedo dorimeiers for 
personnel neutron dosimetry.,'; 

Tract Structure. The ECE process involves caustic 
etch of damage trails or tracks1 resulting from. 

movement of heavy charged particles through, a 
• dielectric" such as polycatbonate.vk ECE, an ac field 

is applied through the sample 1 2 to accelerate the 
.. etching process. The result is a ''treeing" effeckcaused 

: by the electrical stress, so that* the etched volume in 
the sample develops as tree-like branches with the 
"trunk" being the tiny: surface pore which allov's the 
etch products to be removed from the sample. As the 
etching proceeds the tree volume iscleaned out, leaving 
a large void under the film surface. The size of the 
volume varied from track to track, but with our etching 
process, (0.25-mnr sample thickness, SOO-V. potential, 
2-kHz frequency, 28% KOH. at/room temperature) the, 
dosimeter is typically 0.07 to 0.1 mm in diameter 
after a 5-hoiir etch;'. 

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

.a comparison of the size and shape of typical tracks 
for etching periods between -2 and 5 hours. The track 
structure; of the 2-hour track is not clear 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 early 
etching process in the track near the surface allowing 
etchant to enter a second damage trail deeper in the 
sample.' 

In a recent paper' 5 it has been noted that tracks 
etched with equal parts of ethyl, alcohol and 28% KOH 
are much larger than those etched only in RUH 
solution. We etefwd some samples tinder both 
conditions, and the tracks using ethyl alcohol and KOH 
are indeed much larger than those with KOH alone. 
However,'the background • with the combination 
solution- is also much higher, and is totally 
unacceptable for our purpose. It is interesting, though, 
to compare the track shapes from the two processes. 
Figure 1.1 shows that the combination etchant yields 
a track that is much more tree-shaped than tracks from 
the KOH alone. 

Neutron Response Stu'iies. The ECE technique with. 
polycarbonate detectors is insensitive to neutrons 
below about: 1.5 MeV. 1 3 It cannot be used as a 
full-energy-range .iosirrieter In-addition, ihe etching 
and counting p'ocess does not lend itself well to the 
automation required of a facility using many personnel 
dosimeters; It does, howeve,-, represent an attractive 
addition to widely used albedo dosimeters. Albedo 
dosimeters, though sensitive and easily automated, 
have a dbse-equivalent response that is highly 
spectnimJependent and lelativdy insensitive to fast 
neutrons. Polycarbonate foils can be added easily to 
many existing albedo dosimeters. If processed only 
when there is a positive response on the automated 
TIT albedo detector, they would represent a much 
'needed fast neutron' component for the dosimetry 
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Fig. 1 0 . Crow section of FCE backs in polycarbonate after etch in 28% KOH, 2 kllz and 800 V (20(K). (a) 2-hour etch, (bj H o u r 
etch, (c) <Miour etch, (d)5-hom etch. ••-' .,.- . 

Fig, 1 1 . Croa section of ECE tracks in polycmboflit: after 4-h'QUtctch at 1 M b , 800 V (260X j , (a) Equd p a t s of ethyl alcohol 
and 28!". KOH, (b) 28% KOH. • , 



system. In addition, we have previously shown" that 
the ratio of tracks on two" sides of an ECE sample 
is dependent on neutron direction. Use of h'CE in a 
personnel dosimetry could provide information on the 
orientation of the wearer that would be very valuable -
in the. detailed investigation, necessary following high 
exposures. 

We have made neutron irradiations using water-filled 
phantoms to study the performance of a combination 
albedo-ECE dosimeter. Hankins-type albedo 
dosimeter1 6 and polycarbonate samples were placed 
on the front and back of a stationary phantom as well 
as on one side of a turntable-mounted phantom that 
rotates at 3.7 rpm. Sets of dosimeters were irradiated 
with the center line of the phantom at 1 m from the 
source. The sources used were 2S2C(, 3 3 8 P u B e and 
14 MeV neutron from a laboratory neutron generator. 
In addition, we made irradiations with the 2 S 2 C f 
source in spherical moderators: 10-cm polyethylene, 
25-cm water, 25-cm D 2 0 and 20-cm Al (dimensions 
re/L- to Sphere radius), The dose equivalent c. each 
irradiation was nominally 1 rem. The dose-equivalent 
value was taken as the average of the dose equivalent 
determined By multisphere measurements and discrete 
ordinates computer calculations. 

TLC600 from the albedo dosimeters were read and 
evaluated by people in our Personnel Dosimetry 
Group. The data have been corrected for gamma 
background using neutron-insensitive TLD 700 
crystals. The response is presented in terms of 6 < ) Co 
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 needed to see the tracks on each, surface ' 
separately so we car. determine incident to 
exit-surface-track ratio. We counted 12 cm 2 , but ECE 
response is given in track density from the sum of both 
surfaces. 

The irradiation results are summarized in Table 2. 
We notice that the dose-equivalent response'of the 
albedo detectors is severely dependent on the neutron 
spectrum, which, reflects a basic problem with, that 
type of dosiuc.'ir. However, we can use the 
relationship between albedo and ECE response to 
predict the aihcdo i tera t ion factor. In Fig. 12, the 
albedo respon? has teen plotted against the ratio of 
ECE to albedo response. The lines represent • 
least-squares fits calculated with a common pocket 
calculator. The fits have been obtained without the 
aluminum-moderated data because' even a combined 
• ECE-albedo system would not be able to predict the 
proper albedo dosimeter tesponse to_ a 
metal-moderated source. , 

The fit for each set of data is of the form 
In A - a - b In B where A is the albedo response 

t and B is the ratio of ECE to albedo response. Table 3.„ 
summarizes-the values of a and b. It is interesting,but 
not too surprising, tqjiote that the slopes of the lines 
fitting response of the rotalir.g phantom and the 
front-mounted dosimeter on the stationary phantom 
are almost the same. Tfiis is because almost all of the 
ECE response on the moving phantom occurs when 
the phantom faces the source. The fits described here 
are simple and are intended lo demonstrate a 
relationship. More detailed work will be needed to 
define the proper relationship. 

If we were to use the data on the three curves 
accurately, we need to know the geometric condition 
of exposure. Information to help on this problem 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 air-side to 
phantom-side track density on the phantom-mounted 
detectors. For fission or mctoated.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 
ratio of about one for fission-generated neutrons would 
suggest that the exposure was more isotropic than 
unidirectional. 

Summary. The data presented here strongly suggest 
that addition of the fast neutron sensitive ECE 
polycaibonate detectors 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 significantly different 
response than the albedo badge so that an estimate 
of spectral quality becomes available. In addition, ECE 
provides orientation information not otherwise 
available. Of course, other fast neutron detectors such 
as NTA film or fission tract detectors would also 
improve .the use of albedo dosimeters, but Jack the 
ability to determine orientation. 

Acknowledgments. I wish to thank Leroy Davis of 
our Special Projects Division for etching the ECE 
samples, Dais Hankins of our Radiation Safety Division 
for his help with use of the albedo dosimeters, Carl 
Sundbeck of Radiation Safety for processing the 
albedo dosimeters, and Wade Patterson for the 
computer-calculated dose-equivalent estimates. 

CAMRESP: A Computer Code to Calculate 
Wal(Tl) Gamma Detector Response Matrices 

We have written a program to calculate Nal detectot 
responses using parameterized response tables as 
discussed, by Berger and Seltzer. 1 7 The parameter 
tables account for escape .peaks, "iodine, rad x ;iay 
escape, multiple scattering, and bremsstrahlung. 



Table ?.. Response of albedo and electrochemical etch (ECE) polycarbonate 
detectors to distributed energy neutron sources . — 

ECEP3 Albedo 

Track* cm" rem t Psd rem'1 

Phantom urientatioi) Phantom orientation 
Source.. Front Rotating- Reai Front Rotating Rear 

2 5 2 c f • 47 '11.9 3.5 • 0.151 ' A 6.098 0,059 
CT in 10 cm CH a 32 14.7," . 3.3 " 0,55 • ' 0.30 0,038 
CC:in 25 cm HjO • 42 17,8 6.1 ' 0 4 3 ' , ' 0.234 0.030 
Cf in 25 cm D^O •23 8.0 18 ' '.'34 1.81 0.239 
Cf in 20 cm Al 14 'V ' 1,3 o;2s . 0.158 0.070 
2 3 8 PuBe 97 - 31 15 0.192 0.079 0.0W 
14 MeV '94 41 30 a042 0.031 0.035 

Background - \,\ tracks * cm ,. . 

Had response based on a Co calibration. 
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Fig. 1 2 . Albedo dosfeietei dose equivalent response as a function of ECE-tc-olbedo response ratio, 1. Cf — 2 5 c n i D , Q , 2. C f -
20'cni Al, 3 : * - 10 cm CHy 4. Cf - 25 cm HjO, 5, s f 2 C f , 6. PuBe; 7 . 1 4 MeV. 
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GAMRESP calculates the response at a series of 
input deposition energies for each source energy as 

RtE^uOy 

X J D ( E r E d ) G ( E d , E d - E d . ) d E d . , 

(5) 

where: 
' R(ET,E,i) is the final calculated defector 

response matrix in counts/MeV 
per unit incident flux, 

n(E T) is the wobability that the incident 
gamma ray will have at least one 
interaction in the detector, 

D(E,„Ed) is the probability that the gamma 
ray will deposit an amount of 
energy between E d nnd E d + AE d , 

G(E d > E d - E d . ) is the Gaussian smoothing 
function to distribute the response 
spectrum to the proper resolution 
of a particular detector,, 

Ey is the input array of source 
energies, 

E d is the input array of deposition 
energies (one array per source 
energy). 

' An intermediate response R ^ ^ , ) is calculated using 
200 equally spaced energy points, Ej,, up to Ey. 

D(E~J%) is calculated in two parts. First, the 
appropriate' intensities are placed at Ey, Ey-mc2, 
Ey2rnc 2, and Ej-29 keV when applicable. The peak 
values are chosen by interpolation from a 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 tn A • (a -b) In B-

3 

Table 3. Constants for the 
equation tn A • (a -b) In B-

3 b 

Stationary phantom, bout 
Rotating phantom 
Stationary phantom, rear 

2.53 
1.6.1 

•0.441 II
I 

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 
[t?(Ey)] at Ey. Efficiencies were obtained from the 
polynomial: 

H(E7) = 0.8 - 0.423 l o g l 0 Ey + 0.076 (!og, 0 Ey) 2 

* 0.309 | log ] q E 7 )3 

• 0.118 tlofiiQ Ey)+ ' Ey > 200 keV (6) 

flCEy) = 1 . 0 Ey < 200 keV (7) 

This polynomial was obtained by- fitting a table of 
3 X 3 efficiency values. 1 7 

G(E d ^ . a • E d . ) is the Gaussian smoothing function 
applied to R(E,y,Eb). The resolution (FWHM) of the 
Gaussian is determined from the input parameter 
R n ^ d (resolution of the detector at 0.661 MeV) by 
the relation in Ref. 17, 

Resolution = R„ 6 6 1 (0.661/E,,) 0- 3 4. 

The Gaussian smooth retains the area to within 1%, 
The final smoothed response R(Ey,Ed) is 

constructed by interpolation from R f K j y . The array 
E~ and the matrix £ d may be iriut or calculated 
inte/rially. '• 

Tab!? 4. Ratio of trade density on air side to phantom side of ECE 
polycarbonate samples 

Stationary phantom 
Source , Front Bear 

2 5 2 C f 1.7 0.4 
a in 10 cm CH2 

10 0.3 
Cf in 25 cm HjO 1.3 0.4 
C in 25 era DjO U ;. o.2 
Cf in Al 2.1 • 0.2 
2 3 fWfci 1J6 0.7 
14 Vt>V: . 1.0 0.8 

Rotating phantom 
E . 

1.9 
1.5 
0.8 
0.9 
0.8 
i.a 
0.9 



Fig. 13 . 3D plot of calculated SO X SO response matrix. 

A plotting package is included in the code to display 
the respond in various configuration.0. 

Figure 13 shows a three-dimensional log plot of a 
calculated SO X 50 response matrix. 

1 MeV<E < 10 MeV 1 MeV < Ed < 10 MeV 

In this case, equally spaced values of Ey and E^ were 
chosen for ease of plotting. 

If dusired, any set of fy and E,j may be chosen 
in the range of 50 keV to 10 MeV, Any size matrix 
may be chosen (even non-square) up to 100 X 100. 

At this writing, only the peak and continuum 
parameter" :tables in Beiger and. Seltzer 1 7 are being 
used, but a photon transport code SANDYL is being 
run to calculate peak and continuum parameter tables 
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 Self-Contained-
Breathing Apparatus Exposed (Stored) 
to V-rioiis Temperatures 

Introduction 

This study was undertaken to determine the adverse 
effects of storing self-contained breathing apparatus 
(SCEA) in temperature.extremes that can. occur in the 
diverse operations of Hazards Control, For example, 
Fire Department SCBA is stored in compartments 
located on the fire engines (or on trucks) at the 
Livermore site and at Site 309. This equipment is 
exposed to ambient air temperatures in.'excess of 
37.S°C (100°F). At the Hoe Creek*. Coal Gasification 

• site in Wyoming, SCBA have been stored in unheated 
buildings that during . the winter months reach 
temperatures Df -46°C (-50°F). Temperatures of-46°C 
(-50°F) are also experienced during air,shipment'of 
SCBA in unheated aircraft cargo holds. 

It is suspected that environmental temperatures may 
be relatedto maintenance problems experienced by the 
Respirator Branch of • Hazards Control, and to 
malfunctions found occasionally at field sites. 
Main*;nance of facepieces (facepiece lense sealing and 
rubber deterioration) • >is unusually high' at the 
Livermore site and Site 300. Air cylinder leakage has 
been found in SCBA.stored at the Hoe Creek operation 
and those shipped by air freight. 

To isolate and identify the effects of temperature, 
complete fully charged SCBA were placed in an 

environmental chamber with controlled temperatures 
and humidity for definite time periods. A visual 
inspection of the apparatus and the major components 
was made after each exposure. The device was then 
donned and operated to make a subjective analysis of 
performance. 

The SCBA tested were as follows: 
. • Scott Air Pak (6000 series) 

• Scott Air Pak II (9000 series) 
• MSA Air Mask 401 w/CIearvue 

facepiece 
• MSA Air Mask 401 w/Ultravue 

facepiece (silicone) 
•'« MS,A Air Mask 401 w/Ultravue 

'facepiece (Hycai rubber) 
• U.S; Diver's Survivair 

(silicone facepiece) 
• U.S. Diver's Survivair (neopiene rubber facepeice) 
« Robert Shaw (formerly Lear Siegler) 5-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 were noted for each SCBA configuration: 

• Scott Air Pal: (60CO series) 
- air cylinder empty (part No. 6102-1, 

ICC No. 3AA-2015) 

12 



- exhalation valve diaphragm 
collapsed and frozen 

- regulator valves f««en . ;' 
shut 

- lense shattered when accidentally dropped 
- ftcepiece very rigid (hard), • 

edges sharp 
Figure 14 demonstrates the friability of *he Scott 

6080 series facepiece lense. when stored at -32°C 
(-25°F). The facepiece on the left shattered when 
accidentally dropped during examination, The other 
facepiece was deliberately dropped to verify the 
friability of the lense material. 

o Scott Air Pak II (9000 series) 
- air cylinder leak (600-lb pressure loss) 
- air leak at inlet to 

regulator 
- exhalation valve .diaphragm 

collapsed 
- facepiece very rigid (hard) 

* MSA Air Mask 401 w/Clearvue 
faeepiece 
- breathing tube • jry rigid, 

low flexibility ' > 
- main line valve leakage at 

regulator 
«> MSA Air Mask 401 w/Ultravue 

facepiece (silicon.*) 
- breathing tube very rigid 
- regulator control valves (main and bypass) hard 

io operate 
o MSA Air Mask 401 w/Ultravue 

facepiece (Hycar rubber) 
= - breathing tube very rigid 
o U.S. Diver's Survivair (silicone facepiece) 

- nosecup valves unattached 
(see Fig. 15) 

- breathing tube .rigid 
o U.S. Diver's Survivair (neoprene rubber facepiece) 

- facepiece edges sharp and stiff 
- breathing tube rigid ' 

8 Robert Shaw (formerly Lear Siegler) 5-minute 
escape capsule 
- hood stiff 
- hood breathing tube connection brittle, breaks 

easily when unfolding 

Figure 16 illustrates the breakage experienced when 
vis tried to unfold the air capsule stored at -32°C 
(•2S°F). The breakage occur id where the breathing 
tube adapter is fixed (heat:sealed) to the, plastic hood. 

Donning Test. After a 2-minute >isu?l inspection, 
each unit was donned by an experienced SCBA user 
to determine facepiece fit during an irritant smoke 
tube test. Fitting quality is summarized in Table 5. 

The test subject experienced noticeable throat and 
chest discomfort while breathing the chilled, dry 
compressed air. As a result of this, the wearing time 
of each unit was limited to 3 4 mii.ates. This 
discomfort made it difficult to assess accurately what 
was described (by the test subject) as sensation of 
restricted air flow and increased exhalation resistance. 
These factors .."will be further examined with 
instrumente-1 bench test procedures, using a breathing 
simulator, during the next quarter. 

Additional tests will be conducted to determine the 
frequency and cause of ai- cylinder leakage due to cold 
temperature exposures. 

For the'present time it is recommended that SCBA 
air cylinders, air shipped and/or stored at sites with 
temperatures below O.U°C (32° F) be inspected on 
arrival or daily when such a condition exists. 

Hot Storage SCBA Test 

The SCBA were exposed to ambient 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 Suited, and 
it was not determined if the SCBA components 
reached temperature equilibrium. A lack of 
information and experience with these exposure 
temperatures dictated that a prudent policy of caution 
be followed. The. results,, subjective in nature, 
identified the potential (and some real) problems that 
are to be examined more thoroughly with 
instrumented test procedures using a breathing 
simulator. 
. In general, it was observed by the test subject that 
the black-colored facepieces, particularly those having 
the greatest mass (and accordingly the highest degree 
of heat retention) were the roost uncomfortable upon 
contact with the face. The lighter weight and lighter 
colored (blue and yellow) silicone facepieces did not 
give this impression. All of the facepieces except the 

Fig, 14..Scott 6009 Series masks stored at -32?C 
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Fig, 15, U.S. diva's Survivrir with silicone fucepiece. Fit). 16. Robert Shmr 5-minute escape capsule. 

Scott Air Pak (6000 series) y/ere more flexible at these 
high temperatures, and appeared to fit with less head 
harness tension. The Scott Air Pak (6000 series) 
facepiece lense flattened out at the 65.6°C (150°F) 
exposure level, causing the lense and facepiece to 
separate, It should be noted that most of the SCBA 
manufacturers warn against exposing facepieces .to 
temperatures abuve I4f/R However, this is not an 
uncommon experience for a fireman fighting a routine 
fire for periods of 10 to 15 minutes. At higher 
temperature, most facepiece lense material (plastics) 
will return to the shape (flat sheets) in which it was 
originally manufactured, 

The silicone headbands of the silicone facepiece 
Survivair SCBA un't become softened at 65.6°C 
(150°F) and slip through the retaining buckles on the 
facepiece, preventing the facepiece from fitting firmly. 
The shore durometer number (softness) of silicone 
decreases with increasing temperature at a rapid rate, 
malting it an undesirable material for use as a head 

harness where it,is necessary to maintain a steady 
tension. The neoprene and Hycar rubber head harness 
material did not exhibit any noticeable softening 
and/or slippage. 

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

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

Breathing tubes (all were made of rubber 
compounds) of all devices tested at abov ambient 
temperatures (65.6°C arid 93.3°C) softened and 

Table 5. Fitting quality of SCBA facepfeces equilibrated to -32°C (-25°F). Test 
medium; IIISH irrnam smtme HID 

Facepiece tested Qualitative fit test result Wearer's comments 

Scott Ait Pali 6000 series Leak Extremely uncomfortable 
Rigid, sharp edges 
Regulator noisy 

Scolt Air Kk II 9000 series Leak Rigid 
Regulatoi noisy 

MSA,Air Mask 401/Clearvuq- No leak Difficult exhalation 
MSA Ail MxS; 401/ntravuc (silicone) No leak Difficult exlialau'on 
MSA. Air M«aK 401/UItravue (Hycar rubber) , No leak- . Difficult exhalation 
U.S. Diver's Survivair (silicone facplece) • No leak '_, Regulator noisy 

U.S. Divci'a Survival! (neoprcne facepiece) No leak ' Regulator noisy 
Robert Shaw 5-mhute escape capsule Inoperable 

• -

aThe test subject passed the irritant tmoko tube fit test with oil tho SCBA equilibrated to room temperature. 
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stretched considerably. This suggests that the^airflow 
characteristics of the air supply regulator"may be 
reduced in volume, resulting in an increased inhalation 
resistance for the user and accordirijJy, a potentially 
higher .rate,of facepiece leakage. 

The most obvious conclusion drawn from these 
qualitative heat'exposure tests of SCBA.Is that the 
construction materials of the SCBA components are 
tiie limiting factors In the reliability and safety-of the 
device, i Laboratory test methods are now under 
development to establish the stability of individual 
components and operating reliability of SCBA exposed 
to heat'stress (air temperature and radiant heat). The 
components to be tested individually are as follows: 

o Facepiece body 
• Head harness 
e Fadepiece lense (and lense covers) 
• Exhalation (and inhalation) valves 
• Nose cup 
o Spectacle mounts 
o Breathing tubes and fittings 
o Regulator housing 

- breathing diaphragm 
- internal seals (O-rings, washers, etc.) 

o Back-p:dc harness materials (belting, buckles, 
fasteners) 

e High-pressure hose assembly 
• Air-cylinder valve assembly 
• Surface finishes (paints, plastics, etc.) 
Initial tests using the ladiant heat source from the 

NFPA #258 test procedure will be performed with 
each of the above components at increasing increments 
from 0,1 to 3.0 g cal/cm2/s. Air temperature studies 
will be conducted over a range of 6S.6°C (150*F) to 
1000°C (1800°F). These parameters reflect the normal 
to extreme thermal environments encountered in fire 
service operations. 

SCBA Communications Study 
Purpose. This study was conducted to analyze and 

evaluate the voise transmission quality of the SCBA 
full-face masks for fire service and emergency . 
applications. The nine SCBA/full-face mask 
combinations listed below comprise the brands and 
configurations tested. 

o Scott Air PA 4.5 ' ' • ' . ' -
e Scott Air Pals - 6000 series 
• Scott Air Pale II - 9000 series 
o MSA 401 Air Mask . • • 

- Ultravue facspiece (silicone) 
- Ultravue faeepiece (Kycar rubber) 
- Cleamie i'acepiece 

.--'. o U.S.'Diver's Survivair . 
- silicone facepiece 
- neoprene fawpiece 

• Globe Guardsman/Sierra facepiece 
1' addition to evaluating the SCBA "voice 

transmission, another series of tests was conducted to 
examine the techniques (use practices) by which 
hand-held transceivers can be used effectively by SCBA 
users. 

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 transmission clarity. 
Recording and playback amplification of the tape 
recorder was held constant. The test subjects read the 
script at a normal talking sound level. For the first 
recitation, 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 
as judged by listening to the playback of the tape 
recorder. A rating of 1.0 is the highest and indicates 
total clarity; 2.0 is audible or understandable with 
either resonance or muffling; 3.0 means barely audible, 
resonant andfar muffled but understandable; 4.0 -
barely audible,-resonant aril muffled, requires effort; 
and 5.0 - totally inaudible. The ambient noise level 
for these tests was 70 ± ' 2 dBC. 
.All of the facepieces provided audible voice 

transmission when the microphone was held in contact 
with the facepiece. lense. Th^e was, however, a 
noticeable resonance (vibration) from the lense of the 
6000 and 9000 series Scott facepieces. The silicone 
Survivair facepiece had a noticeable-resonance, while 
the neoprene Survivair did not. This suggests that 
perhaps the facepiece body, of the neoprene Survivair 
provides a more stable support for the lerise. 

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

At a distance of 0.3 m (with a 70 ± 1 dBC 
background), the Scott 6000. was muffled and 
inaudible. The Scott 9000 was also muffled, but 
occasional words or phrases were audible. The silicone • 
Survivair was barely audible, 

The only facepiece to transmit voice audibly at a 
0.3-m distance was tltvMSA Ultravue, which is the 
only facepiece tested that has a built-in speaking 
diaphragm, The value of the speaking diaphragm is very 
evident on recordings, made at a distance of 0,3 m. 

This test series indicates that the heavier facepieces 
(Scott 6000 and .9000) are lea t desirable from a 



Tabla 6. . SCBA voice transmission parity rating -

SCDA Faccpiccc 

-'. • Transmission clarity rating . 

Contat b 25 mmc 0.3 m d Comments 

; Scott Air Pafc 
Scott Air "Pak'-l'l". 
Scott Air Pak 4,5 
MSA 40J Air Musk 

Survival 

£000 scries 
9000 series . 
4 j sorics 
tUttawio (silicone) 
Ullnvuc (Hycai) 
Qcanue 

2.0' 
2.0 
1.0 

•1.0 

i.o. 
i.o, 

*.o., 
I..0 

5.0 
1.0 
r.o. • 

.Silicone 2.0 ,.- 1.0 
Neoprene • 1.0. 1.0 

Globe Guardsman Siena (neopren'o) 1.0. ' 1.0 

Voice Transmission Raring Wciftod (1.0 Is highest rating).' 
1.0 Audible - cleat anil distinct, no Jicul'iy to understand. 
2.0 Audible - slightly resonant or muffled. 
3.0 Barely aucUbtc - resonant and/or muffled but understandable, 
4.0 Barely audible with effort - muffled and resonant. 
5,0 Inaudible - not understandable. 

3.0 
. 5 . 0 

3.0 
•2 .0 

3.0 

3.0 

3.0 
2.0 
2.0 

Noticeable muffled transmission at 10 fl 
Muffled occasionally inaudible at, 10 it 
Muffled and resonant at 10 ft _ 
Some resonance at 10 ft 

Some resonance at 10 ft 

At 10 it clear but low volume, same 

Resonance and muffled at 10 ft 
Muffled but dear 
Muffled but clear 

"Average of two ratinss. 

Micmphune held against Hie iensc. 

'Microphone held 25 mm from focepiecc. 

Microphone set in place ft.3 m from subject. 

communications standpoint. With the Scott Ait Pak 
4.5, the voice is definitely more audible than with its 
predecessors (6009 and 9000 facepieces), but is not 
as audible as with the MSA Ultravue equipped with 
a speaking diaphragm. The Scott 4.5 facepiece appears 
to be equal to the Globe Guardsman, Survivair, and 
MSA Clearvue facepiece with respect to voice 
transmission quality. 

This test series suggested that it is possible to use 
radio communications with SCBA facepiews provided 
that the transceiver is held against the lense of the 
faccpiece. To examine this method of operation, 
further tests were conducted: (1) holding the 
microphone 25 mm in front of the facepiece, and 
(2) holding the microphone against the lense while 
maintaining a noise level background of 90 dBC. 

With all of the SCBA facepieces with the exception 
of the MSA Ultravuu (with a built-in speaking 
diaphragm) the voiee was' inaudible with the 
microphone held 25 mm from the facepiece. The 
voice was clearly audible above the 90-dBC noise 
background with the MSA Ultravue facepiece. 
' With the mrcrophone held directly against the lense 

of the facepiece, all of the SCBA units were abie to 
transmit aituibly 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 
contact with the facepiece lense. It was found that 
by removing the protective leather case and holding 
the two-way radios directly against the lense, effective 
radio communication was readily achieved. 

INSTRUMENT DEVfc'/.OPMENT-

Neutrun Spectroscopy in the Energy Range 
0.5-20 MeV Using a WE 213 Scintillator . ' 

Introduction. Several earlier progress, r epor t s 1 8 ' 2 0 

have described our effort to make neutron spectral 
nieasurementa in the field. For neutron energies in the 
range 0:'5-3 'MeV,'-"-tL,ta have been, obtained 'using a 
combination of hydrogen proportional counters and 
3 He proportional counters. Liquid scintillation 

detectors (NE 213) were used in the energy ran^e 
2-20 MeV. We have met with very limited success in 
the past because of the low sensitivity of the 
proportional counters, the variability of the 3 He 
response functions with counting conditions, and the 
limited useful energy range of the scintillators. 

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, 
have a highly reproducible response. Recent 
improvements in our pulse-shape discrimination system 
have extended the useful energy range of the NE 213 
detectors to 0,5-20 l.'eV, As a result, reliable field 
measurements may be made over this range with a 
single highly sensitive detector. These data, together 
with those obtained using a single large hydrogen 
proportional counter, allow field measurements of 
neutron spectra over the energy range 0.05-20 MeV 
at neutron intensities which yield a total dose rate 
greater than about 0,2 rnR/hr. 

Neutrons interact in a NE 2)3 detector by elastic 
scattering with the hydrogen and carbon nuclei in the 
organic liquid. Recoil protons cause the liquid to 

scintillate, and the light output is detected by a 
photomuhiplier tube. Unfortunately, the relation 
between recoil proton energy and light output ishighly 
nonlinear. Consequently, the light output due to 
protons whose energies are fa the range C.S-20 MeV 
varies over the range 0.004-1.0, a dynamic range of ; 

about 250:1. Our previous PSD system 2 0 performed 
reliably only over a dynamic range of about 20;l so 
that neutron and gamma interactions were not 
distinguished at neutron energies below about 2 MeV. 
Recent improvements, described below, hav increased 
the dynamic range to 250:1. 

An Improved PSD System. Figure 17 shows a block 
diagram of the PSD system currently in use. 

Detector .Electronics bin r • " i 

8th 
dynode 

2000 V 
Anode 
signal 

Charge 
areamp 

Timing 
filter 
amp 

Tunnel 
-j diode 
j disc 

Time 
pickoff 
with 
variable 
delay 

Risetime 
output 

ADC 
gate 

L — J .L. 
Fit). 17. NE 213 cpMtroiMter cyiicc'm-

1 Linear 
output 

.J-
. 17 



Commercially available NIM modules have been-used 
, wherever possible. The most significant difference 

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

• dynodc on the RCA 8575 photomultiplier is 
double-delay line shapje, and crossover timing is used 
to distinguish neutron and gamma-ray interactions. 
Pulse shape is determined by analyzing the time 
difference between the start of the light-output 
(detected at the anode of the PM tube) and fte zero 
crossing of the double-delay-line shaped linear signal, 
using a time-to-amplitude-converter (TAC). Thus/the 
TAC output is related directly to the risetime of the 
linear signal. Expansion of the risetime range is' 
obtained by delaying the TAC start signal-about 
800 r,s i'nd increasing the TAC gain so 'that time 
differences on the order of 50 ns produce maximum 
output. 

Optimum n-7 discrimination is obtained when the 
anode of the PM tubs is driven to saturation, producing 
an output with a steep leading edge. This requires that 
2000 V be applied. The anode signal is then matched , 
to the low impedance transmission line' using a 
preamplifier. A charge-sensitive preamplifier was 
chosen because of its low noise. The preamplifier 
output is terminated in a shorted 20-ns length of cable 
which returns the output to baseline. This signal is 
amplified in a timing-filter-amplifier operated at 
near-minimum gain to prevent spurious start signals 
due to carload pulses. A tunnel diode-discriminator 
senses trW start of the anode signal and'produces a 
signal whidi, after suitable delay and inversion, is used 
to start the TAC. ft is important t? not allow the 
timing filter amplifier to he driven to .iverload since 
its recovery from overload is slow and accompanied 
by spurious outputs. For field work, great attention 
must be paid to the temperature stability of the 800-ns 
delay line and *.!« dc level at the input to the tunnel 
diode discrunint'tor. 

The linear signal is derived from the eighth dyrtode 
of the PM tube as succeeding dynodes are observed 
to produce nonlinear output for the largest light pulses. 
A charge-sensitive preamplifier is used to increase the 
signal-to-noise ratio on the transmission line and for 
impedance matching, The linear output is passed 
through, a double-delay-line amplifier producing a 
bipolar output whose zero crossing is detected by the 
crossover pickoff. At the time of crossover, the TAC 
is stopped and an. output is generated which is 
proportional to the time interval between start and 
stop pukes. 

Linear signals are also Gaussian-shaped for 
pulse-height analysis. Thif allows system gain changes 
to be accomplished easily, without retiming the PSD 

system. In addition, the Gaussian-shaped output 
provides better linearity in the pulse-height spectrum 
and relative freedom from spurious signals due to 
overload when compared to our earlier configurations. 

Conclusion. A system whose configuration is shewn 
in.Fig. 17 has been uftd for both laboratory arid field 
measurements of neutron spectra. Laboratory 
measurements have been made roiitinely if; the energy 
range 0.5-20 MeV, ana.jur experience has shown the 
system to be reliable;.Field neasurei ints have proven 
more difficult. Temperature variations from 043°C 
have cat"sed failures, and frequently cause drift in the 
dc levels as well as in the delav lines. Use of RG-5S 
coaxial cable for the delay lines has reduced the 4rift 
in-the crossover time distribution, tu t this remains a 
significant concern. Drift in the & levels has been 
reducer] through the use of capacitor coupling to 
isolate system modules. 

Ttansmissior. Anode X-Ray Tube Development 

The development program for transmission mode 
x-ray tubes (TRAX)2-' " 2 3 has recently concentrated on 
characterizing the performance of sputtered targets, as 
compared to metallic foil targets. As reported 
.earlier,2'''2^ sputtered targets offer several advantages 
over foils: (1) better heat dissipation, (2) better 
mechanical stability (freedom from "oil-cajming"), and 
(3) the availability of target elements that are 
unavailable as foils. However, we suspected that the 
physical separation of the beam spot from fhe 
filter/converter foil and the massive beryllium support 
might well degrade beam purity and intensity. 

To resolve these questions, two silver target tubes 
were constructed - one sputtered, one fur - and 
their performance was carefully measured. The 
following parameters were observed: 

1. Intensity versus accelerating voltage and 
current 

2. Intensity versus distance, with a variety of 
collimators 

3. Beam purity, with a variety of external filters 
4. Beam uniformity 
5. Vacuum performance 
Figure 1? shows beam intensity, in 

mR/min/100 /A, fot both tubes, each with various 
external filter; and operated at icveral voltages. Note 
that with littl >. or no filtration the foil tube has higher 
intensity, but that as filtration is increased the 
difference decreases until, with the most severe filter, 
the sputtered target is slightly highe,. This 
phenomenon, as yet, is not explained; however, it 
makes little practical difference in tube use. 

Beam intensity varies with distance, of course; 
Fig, 19 shows typical dose rate versus intensity curves 
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Fig. 18. Total intensity versus HV for seven! 
exlcmd filters. 

10' 
• Ag-foil tra* o — 
and 

_ o O Sput. Ag 

-0.003 in. Rh + 
0.005 in. Ag 

35 , 40 45 
Voltage - kV 

50 

for loth tubes, Intensity also varies with collimator in the collimator diameter make fairly large changes 
size. This is due to the intensity contribution from ' " in the number of jphotons which enter it. A 
scattered radiation, Since the input end of the considerable fraction of these are then scattered into 
'collimator is quite close to the target, small changes the useful beam. At these low energies, the coherent 
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Fig. 19. Intensity versus distance, silver tanjetTRAX 50 kV, 
no external filter, (0.5 X 1 in.) collimator. 
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Fig. 20.' Intensity versus distance for various collimators. 
Silver target TRAX (sputtered) 100 nA,50 kV, no external 
filter. 

scatter cross sections are from 10 to 100 times larger 
than thft Compton cross sections, so little change in 
spectral distribution is noted. Figure 20 shows this 
effect for the sputtered target (the foil target was 
essentially identical) which amounts to nearly a 100% 
increase hi intensity when the bore is changed from 
12 to.21 mm (1/2 to 7/8 in.). 

Beam' purity for the tv/o targets was-measured by 
.operating at low power levels and looking down the 
jxis. of the beam with a high-resolution 

' . 0 mm 5 X 3 mm Si(Li) detector. The resulting 
spectra. were corrected for detector efficiency and-

. compared - tlicy were indistinguishable. Figures 21, 
22 and 23 show representative'spectra with three 
typical filter combinations. 

: '•'.;• Energy - keV 

Fig. 21; Output spectrum, .Silver target 'fRAS (spuftetcd), 
5(f.,kV, no filter. * 

20 



in 
• i -
•r-
C 
3 

t +> 
• ^ 

s-
IS 

03 

TT 
22.16 24,94 
Energy - keV 

50 

Fig. 22. Output spectrum. Silver target-TRAX (sputtered),' 
50 kV, 0.002-in. Rh filtei. 

Beam uniformity and beam diameter are important 
parameters for practical use of the tube, A large area 
of equal illumination permits simultaneous exposure 
of many T i b s , C: a uniform dose to a large detector. 
To measure these parameters, we exposed sheets of 
radiographic film t r ths beam, had the images digitize 
by a scanning micro-derisitometer, and gener d 
contour maps and cross sections which accu.itely 
describe beam size and uniformity. Table 7 relates 
beam diameter to collimator size and distance fir both 
tubes. There was an interesting contrast in beam 
uniformity between the two tubes. The foil tube 
showed excellent uniformity and symmetry in the 
beam. Figures 24 and 25 show a typical contour map 
and cross section, respectively. 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 a marked asymmetry in 
the horizontal plane. Figures 27, 28 and 29 show a 
contour map and the two cross sections. So far this 
phenomenon is unexplained, and will probably remain 
so until th3 tube is disassembled. One.can suspect 
either misalignment of beam spot and collimator or 
physical distortion of the converter foil, but proof is 
yet laddflg. Even with this asymmetry, though, the 
intensity is uniform within about ±i0% in the worst 
cases.* : . , 

" Finally, we were concerned about outgassing 
behavior of the sputtered target, Since it is 
mechanically more complex,, more gas-trapping sites 

"The tube, was later disassembled, mid the target was found 
to have moved.roughly 3 ram (due to axial loading on the 
high-voltage feed-through from the cable connector). This 
easily accounts for the asymmetry, and ,wDl be corrected in 
future assemblies. 

5 o 22.16 24.94 
Energy - keV 

Fig. 23. Output spectrum. Silver target TSAX (sputtered), 
SO kV, 0.0C3.in. Rh + 0.005-m. Ag filter. 

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

On the whole, then, the sputtered target performs 
i t much the same way as 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 near 
future. 

Table 7. Beam diameter as a functio 
of collimator size and 
distance (measured 

n 

Distance 
(cm) 

Collimator 
diameter/length 

(mm) 

Beam 
diameter 

(cm) 

10 None 9 
12.7 5 
11.1 X ISA J.3 
16 ;t 28.6 3,8 
19.2 X 28.6 4.7 
22.4 X 28.6 5.8 

50 None -40 
(off film) 

12.7 18 
12.7 X 25.4 10.3 
16 X 2B.6 13 
19.2 X 28.6 (6 
22.4 X 28.6 17 

£5 [ , 12.7 x 2SA 18.6 
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-.Fig, 2fl. Contour into of beam intensity - contour lines ' Fig; 25. Horizontal trass section of beam intensity, Silvet 
represent 2.5% intensity change. Silver target TRAX-foii, , titpt .TRAX-foil, 50^fcV, no filter, 10cm 0.5- X 1-fa. 
50 l;V, no filter, 10-cm 0.5- X 1-in. collimator. collimator.. " ' ''"•.'. * 

Fifl .26. Isometric presentation of beam intensity. Silver , Fig. 27 . Contour map of beam intensity. Contour lines 
'-"'teijiit TRAX-foil, 50 *;V, no filter, 10-cm 0.5- X'l-in. represent 3.0% intensity change...Stiver target TRAX 

. critimator. 'y. • , , • ' ' (sputtered), 50 kV, no filter,. Ifrcm 0.5-X Mn. 
. ' . . , - • . . . .• collimator. '"'•-• - - ;•'••,' 
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Fig, 28. Hoi2Cjild can taction of bean intensity. Silver 

tugst WAX (tputteied), SO kV, no filter, 10-cm 
OS- X 1-h, coUlmntor. 

Position 
Fig. 29. Vertical crow section mbeira Intensity, SUva tarjet 

TRAX (iputtwed), 50 kV, no filter, 10-cm 0J- X 1-ln. 
collimator. 

FIRE SAFETV= 

BEPA-F3ter Smote Bufjipn Tests Using I I I 
large Scale Fire-Tent Facility J \ 

Introduction, In our previous report '•*> we' described 
the LLL Full-Scale Fire Test Facility^ and we' 
'summarized some of the tests and results obtained in 
preliminary experiments conducted to evaluate the 
smoke plugging of the HEPA filters, Since that time, 
we have conducted a number of tests on two fuels 
to characterize the smoke generated by them, and have 
done a series of screening-tests on smoke abatement 
countermsasures. 

Test liiBtoiy, Because we were unable to 
characterize the smokes from our burns involving 
mixed furnishings, we decided to investigate individual 
fuels in the form of cross-piled cribs, Furthermore, 
bEcaura some of these materials are :of the. plastic 
family which tend3 to melt and bum away during a 
test, we decided to use a cage to hold the' 
cross-membered'crib. • -' 

In Test 1 (and Test 2, a check of Te3t 1) we used 
Douglas fir as the fuel in the caged wood crib 
configuration. 

In Teste'3 and 4 we used a fire-retarded 
polymethylmethacrylate, used frequently in ERDA 
laboratories for gloved box window materials'. In 
Test 3 the .ventilation was the normal rate; i.e., 
250 £/s. In Test 4 the ventilation rate was doubled. 

Test Series -5, which consisted of IS sub-tests, 
employed die::! oil floated in a pan of water,BS.the 
fuel; the initial ventilation rate was 250 $/s in all cases. 

Tests 6,7 and 8 were conducted using caged Douglas 
fir <DF)- wood cribs to evaluate the more promising 
scrubbing techniques found .in the No. ,5 series, The 
last test,;No. 9, wfls conducted, again using a Douglas' 
fir ..caged wood-crib, to ascertain the effect of a 
standard sprinkler system. •• • 

Results, The essential data from these tests are 
summarized in Table 8 from which the following 
observations are made: 

• The caging of wood as compared to the previous 
use of an uncaged cross-piled crib resulted in 
much faster .smoke-partlculate generation and 
consequently a faster filter plugging (in the 
previous report the standard cross-plied wood crib 
generated smokes which - plugged, the filter in 

, about 15 minutes. This. contracts with the 
6-minute plugging time observed iiiTests 1 and 2), 

.The pnlymethylmetliacrylate fuel burned at the 
normal ventilation rate also caused a fast plugging 

• of the filter, whereas a crib of the name material 
at a higher ventilation rate, did not cause plugging 
for up. to 24 minutes. 

t'Of the various screening tests:(Series 5 using 
•diesel oil fiiel) the use of the chevron-type. 
scrubber at full water -flow {5.0 i/s) oi the two 
sonic nozzles used in series etch at 0.6 £/s seemed 

- -to do a reasonable job of uris&e particulate 
stubbing, Thjse were therefore tried with some: 

• • variations in Runs 6, 7 and 8.,'''' " V 
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tame <• 

'No. Dale Purpose r'uel 
Vent 
ft/«) Remarks 

I . ' 7/16/76. Effect of (caged) wood ciib 
modera te. ventilation ' fcj. 

, Wood-DF1 

6,0 kg/in3 

D/C b = 0 

250 
; • 

. '103 
6,3 miii 

Fast plugging ' 
Smoke: 7.0 g/m 3 9 min • 
Fitter soot = 61% tat; 39% C 

2 7/28/76 
J 

Check of B-l '•-. Y/ood DF 
' 6.2 Jcg/m3 " 

250 
I ' 

125 
: 6,1 min 

Fast plugging ' ' 
-Sraoko: 4.6 g/m 3 

Filter\>ot = 56% tar, 44% C-

3 ' . . Effect of FR-PMMA0 in cage 
moderate ventilation 

FR;PMMA 
4.0 kg/in2 

D/C =•» 

250 
\ 

125; 
' ...S.min 

•Fast plugging 
Smoke: 4.1 g/m 8 .min . 
filter soot = 67% tor, 33% C 

. 2.6% CO, 4.0f; '*X)j 
4 ' • 8/20/76 Effect of well ventilated fire 

(using unaffected fuel f t i m - v 
B-3„on FR-PMMA) ; ' • ' 

•: 3,33 kg/m2 

' D/C = » 
i00 
,1 

j . , , 2 5 0 
23.8 mui 

Slow plugging 
; Smoke: 14 g/m 3 8 min 
'No CO, 3,2%'CO., • 

Scries 
5 -

9/10 to 
9/14/76 

Various.countcrnieasiires , . . 
on diesel smote 

• Diesel oil ' 
in'pan 

Initial 
250 

No HEPA' used except for 5.10 

5.1 9/10/76 Nc coupli-tmeastiies •Diesel oil. 
m pan ' 

.' Initial 
250 

. Chevron scrubber and demister in 
place ' ' 

5,2 9/10/76 Repeat of' 5,1 . '•" • •Diesel • : 250 Questionable data ••• 
5.3 9/10/76 Use of ww w«i c spray 

. Plain water, 
Diesel ; . . 250 60% total removal 

50% of <1 jim oart 
5,4' 9/10/76, Use of one sonic spray - •' 

0.1% surfactant, 
Diesel ' 250 Samples lost .other indications 

results ~5,3 ' ' 
53 . . 9/10/76 Use of Chevron scrubber 

svith own spray 2,0 S/s , . 
Diesel 250 '•58% total removal ..•' 

26% < I «m 
;5.6 ' 9/14/76 No cbuMermeasurcs -

demister. removed 
'•/Diesel 250 -45J "dropout" of smoke particle. 

, * • • ' • • ' 

517 ' 9/14/76 Use of one sonic plain 
water spray without deniister 

Diesel 250 -50% smoke particle removal; 
60-70% > 2 urn • _ 

5.8 9/M/76': Sonic spray .0,1% surf '. 
without iemktei 

Diesel 250 ~50% smoke particle removal; 
' ~70% > 3 um 

5,9 : ' 9/14/76 • .Oievron scrubber 2.0 C/s ' 
. without demistcr '"'.; 

Diesel 250 - f 34% overall removal 
80$ > 3 urn size 

5. JO 9/14/76 •Repeatof 5.9 bai with • 
HEPAinstalled 

Diesel 250 ' No effect on HEPA for 20.min 

5.21 -.3/30/76 Effect Of OleVron scrubber 
5.0 s/s 

Diesel 250 -.. 62% particle removal 
75% removal > 3 jrni 

5.22 9/30/76 ' Chevron scrubber plus sonic 
spray 0.063 B/s 

Diesel 250 ~38%. particle removal +• 50% 
.for <1 (im size 

5.23(a)' 9/30/76 ''• Sampler #2 oriented upstream Diesel. 250 . ~?2% particle removal 
' for > 1 |im size 

5.23(b) 9/30/76 ' Sample! #2 oriented 90S 
to flow 

Diesel 250 ~B% particle removal 

5.24 9/30/76 Sonicorc1 no#le using air only Diesel 250 ,'. ~26% particle removal . , 
5.25 9/30/76 Two separated Soniiorc 

fl'ozi-water 0.063 e/s each 
Diesel 250 772% particle removal and 1; 

37%'overall . 

5.26^ • 

5.27 

9/30/76 

9/30/76 

Effect o f demister only , 

Effect of one Sonicdie 
plus' demiater ' . ' • ' . 

Diesel 

Diesel 

250 

250 

Demister slowly clogs, 
~23% particle removal - 15 mil) 

~50% particle removal - demister 
slowly clogs. 

! ; l -

•)•: 

i" 
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Table Pi* (Continued) • 

No. Date Purpose Fuel' 
Vent 

Remarks 

10/13/76 t Effect of two sonic nozzles. Dongas fir 
'0.063 E/s each on caged wood 5.S kg/rn 

' ' crib smote (sprays acfinted • ;• 
at. 190 s) 

IC/22/76 Effect of Chevron scrubber at Douglas fir -
full flow (5.0 8/s) on' caged SA kg/m2 

: wcjd crib smote " " 

ll/J/76 Effect of conic nozzle and , Douglas fir 
lfjO-jnm demister plus pin 5.6 kg/m • " 
type nozzle and 50-mm • 
scrubber 

12/22/76 Gffect of standard spr ltler Douglas fit -, 
System.,on filter life 5.7 tg/m2 ..' 

250 little impwenwnt in filter life 
I. Apparent 653 Smoke particulate 

12S - • removal ' •' 
5.3 min 

250" . •"'" UtUe improvement in filter life 
I Apparent iO%> smote particulate 

J25 removal (Check of filter 3 days • 
9.8 min' later shows no phrasing) 

250, , Filter plugged rapidly as in 
t B-6, 7. Smoke concentration 

12S • ahead of HEPA 1.5 g/m3 of 
7.4 min ' which Zfsff'i. 2 jim 

250 Sprinklers epntrolled but did not 
* extinguish the, fire, r e. of 

230 "' sprinklers prevehtsd filter prugging 
20.7 min'' for, duration of test which, was 

terminated at 21 min. Cell .-. 
overpressuiized when sprinklers-. 
were operating 

Douses fir. 
Diity-to-clean fuel ratio. 

cFirc-retardcd polymetliylmelhylacrylaie. 

f> The use of these countermeasures on a caged 
Douglas flr wood ctib did not appear to improve 
filter plugging time significantly. 

e A ' standard sprinkler system activated by the 
• temperature at the sprinHer location controlled 

the fire but did not extinguish it, However, for 
the' duration of the test (21 minutes) filter 
plugging appears to have been prevented. 

'o In most respects Runs i and 2 chested each other 
veiy vvell, although they were run.two weeks 

' apart. ' ' c • 

Discussion. As can' be seen from the turves on 
Fig. 30(a) and (b), representing the pressure, drop ' 
across (he HEPA filter for Bums 6 and 7 respectively, 
the increase in pressure difference is quite sharp and 
similar in both tests. This suggests that there is some 
sudden plugging mechanism' occurring in these . 
situations. To try to evaluate this phenomenon, certain 
observed and calculated data from, a; number of tests 
are tabulated on Table 9. Examination of .these data 
suggests that of all the variables examined, the dry bulb 
temperature of the smoke in the duct at the filter arid 
tire absoliffehumidity at the;'-same location may bear 
some relationship to. filter plugging. Thus, i( the dry 
bulb temperature in the smoke at. the' filter'is well 
above I0£>°C, the absolute humidity'• {grams of 
water/m 3of smote volume) can be high or low. On, 

0 100 200 300,400 500 6C0-7O0 

, i Tes t t ime -*. seconds "••'•' 

Fig. 30;' Pressure drop across'HEPA filter. Countermeaaiis: 
(a) (wo sequential sonic nozzle],' 0.053-s/s water per nozzle; 
(b) Chevron scrubber, 5.0-B/s water npny. 
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T«b!s 9. Critical pinmstMi for HEPA plugging by crib flfM 

T«t No. 

Time to 
puk temp 

(la) 

Time to 
pluj (Dtn 

. O u ) •'•'•• -

' Fuel weight' : 

Ion t i l l 

.:<m 
Flier 

wctjfit Jth 
<kl) 

' humidity of 
moke In duct 

it.fitter - . 
<g(wit»)/ir,)' 

Dry bulb 
• temp ot smolu 
In duct i t filter. 

CO 

t^f 0,37 NO Mt 0,1 . 124 " 183 
PB-0 ••' ,.aJ4 0.9 .-, ai 0,9 37 90 
PB-8.2 0.34 l.C .. at . 0.9 • 84 100. ' 
U-l 0,16; 0.38 0.15 - ai" ' 34 .. 100 
d-2 ai« 0,38 au . ' 0 1 34 J 100 ' 

' i3 .,' 052 :' 0.44 . '• 0.028 '" 0,2 16 , SO 

.w" . 0.7 1.4 '. 0,11. - • 043 51 110 
B-6., 0.17 0 J 0 ' an 0,13 '• , .39 - 59 
B-7 0.15 0.54 ' ; . a i2 065 '? 9 •" 31 

• 'initial velKllnllon: 500 Ic/i; for nil others, initial ventilation WSJ 250 S/a,, 

the other hand, if the dry bulb temperature is of the This suggests that the filter is being plugged either 
order of 1GQ°C or less, then a low or moderate by condensed water or by cor.dMMd pyrolysates. In 
absolute humidity is accompanied by a fairly fast thi next few experiments, efforts will be made, to 
plugging-of the filter, attempt to evaluate this point further. 

ENHANCED FILTRATION i,.' 

introduction. 
' Since the tot progress report, we.have focused our 
attention in the following areas: 

o Determining filter use rates and exposure 
conditions 

o Modifying the sodium chloride aerosol generation 
system .; 

. e Determining the aerosol charge characteristics 
- -o Studying the effect of screen insulation on filter 

performance 
o Calibrating an active Mattering aerosol 

cpsctrometer 
o Theoretical modelling of filter efficiency, pressure 
• drop and loading capacity characteristics. " 
Filter Use Rates and Exposure Conditions. 

High-efficiency particulate air (HEPA) filters- are 
commonly used at ladiottttve handling facilities to 
remove airborne contaminants, Filter use rate varies 
widely with location and operational demands, In 
1973, l e . i J i filters were used at various nuclear 
facilities.2 7 The current annual m rate to probably 
greater than 20,000/yr. • •:• 

Tabic 10 glva the 1975 usage rates as well as 
volume and cost data at several facilities. The cost per' 

filter also varies significantly, depending on the 
specification and'overhead requirement The major 
cost, however, Is not the initial filter -apenis 
(S2O.S30O/fllter). The actual cost of materials and 
labor to buy, change, test and dispone of the filter 
Is often 3 to ,10 times the Initial cost, Hence a 
significant savings could be realized If filter service life 
could be extended. 

Table 10. HEPA filter maw 
In 1976 - T " -

Volume Fntr c « t 
• ' FecOity. 'Nfflrfci (m3) O S ) ' 

HI' 300 It 41 
om b ' .' • 666 65 42 
LASL0 385 17 15 ' 
Rocky' Flats'1 •' 4,050 . 263 340 
Total, 1973 16,000 WOO ••. 2,500 
Total, 1975 (cat). 25,000. •1,800 3fiW 

°J. Llpma, pilvnto communication. 
W. Porter, prlvato communication, 

QJ. DatltlJ, privuti cornraunlcitlon, 
C. Stootj, frivnio communicallcn,' 



Since HEPA filters are used in several types of 
nuclear facilities, it is important to characterize the 
types of environments in which our polarized 
electrostatic (dielectrophiiretic) prefilters will be used; 
To date, we have visited filter installations at Lawrence 
Iiveiraore, Laboratory, Los Alamos Scientific. 
Laboratory, Ro. ky Flats Plant, and* Oak Ridge 
National Laboratory.. Perhaps the greatest potential 
difficulty is attempting to protect the HEPA filters 
from wet' and acid .mist conditions. Such hostile 
environments occur -in the Rocky Flats Plant, 
Building 771, where great''amounts of nitric and 
hydrofluoric acid fumes- are generated from the 
dissolving processes. 

•' Contaminant composition and particle size also 
varies widely. Table 11- shows size data from S3veral 
radioactive' materials handling facilities. The 
aerodynamic mass median diameters range from 0.34 
to 15.9 pin. Since our sodium chloride test-aerosol' 
has a smaller diameter (0.82 ;rrn), the laboratory test' 
represents a more stringent filter test than occurs in 
the field. The available space for prefilter installation, 
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 
haused in a duct, some difficulty may be encountered 
in placing a piefiher in-line without major duct 
modification. Relatively thin prefdters jvould pose no. 
problem'for HEPA filter.banks uflaige plenums, but 

; a deep prefilter-would seriously, intiiijfentry into such 
areas.'" ' . , •• • •• :K,: v*"* 

. AerosoIGenerationSystem. A numbeVdf refinements 
have been added to improve our sodium chloride 
aerosol generator, and these are shown in Fig. 31. 

A humidity controlling system has been added to 
better stabilize the droplet evaporation rate. The 
humidity is set to the desired level, and'Sater vapor 
is added to the air stream by activating a submerged 
heater.'This process is adjusted automatically using a 

. humidity tcntrotler. .,'. , , , 
A 20-litre reservoir has been added as the-source 

- of the 1% NaCl solution.. Considerable enrichment of 
. salt solution'.was observed"during long (4 hour) runs 

using' 400-ml solution containers. -
An active scattering aerosol -spectrometer, has been 

-added,fo/he system to aid in our particle diagnostics 
'effort This is also discussed in a subsequent article 
in this report. " ; •..• . 

Our-filter holder has-"been, completely redesigned,-
'as.shown i i Figs..32 and-33; The new system allows 
us the- convenience of loadjiij; the screens and filter 

'jBediajoiitside the plenum"ild,':f«msertiiig them, as one 
integral assembly, into a .polyethylene holder. .The 
entire' assembly is .comp1e.te^y' insulated, and. ah 
interlock system prevents accidental handling of the 
electrified screens. Th'j assembly is not only safer, but 
allows us tn expeHrnsrjt'vriih varying filter thicknesses-. 

., and.screen.C(5ri%;atioriS, 

' pkemMiig'Aerasol Charge Characteristics. A 
charge diitributiorf 'cah be obtained by using an 

•electrostatic precipitator5" jn conjunction with a flame 
photometer, as shown in Fig. 34. 

The precipitator is operated, with the precipitation 
voltage on, biit without the corona voltage. In this 
mode, no additional charges are placed on ths aerosol 
particles .as they pass through the precipitator. The 
particles are removed in the precipitator's collection 
region according to the charge which they possess after 

Tcbb 11:' Typicd particle distributionJ encountered in nuclear materials 
(renting facilities"" - • » . i . ; - • - . — ~ . ~ . — . - ^ - , i . . 

Ftelify Ftoccu; 

Aerodynamic 
mass median 

diameter frni)' 

Geometric 
std dev.-

Own) 
Principal 

cor-sStuciUs, 

U S L ' 5 

Roclcy Flats 2 9 

"Qcaion;tration F]ont"b < 
"Industrial K:nt" b 

"Dtmorjtntio^, Intatriai'-'Ftarf" 
"Indintrid H2nt"b "' 

R 4 ' D 
R & D 
Fabrication. 
Reooveiy 
Fabrication ':• 

Recovery ' 

Grinding, 7Su°C 
Grinding 750'C 

. Crijidin& 1750" C 
.Grinding, 1750°C 

1.3 
i 3 
4.0 

• ft34 
2.7 

0.9' 

15.9, 
2.88 
2.30 
2.09 

2.2 
',,3,'5 
•ii 
5.4 
24 

1,55 
1.76 
1,65 
1.61 

0.4-8.7 
0.2-28; 
1.4-12 
0.01-9.0 
QM6 

Ri 
Ri 
Pu, 
Pu" 
Pu 

<0.3-I3.7 Pu, HF. ifiTO3 

J .- Pa, U 
\ P u , U ' 

- . , Pu,U' 
. • > • - • ' P O , a 

"Count mcdicii cUcmcter. 
G, IJsv/ton, Lovelace foundation, private Communication. 
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Fig, 31, Schematic diagram of sodium cHorfile aerosol pupation system, 

aertosol generation, the flow rate, and the electric field 
strength. If desired, a 8 S K E source can be added to 
neutralize the aerosol charge. 

The drift velocity 3 1 - that is, the velocity at which , ' 
the particles move fa the precipitator's electric field 
toward the collection region - is -

,'.w = E 2 

where 
E = the electric field -

Fig, 32, Mtci holder MfemWcd. 

3 8 

Z ~ q c = the er.-tric mobility of the t ~*icle 
: . 3irr)d • 

q = number of electron charges on the particle 
C = Cunningham slip correction factor -
d = particle diameter • 
TJ = viscosity of the air„ 
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. ,' 

fiff. 34. OiCTgc distribution measurement system. 

By comparing the drift velocity with the linear flow ' 
velocity, the distance required for precipitation of a 
particle of diameter d and having charge q can be 
calculated. If the charge is zero, the drift velocity is 
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 precipitation 
fields, were varied from 0.4 -to 5 £/min and 0 to 
5000 V respectively. The effluent NaCl aerosol was 
monitored with the flame photometer at the various 
settings. Since the flame photometer measures the mass. 
of the aerojol particles; toe assumed that the particles 
were monodispersed. A spectrum of .^charge 
distri'mtions corresponding to various particle sizes is 
actually required," however, for rigorous work. ,, 

The experiment yielded the cumulative charge 
distribution curves shown in"FigH 35 for 0.8- and 
0.9-tm particles,' Eighty percent of the. particles 
comprising the aaosol have one or more charges, arid' 
both curves imply that the median charge on a particle 
is 12 to 14 electron charges. 

We,can also theoretically predict the average charge 
on a particle. Mercer3 2 gives an empirical equation 
which predicts the charge .given to aerosol particles 
during the atomization process, The average charge, q, '• 

%=&e (W) 

ivi'-= droplet particle diameter. 

Note that .the water droplet before evaporation has a 

;*, 
d 

\-l (.0.333 

where 
C - NaCl concentratipn. • 

30 50 100 

Fig. 35. Cumulative charge distribution curves fo: 0.S and 
0.9 ion NaCl1.aerosols. '.' 

A 1 % solution yield & = 3;7 for an. evaporated drop, 
d = 0.8 jim. Then q" = eVSTT or about 12 charges,' 

•.which compares favorably with experiment. 

Effect of Screen Insulation on Filter Performance, 
Dielecirophoretic filtration theory currently does not 
contain any irariabhs which directly relate to screen 
composition. The billc of the previous work has been 
done with uninsulated wires,of screens. According to 
the premises set forth in elementary physics' texts, if 
the screens or wires could be" coated with a dielectric, _ 
the field around Hie filtering ' fibers could be 
maintained but little or no current would flow even 
if the filter were collecting purely conductive materials;-

•Figure 36'Shbws the results from a series of tests 
using bare and insulated screens. The insulation was 
a ltfrrul-ihicfc, vacuum-deposited, proprietary material 
with a dielectric strength of approximately 1 IcV/mil. 
Tests; were conducted with the negative high voltage 
either up- or ..downstream from the 12.7-mm-thIclc 
fiberglass filter media. The other screen was maintained 
"at ground. 
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Figure 36 shows the log of the penetration ratio 
as a function of the electric-field, P q is the initial 

. penetration wiih no voltage applied, Using this 
representation, we-can normalize data with different 
initial efficiencies. The fdters with the best efficieriy 

• (lowest penetration) 'characteristics. are ' those 
represented by the steepest slopes. ', .. 
• Figure 36 reveals some interesting'"data. The 

uncoated screens exhibit the same, penetration 
characteristics, regardless of field orientation. The. 
coated screens, however, show two distinct penetration 
curves, depending on field orientation. With the high 
voltage on the -front plate (i.e., electric field opposing 
the direction of flow) the penetration1 decreases as 
iisucl as the electric field is increased, At higher electric 

"field, the penetration is somewhat higher tlL u wifli 
the uncoated screens, 'Reversing "fee screen polarity 
causes some rather unexpected.results, Raising the 
screen .voltage to 1 kV/cm causes the penetration to 
first increase and then decrease.is,the electric field 
is, further increased. " ; ,. ' • -v ".-,"•' 

The'reasons for this phenomenon are, not clearly 
understood. The: aerosol i s - i n ' a highly-charged 
condition. Perhaps the. charge, is neutralized. as4he • 
particles pass in close proximity of, trie .jincbated,. 
•fxreens. In the case of the insulated screens, the 
particles.appear,to retain their charge and'hence,'if 
the field'orieniation permits^ are actually repelled from 
the .fedlai.edge'of tlie fiber. Increasing the fielicauses 

(he Articles to be attracted arid retained on the back 
' side of the fiber. Such 'a process, however, causes a 

significant reduction ' ' i n efficiency. Further 
investigation of this phenomenon is planned. 

Theory of Electric Field on Filter Media 

"When,an electric field js applied across a fibrous 
filter mat, the fibers and aerosols become polarized. 
This polarization results in a net attractive force. In 
addition, if either the fibers or the particles are 
charged, an enhanced Coulombic 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 interactions. If the particle trajectory is in the 

/direction of the. arrows'tie. force is attractive, while 
; hi the opposite, direction• the force' is repulsive 

Although -'the two. electric force fields are shown 
separate in Fig. 37, in reality, they are both combined 

,'',with the complex hydrodynamic force field to describe 
the resultant force on an lerosd particle. Such s 

^ complets theoretical development has not yet been 
performed. :',•";, - ; ,.. • 

The various theoretical trntments of filtration due 
to eiiher ^ydrodynamic or electrical forces attempt to 
obtain an expression for the single fiber efficiency, i). 
Qnee it is obtained, the filter efficiency,E for i 'mat 
•of fibers can be determined from • the following 

. equation: , . ,'.,:, 

A^3(f:':'.:,';'' 



E = 1 - P = I (8) 

where 
P is the fraction of particles penetrating through the 

filter, .-.: 
a is fiber volume fraction of the filter, 
D is the diameter of the fiber in cm, and . 
X is the filter mat thickness in cm. 

We have made an evaluation of the two available 
theories, one due to Rivers 3 3 and the other due to 
Zebel, 3 4 and have found that the Zebel theory can 
better represent experimental, data, River's theory, 
described in the last progress report, does not consider 
any of the hydrodynamic forces, whereas Zebel's •' 
theory considers only the particle interception forces 
and neglects the important inertM 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 i\ [see v in Eq. (9) and ?? in Eq. (8)] 
and therefore inversely proportional to In K Plotting 
the data 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. 
Experinwntaily, the secondary velocity dependence 
agrees very- well qualitatively with the Zebel theory 
which is therefore used in our initial theoretical 
.investigation. " ' . . . . . . 

The equation describing Zehel's theory of filtration 
in the presence of an electric field is given in Eq, (9). 
To simplify the expression, we have used-the logarithm 
of the penetration ratio rather than the efficiency. 

\PJ "(»D(l-fl)j \ep*2l\ei+\) 
d 2 E 2 C 
12tr/iDi> 

- neEC 1 + 

1 + 

rf-1 > 
ef+1 
neEC m 

where-
i • is the aerosol penetration with an applied electric 
' field. - . .. ."_ 

P 0 is the aerosol penetration without an electric field 
e. is the dielectric constant of the particle 
Cr is the dielectric constant of the fiber 
d is the .diameter of the particle, crri 

(a] 

(by 

Fig, 37. Lines of force due to applied electric field E 0 for 
(a) charge and induced dipede interactions (Caulombic), ami 
(b) induced dipole and induced dipoli interactions 
(polarization). 

E is the. applied electric field, .esu. 
C is the Cunningham slip correction factor 
U is;the viscosity of the air, poise 
p is the air velocity inside the filter (for our filters 

v is approximately equal to the filter face velocity 
V), cm/s 

n is the number of elementary charges on a particle 
e is a unit of elementary charge, esu 
The ratio P E / P 0 is used to cancel all terms from 

• the equation that do not pertain to the filtration 
'effects, of the electric field: Also note that the two 
terms in the second bracket are equal to the single 
fiber efficiency due to the electric field. The first of 
these termsis due to polarization-forces and the second 
is due,to Coulombic forces. 
. This equation was used to systematically investigate, 
the parameters involved in filtration. Figure 39 shows 
the effect of the electric .field, and different .size 
particles on ln(P E /P 0 ) . The behavior of the graphs in. 
this figure is explained by noting that the polarization 
contribution, is proportional to d 2 E J while the ' 
Coulombic contribution is proportional to E/d." The 
effect of the, other variables on filtration can be found 
elsewhere,-35 , • , , • 

.No.quantitative comparison between experiments 
and Zebel's theory was made because the filter-loading 
capacity and efficiency measurements were 'determined. 

• , , 3 I : . 
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Fig. 38, ThtwtHui secondary ef­
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as one test, 'Although this approach was necessary to 
rapidly screen many Piter candidates, the filter 
efficiency from these tests was erroneously high, 
Figure 40 shows trie significant increase in the filter 
efficiency, that is observed when the concentration of 
aeroado is increased by four times. Since we now have 
several promising filter media, the filte'r-loading'and 
efficiency tests will be conducted as two separate tests, 

Even before & quantitative comparison of Zebel's 
theory is made with a separate, efficiency teat, it is 

'• already apparent that a new theory will have to be 
developed to explain the experimental data. Figure 41 
shows the experimental single fiber efficiency plotted 

... .against the applled'electric field for fbree.filters having 

different fiber sizes. The observed trend of increasing 
efficiency with increasing fiber size is opposite to what 

"would be expected from Zebel's theory or the 
increasing efficiency due to filter loading. In addition, 
several effects involving particle charge, the electrode 

. grids, and, the electric field described in the 
July-September Progress Report 3 5 are also not 
explained by Zebel'a theory. 

• Although the important effect of particle loading 
on filter efficiency- was widely recognised for many 
years, no theoretical analysis was made of thk 
phenomenon. We therefore developed a theory, 3 5 

shown by Eq. (10),. that describes the increasing " 
, efficiency of o filter 93 It loads, up'wlth particles: 
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(10) 

!?d3p 
: 6 M(t) = ^ r AN„Vt 

do 

tvheje 
N(t) is the number concentration of aerosols 

penetrating through. th» filter after time t 
(cm-3), 

N 0 is the number concentration of aerosols 
upstream of the filter (cm' 3), 

% is the aerosol collection efficiency for single 
fibers 

t is' the time (s), 
lip 13 the aerosol collection efficiency for particles 

already trapped in the filter, 
P is the density of the aerosol particles (g/cm J), 
A is the face sl-a of the filter (cm 2). 

The niass of particles M(t) collected after time t is 
given by* 5 ' • 

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 
leads 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 5 

The theory represented by the equation below makes 
use of previous pressure-drop theories for unloaded 
filters. 

o3/2 EM(t)l 3 / 2.." 
(12) AP(t) = Au VX . D 1 T (pAX) 3 ' 2 d 1 , 
(12) 

.; S3 
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Fig. 40. E^jErimentJ effect of filter Josdinjj °n efficiency 
as o function of applied electric field. 

where 
AP(t) is the pressure drop across the filter after 

time t (Pa). 
The other variables have been defined previously. 

A' quantitative comparison of the experimental 
increase in filter efficiency and pressure drop will be 
made with the above theories. 

Particle Size Measurement Using laser 
Light Scattering 

ParticL- size is important in evaluating the efficiency 
of the air filters used in the Enhanced Filtration 
program. • Existing theoretical models ' on 

. p ' 
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Fig. 41. Experimental sited of fiber radius on the dnjle-
Gber efficiency as s function of applied decMc field. 
Run 83 - R = 0.89 iim; Run 85 - R = 2.58 jira; Run 81 -
R = 3.31 f«n. 

dielectrophoresis generated by Zebel and Rive r s 3 3 ' 3 4 

(used in another article within this report) describe the 
collection efficiency of fibrous air filters as a function 
of filter characteristics and applied electric field. These 
models also include variables characteristic of the test 
aerosol: dielectric constant, particle charge, and 
particle size. We have now obtained a light-scattering 
laser spectrometer and data acquisition system (DAS), 

18EIC \t 

RangeO 

. MnsKiurcy RKSS 

(0.60 (inv3.Cn urn) 

or laser sp 

Rnuj; 1 <a35-l.IOju) Ksnge 2 ((UOu-fttfji) Range 3 (0.15-0.30/i) 
Channel me (microns) Channel size (microns) ' Channel .. size (microns} diinncl size (mlctons) 

1 0.60*76 1 0.35-0.40 I 0-2*0.23 I 0.154.16 
• 2 ' 0,76-0.92 2 0400.45 2 0.23-0.26 1 0.16*17 
• 3 0.92-1.C8 3 . 045-0.50 3 0,264.29 3 0,17-0.18 

4 1.08-1.24 4 O504.S5 4 0.29*32 4 0,18-0.19 
5 1.24-140 5 0«5-ftt0 5 0.32-0.35 5 ' 0,194.20 
6 . L40-L56 6 0.604.65 6 035-0.38 ' 6 0,204.21 
7 I.SM.72 7 0.654.70 7 0,38-0.41 7 0.214.22 
8 ' 1.72-1,88 8 0.700.75 8 0414.44 8 0,22-023 
9 ,1.88-2.01 9 0.75-0.80 • 9. 0444,47 9 • 0,234.24 

.'0 2.W-2.20 10 0804.85 10 0474.50 10 0,244.25 
11 3.20-2,36' 11 0854,90 11 . . OS04.53 11 0,254.26 

, 12 2.36-232 12 0-904.95 12 053*56 12 OJ6 0.27 
13 2.52-2.68 13 0.95-1.00 13 0564.59 13 . 0,274.28 
14 . . 2.68-2.B4 • .14 1.00-1.05 14 059-0.62 14 0J84.29 
15 2.34-3.00" IS 1.05-1.10 15 0.62-0.65 15 Oja-OJO 
0 Total counts 0 Tottl wants 0 Total count 0 Tot) counts 
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shown in Fig. 42, to measure the particle size 
distributions.. 

'. The spectrometer uses a Hc-Ne laser (632.8 nm) 
capable of sizing particles within a range of 
0.15-3.00-fim diameter (note Table 12). A stream of 

•.•particles is passed through the laser beam. For a very 
dilute aerosol, 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 

determinations arc possible because the intensity of 
light scattered is proportional to the particle size. 

The spectrometer was first calibrated with 0.237-, 
0.357-, 0.S0-, 0.794- and l.OJMm-diameter 
polystyrene iatex (PSL) spheres from a Ratec-type 
nebulizer, Figure 43 illustrates the sizing capability of < 
the laser. This graph shows the observed particle size 
distribution for the series of monod.isperse PSL 
aerosols' having the indicated sizes. The agreement 
between observed and manufacturer's stated size is • 

Range 0 (0.60 - 3.00 urn' 
Channels 0 - 15 
100 counts full scale 

I I ! 
0 "• 3 6 9 12 15 
Range 1 (0.35 - 1,10 urn) 
Channels 0 - 1 5 
100 counts full scale 

Range 2 (0.20 - 0:65 y 
Channels 0 - 15 
'100 counts.full scale 

Fig. 44. Histograms of NaCl distribution. , 
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excellent for the 0.237-, 0.3S7-, and O.S-fim-diameter 
15L spheres. The larger particle sizes appear to be 
shifted, although the aerosol concentration 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 

our • test aerosol over each of *he four ranges (60 
channels) as photographed from the cathode-ray tube 
display on the data acquisition system. Figure 45 
shows a typical range of partjcfc counts for the NaCl 
aerosol for repeated measurements. Each sectvn refers 
to one range of the laser spectrometer, Discontinuity 
in the size spectrum reveals the need for further 
calibration. 

0.4 0.6 0.81.0 
D - diameter, ym 

Fig. 45. Nad aerosol size distribution. 
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ANALYTICAL CHEMISTRY 

A Method for Petermining the Percent 
, Interference in Sril Beryllium Analysis 

Each .month, the Hazards Control Department's 
Analytical Laboratory receives 16 environmental air 
samples to be analyzed for their beryllium content, 
Aiibome soil is collected from permanent air-sampling 
stations located around the perimeter of LLL and 
Site 300. These, sampling stations contain a 
high-volume air mover which draws a known volume 
of air through a 203 X 254-min filter paper. Airborne 
soil particulates captured on the filter paper can tffen 
be analyzed for their beryllium content. 

Since airborne soil can contain 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 to a sample and measuring the 
fraction of added beryllium that shows Lhro'jgh the 
interference using an atomic absorption 
spectrophotometer. 

Analytical Method. The air samples are dissolved by 
digestion on a hot plate using nitric and perchloric 
acid. The sample is heated to near dryness, then diluted 
to 25 ml with demoralized water. Two 10-ml 
aliquots are removed from the flask and spiked With 
a quantity equal to 0.5 and 1.0 trg beryllium per 
25 ml, The remaining 5 ml in the flask is analyzed 
Without addition of beryllium. Three values are 

obtained for each sample using atomic absorption • 
spectrophotometry: 

« 5-ml sample, without beryllium added. 
• 10-ml sample with 0.5 j.(g bsrylMn wlded. 

•'• 10-ml sample with 1.0 tig beryllium added. 
By subtracting the first reading from the second 

. and third we'can measure the fraction of the added 
beryllium to show through any interference. When 
these values show reasonable agreement, a similar 
correction Can be applied to the first reading. 

The following js a calculation. of one sample 
collected during August 1976: 
HC #6111 

5-ml reading without beryllium addition - 0.45'fig 
10-ml reading, with 0.5 Mg beryllium addition -

0.85 ng 
10-ml reading wilh 1.0 ug beryllium addition -

1.30 »g 
Of the 0.5 fig added, 0.85 - 0.45 = 0.40 /ig (80%) 
was recovered, Of the 1.0 fig added, 3,30 - 0.45 
= 0.85 fig'(85%) was recovered. 
The 0.45 pg is corrected for an 80 and S5% recovery 
to show thai an average of 0.55 /ig was actually 
present. Table 13 shows calculations for representative 
one-month, swnples. 

Conclusion. This method appears to provide a way 
of correcting analytical results to compensate for 
interfering contaminants. Furthei study v/ill determine 
whether this method is satisfactory or not. 

taoie u . vx iicuiauons T or a represewa 

Reading; 

uve one-mo 

Corresponding net recovery tab oratory • Gig Be siMcd) Corresponding net recovery 
number 0 0.5 1.0 05 1.0 Average ug Be 

6111 045 0.85 1.30 040 (0.56)a 0.85 (0.53) 0.55 
6112 045 020 1.15 0.35 (0.t>4) 0.70 (064) 064 
6113 0,70 1.05 1.45 0.35 (1.0) 0.75 (0.93) 0.96 
6U4 0.55 0.90 1.30 0.35 (0.78) 0.7S (0.73) 0.75 
611J 0.75 1.1 145 0.35 (1.07) 0.70 (1.07) 1.07 
6116 0.3 0,7 1.1 0.40 (0.38) 0.80 (0.38) 038 
6117 04 0.8 1.3 040 (0.50) 0.90 (0.44) 0.47 
6118 OAS 0.85 1.25 040 (0.56) 0.80 (056) 056 
6120 0,35 0.70 1.0 0.35 (0.50) 0.65 (0.54) 052 
6121 0.5S 0.85 1.20 03" (0.91) • 065 (085) 0.88 
6122 0,20' OSS 1.0 035 (0.28) O80 (025) 0.2S 
6123 0,25 0.70 1.10 045 (0.26) 0.8S (029) 0.28 
6124 0.05 ' OS- 0.95 045 (0.06) 0.90 (O06) 0.06 
6125 1.60 2,00 2.3 040 (2,0) 0.70 (2.3) 2.2 
6126 0/30 0,85 1.10 045 (044) 0.70 (057) 0.S0 

"Valun In parentheses; ore Be content -after recovery correction.-
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Technical Noses 

RADIATION PROTECTION 

A Portable Hand and Shoe Center 

A portable hand and $lm. ..ounter has been designed 
for application in emergency field response situations 
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 personnel hands and 
shoes without an operator in attendance. 

System Description. I n ; system includes a standard 
camera tripod, a L-idJu-n 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 tripod to serve as a hand counter. The 
other probe is mounted in the suitcase as a shoe 
counter. Figure 47 shows the system set up for use. 

Electronics. The Ludlum count rate meter is 
calibrated for 0-50!/; 0-5000; 0-50,000; and 0-500,000 
counts per minute with a meter response of 
3-11 seconds. It is powered by two "D" cells with 
a battery life of more than 100 hours of continuous 
use. Figure 48 shows the schematic of the audible 
alarm system which incorporates an, alarm set point 
of between 200-10,000 counts per minute; The 
circuitry of the Ludlum instrument was unchanged 
because the trigger of the al .rm system comes from 
the audio output of (lie count rate meter. In case of 
instrument malfunction, an exchange of Ludlum 
meters can be made with minimum adjustment and 
down time. 

FOR1ST, NE 213 Neutron Unfolding 
Code at ILL 

The FERDOR 3 6 unfolding method is widely used 
to unfold neutron spectra fmm pulse-height 
distributions measured with NE 213 spectrometers. 
Two spectrum unfolding codes implementing-the 
FERDOR method are currently being distributed by 
the Radiation Shielding Information Center for the 
IBM-360. The first code, COOLC,3 6 was developed at 
Oak Ridge National Laboratory. The second code, 
FOR]ST,37-38 is a modified version of COOLC and 
was developed at the Umversity of Illinois at 
Urbana-Champaign. 

The FORIST code has been received from RSIC, 
and with minor changes is now operable on the 
CDC 7600 computers. Changes to the code involved 
reformatting, tape assignments, and plotting routines. 

NUTSP'JC, a neutron spectra unfolding code written 
by Dennis Slaughter, is currently being used at I L L 
Results from NUTSPEC will be compared wiLh the 
more widely accepted FORIST. 

Fig. 46. PortaMo hand and dioc counter in weather-resistant 
case. 

Fig 47. Counting system sot up for use. 

39 



From Ludlurn 
model 12 speaker 
output 

rji -.•• 

Alarm 
Balance bias Ground 

TP1 ' TP3 TP2 
V V V 

Fig. 48, Schematic of alum control module. 

INDUSTRIAL HYGIENE-

Study of LIX Seif-Contained Breathing 
Apparatus Ftogram 

The original purpose of this study was to determine 
the feasibility of using the Metrotech Communications r 

Unit on the- Scott 6000 self-contained breathing' 
apparatus (SCBA) in use-at LLL. Since the LLL Fire 
Department is the largest, most frequent user.of 
SCBAs, they were used as the test group for fitting 
tests with, the Mettotech units. However, the study was 
expanded to take an overall look at the entire SCBA 
program because the Scott 6000 units currently in use 
arc, 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 examined to see how they would best fit 
into the program at the Laboratory.^ Since a i of the 

different makes of SCBAs that were considered in this, 
study had NIOSH approval and thus met minimum 
operational standards, the main considerations were 
"acepiece fit, ease of maintenance, comfort to the 
vearer .and ease of use, both under emergency 
conditions and in training. 

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

Conclusion. It was concluded that no variance 
should be requested from ERDA to allow use of the 
Metrotech communications unit because weight of the 
unit pulled the -facepiece to one side, causing severe 
leakage around facepiece-to-face seal. Work is now 
continuing to find a satisfactory way for persons 
wearing self-contained breathing apparatus to 
communicate with each -other. 
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Table i&. Quantitative fitting test results 

Number of firefighlcis 

Type of fa«picce With <15J. faccpiccc leakage 

MSA OeajvuB 28 
MSA Ultravue 28 
Scott 6000 faccpicce 18 
Scott 9000 foospicc; 9 
Sumvaii 23 
Scott 6D0O facepiecc 

with Mebotedi unit 9 

FIRE S A F E T Y — — " -

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

The combustion heat release rate HR 2 from 
flammable materials has been identified as a sensitive 
index for comparing and rating the flammable hazards 
of such materials. Several fire research and testing 
laboratories have constructed or purchased HR2 

calorimeters for the purpose of either conducting 
research into the HR 2 properties of a wide variety of 
combustible materials or for developing a standard test 
method 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 available HR 2 

calorimeter to increase the capability of the 
Laboratory for assessing the flammable hazards of 
materials 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, the Fire Marshal will determine the fire 
load o." an enclosure or building, and then design a 
fire protection system suitable to the projected hazard. 
HR 2 data should be of use in this analysis. However, 
since there is such a wide variety of enclosure types 
(laboratories, offices, trailers, shops, computet rooms, 
libraries, etc.) containing different materials in 
different configurations, it would be impractical to 
determine the HR 2 of all these materials. 
Consequently, the design criteria for fire protection 
must generally rely on .published code information. 

In the construction of experimental facilities, test 
bays, and components (hoods, ducts, hermetically 
sealed cabinets, electrical and thermal insulations, etc.) 
the inaierials of construction may.not be covered by 
standards and codes, so fire protection engineers are 

With 1-5% faccpiece leakage With >5% faccpicce leakage 

•2 0 
I 0 

. 9 3 
18 2 
5 l " 

16 4 . 

not able to estimate their contribution to the total 
flammable hazard of the enclosures that contain them. 
Some knowledge of the HR 2 of the more common 
of these material would be helpful for fire hazard 
analysis 

We have modified LLL's radiant-panel 
surface-flammability apparatus so that :* can be used 
to measure the HR2 of materials at various flux levels. 
The E-162 has a provision to measure the heat confer' 
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 radial t flux 
to the specimen decreases from top to bottom. The 
modification to convert the E-162 to a simple heat 
release rate calorimeter consisted of redesigning the 
specimen support brackets to accept vertical 
orientation of the specimen at defined distances from 
the radiant panel. In this way, the hejt flux will be 
uniformly distributed over the surfact of the specimen 
at irradiance levels that depend on its distance from 
the radiant panel. 

Two further alterations to the fc-162 were made: 

(1) the flow capacity of the exhaust duct was 
increased so that it < auld jeeept 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 essential features of the untouched 
and modified apparatus. The windshield on the right 
side of the modified apparatus contains a window so 
that the time to ignition and burning behavior of the 
specimen can be recorded on a video system. 

To maintain the simplicity of the system, we opted 
to use the same specimen holders employed for E-162. 
In E-162, the samples user! for surface flame spread 
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T ^ ^ l oo 
Fig. 49. (a) E-162 apparatus, amt (b) modified veision. 

are 1S2 mm wide by 457 mm long. In the HR 2 

modification, these sample dimensions would 
overpower the capability -• of the heat-sensing elements 
to discriminate between the HR 2 of different 
materials. Thus, simple tebts were made to assess the 
optimum size range for optional testing. These were 
found to be as follows:' ^ *•. 

457 mm length for cellulosic l lms 'an inert 
substrain, 
152 mm length for- unmodified cellulosic 
materials, 
76 mm length for most flammable plastics. 

All test materials were conditioned as specified in 
•the ASTM E-162 test method. No other sample 

(b) 

pre-pieparation methods were instituted, such as 
sealing the edges and back of Ae tested specimens. 

Figure SO is a block diagram showing the spatial 
relationship of the essential components and the 
diagnostic equipment. A typical exposure involves the 
following sequence: 

• The radiant panel is stabilized such that the 
radiometer reads 2.35 mV + 0.04. (This is 
specified in the E-162 test method as a panel 
color temperature equivalent to a black-body 
radiating at 670°C, where the .radiometer is 
located at 1.2 m from the radiant panel.) 

• A specimen holder containing a transite board test 
blank is located at one of the calibrated test 
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Fig. 50. Spatial relationship of essential 
components. Exhaust 

air 
control 
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positions until a constant output from the 
exhaust duct thermopile is achieved. During this 
period the pilot flame is positioned so that it will 
intercept the gases pyrolyzed from a te-t sample 
at a position approximately 25 mm above its top 
edge. 

o 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 area has been sized to insure that flames 
occurring during the exposure do not reach the 
thermopile. 

o 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 
censed by a digital voltmeter and recorded by a strip 
chart recorder and1 a paper tape system. The 
information on the paper tape is transferred to 
magnetic tape, and the data are reduced and plotted 
using a PDP 11 computer. 
• Because of the simplicity of test specimen 
preparation and exposure mounting and because of our 
termination, criteria, the exposure duration was 
relatively short for all but extremely durable materials. 
The maximum exposure time for wood samples that 
ws were comfortable with was of the order of 

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

• The time to ignition tj 

• The time to peak heat release rate t_ 

• The peak heat release rate p 

• The integrated first minute heat Q] 
release rate 

<* The integrated first 3-minute heat 
release rate 

Q3 

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

Table 15 summarizes the data taken during this test 
series. The materials used were of two categories: those 
already preconditioned for E-I62 tests, and those used 
in other LLL fire test programs. The column headings 
are defined above. The tested materials and their 
predominant gross characteristics are listed in 
Table 16. 

Figures Sl(a) through 51(d) are bar graphs that 
represent the P, Qj , and Q 3 data contained In 
Table ISatinput irradiance of H = 5.1,4.3,3.5and 
2.6 W/cm2 respectively. The only materials that show 
data at all four irradiance levels are: fire-retarded 
PMMA, Benelex, fiber-reinforce; polyester, white pine, 
and gypsum board. The Lraan and PVC would not 
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Table 15. Heat rolaate rate parameters 

Tiine to peal 
First minute 
Integrated 

3 minute' 
integrated 

Input • Tine to heat release Total energy Peak heat heat heat 
irradlanco ignition rate during^ . .release ttte release rate release rate 

(H) (tj) <9 (H.) ff) «*,) (Q 3 ) 
Materiel . (W/un 2) (s) (») <W) (W/cm2) (W/cm2) W o n 2 ) 

Sheet rock 5.1. 36.3 24 185 5.45 3.9 ^ 
4.3 65 25 280 5.0 3.0 -
3.5 126 . 22 441 4.1 2.4 -
2.6 244 j8 634 1.9 2.4 -

•White pine 5.1 14 34 71, 9.2 84 8,8 
4 3 33 37 142 12.6 93 9.0 
3 3 70 44 244 9.1 8.1 4,8 
2.6 139 47 360 10.2 M 5.0 

Banelw 5.1 63 108 321 30.1 16.5 26.9 
4.3 136 114 585 34.3 24,2 29.4 

3.5 237 no 830 21.7 11.0 16.9 
1 6 334 80 998 28.0 23.7 24.6 

Fibei-rcinfortid 
polyester S.l 115 37 5S2 12.3 10.4 12.0 

4.3 221 25 949 15.5 13.2 13.2 
3 3 357 2S 1250 105 11.3 9 . 1 . 
2.6 583 43 1516 143 10.5 12.0 

PMMA (fire-retarded) 5.1 74 216 375 55.2 23.2 36.2 

4.3 111 226 477 54.8 13.9 30.4 

3.5 250 228 875 40.7 9.6' 213 
2.6 512 280 1331 36J 14.3 20.4 

Polyvinyl chloride . 5.1 28 a 189 142 7.8 3.2 6.4 
Lcxon (polycarbonate) 5.1 146 103 "12 34.2 16.1 28.1 
Plastic-coated plywood -. 

paiclling 4.3 40 63 172 13.2 9.4 84 
Pfolsc-coveieil 

particle board 4.3 58 106 249 19.6 13.7 13.7 
Acoustic ceiling tilo 4.3 24 54 103 7.S 5.8 4.8 

Ignition of pyrolfzcd ga: i at pilot flame only. 

Table 16. Prcdominan 

Materiel 

t fhRrpMPfitf lM Af +p*R+J»J JHatnv.flIf. Table 16. Prcdominan 

Materiel 

L ^IIQl£UkCII!IUb? W LOOT 

Color Exposed a m fan4) Thicknew (era) Weight (g) Density ( g / « i a ) 

Gypsum board White 580 aos 64" 0.544 
Pino wood White 201 6.693 76.8 0552 

Beach* Dark brown 100 0.909 147.0 1.62 

Polyvinyl chloride (PVC) Navy gray 109 1.20 198.1 1.65 

Fiberrdnfoiccd polycJte* (FRP) light brown 100 0.911 218.1 2.40 

lotan (poiyeabonate) Window clear 100 0.929 127.1 1.37 
PMMA (finwctadol) , Window dear • ic° 0.852 123.0 1.49 

Aceuilitil tile Whlto 201 1.77 136.9 0.384 
EtobSc-wted plywood Park, wood grain 201 0,373 44.6 0,594 
Flutic-coatcd paiticli) board light wood grain 201 0.980 146,7 0,744 

°T„ obtain wdpJit of lurfoeo paper contributing to " » heat retetae rate, the nypsnm board specimen was weighed, then the front 
a L r f a w . 3 n i n . e d off end the opeclmcn rcwelshcdi the difference is the toted weight. 
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Fig. 5 1 . Bar jrcphs representing beat teltars rates for different materials. 

ignite below H = 5.1 W/cm1, and we had only a 
limited supply of the composite building materials (i.e., 
the plastic-coated plywood and fiberboard and acoustic 
tile), so we exposed those samples to an intennediate 
irradiance level. 

In all cases, the fire-retarded PMMA exhibited a 
larger P value than any of the other tested materials. 
However, the !• and 3-mnrote integrated values are 
comparable to or less than Benelex and fire-retarded 
polyester at H ^ 4.3 W/cm2. This is deceiving since 

in all exposures, the peak HR 2 for the PMMA was 
not attained until sometime after 3 minutes, thus the 
Qj value did not include the period of highest heat 
release rate of the exposure. Furthermore, we note 
from Table IS that the time to ignition and the total 
heat absorbed duting this period ate relatively high 
met the exposure schedule. So, while this material may 
exhibit high HR 2 values, it is a slow starter. 

White pine exhibits the shortest time to ignition and 
moderately low P, Qj , and Q3 values. Thus, the total 
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hazard .of thip or similar cellulosic materials is not 
insignificant because of their relative ease of ignition. 
The lowest release rate da<*a were obtained with the 
plaster .board. In fact, it was not possible.to obtain' 
Q 3 values because the total burning duration was of 
the order of 1 minute. 

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' January 
1977. If further research is continued with this 
apparatus, it will involve the heat release' rate of 
horizontal poois of burning liquid fuels and plastics. 
Otherwise, the apparatus will be used only as a survey 
device in support of.the Fire Safety Section of Hazards 
Control. 

Flammable Hazards of Christmas trees 
on Display 

Introduction. The growing interest in general fire 
safety at LLL has expanded'the use of the Fire Test 
Facility. A current request was concerned 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 been 
allowed to dry out, along with two .trees that were 
properly kept in water-filled bases. 

Each tree was installed in the fire test cell and 
ignited at the base by using 50 ml of isopropyl alcohol 
in small ceramic dish. Temperature and thermal 
jadJarJDii measurements' were taken by .using a 
thermocouple located at the top of the tree and a 
radiometer with a 90" viewing angle located S m away 
and directed to the center of the tree. 

We used time lapse movies and video tapes to record 
'the rate and extent of burning. We weighed the tree 
before and alter the burn. 

Summary of Test and Results. The data recorded 
from each test show the difference in the burning 
.dynamics between a dry tree and a tree that had been 
kept in water after being cut. Figure 52 compares the 
temperature rise and duration of the fire from a wet 
and-a dry tree. The difference in the magnitude and 
duration of the temperature pulse is related to the tree 
dryness. 

The graph of the output of the radiometers 
(Fig. 53) shows the radiant heat released by the same 
two trees. 

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

These data .show the potential hazards of a dry 
Cliristmas tree in any environment. 

20 40 60 80100120140160 
Time - s 

0 20 40 60 80 100120140160 
Time - s 

Fig. 52. Tcmpsraturo ice mi fire duration bom a wet n.ij a 
dry tret, " 

Fig. 53. BBifont hest released by a wei mid t diy tree. 
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PubSications 

B. J. Held, A Compliance Respirator Program for the 
Mining Industry, Present and Future, Lawrence 
Livermoie L'•oratory, Rept, UCRL-78725 (presented 
at the National Safety Congress, Chicago, Illinois, 
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 
nonexistent as compared to those industries that are 
regulated by the Occupational Safety and Health 
Administration (OSHA). However, the Mining 
Enforcement and Safety Administration (MESA) made 
some major changes to Title 30 Code of Federal 
Regulation, Part 57.5-5, concerning 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 Bureau of Mines approved 
equipment based on a "grandfathering out" of such 
devices. Instead, only equipment approved jointly by 
the National Institute for Occupational Safety and 
Health (NIOSH) and MESA will be acceptable for use. 

The second aiid most important 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 Z88.2, 
"Practices for Respiratory Protection." 

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

A specific ion electrode method for determining 
total cyanide in wastewater samples is presented. The 
standard procedure of heating the sample with HDTA 
did not rave satisfactory results and-modifications of 
the technique were adopted. The interferences of metal 
ions normally found in sewage water and the formation 
of EDTA complexes with metal ions were studied. The 
effect of heating the sample was determined, The 
stability of free cyanide in an untreated; 
neutral-to-basic solution was also investigated. 

B. 1. Held, J. Cross, K. P. Ellis, C. P. Richards and 
R. Rodrigues, Evaluation of One-Year Results of the 
Full-Face Respirator Quantitative Man-Test Fitting 
Program at Lawrence Livermore Laboratory, Lawrence 
Livermore Laboratory, Rept. UCRL-S2187 (1976). 

In August 1975, Lawrence Livermore Laboratory 
began to quantitatively fit all employees who are or 
may be required to we ir any type of full-face 
respirator, After one year, 306 emp'oyees have been 
fitted. A total of 1362 tests were made, using seven 
makes of full-face respirators. Of the 306 employee: 
fitted, 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 
499 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 1999,24% had a MUL of 2000 to 4999, and 
44% had a MUL greater than 5000. These numbers 
were derived r.sing the average of the peak leakages 
occurring during each of six exercises performed while 
wearing each mask,. If the overall average leakage 
occurring during the six exercises rather than the peak 
average is used in the calculations, 90% of the 
employees could obtain a MUL over 1000 on at least 
one make of mask. 

G, O. Nelson, C. P. Richaids, R, D. Taylor, A. H. 
Biermann and H. H. Miller, Enlianced Filtration: 
January-March 1976 Progress Report, Lawrence 
Livermore Laboratory, Rept. UCID-16949-'6-1 
(1976). 

Twelve types of filter media were placed in an 
electric field and their efficiency was tested using a 
sodium chloride aerosol (aerodynamic mass-median 
diameter was 0.82 micron with a get.netric standard 
deviation of 1.911 Fibrous glass and polyp:• jpylene 
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 Livennore 
Laboratory, Rept. UCID-16949-76-2. 

Dielectror/hon Lie filtration experiments were 
conducted on glass, polyesti.,-, dacron, teflon, wool, 
acrylic, and polypropylene filter media. A 
polydisperscd (ag = 2.0, ammd = 0.97 ;im) sodium 
chloride particle was used as a test aerosol. All 
materials exhibited significant increases in efficiency 

"The MtJL for a res 'tatoi ia g number which is the multiple 
of the permissible TV.. or excursion limit for 'oxic materials 
or the MPC^ foi ladioactr materials ami is obtained by 
dividing 100 bj the percentage facepiecc leakage 

( m } 
\ m L = ?„ Leakage/ 
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i with'increasing field strengths, Eflitiencies.of'>?9%. 
'•,.-. could be obtained from glass fiber'mats, using a 

13-kV/cm electric field at 16.3-cm/s face velocity.' 

C.LCtsiiam, Accelerator Safety Program at Lawrence 
Lmrmors Laboratory, - Lawrence.. Livemiore 
Laboratory, Rept, UCRL-786Q0 (presented at the 

. .Fdurth Conference on Application o f Small 
•\-i <-'•" Accelerators, North Texas State University, Denton, 

_..-..,,. Texas, October 25-27, -1976). , •' 
Topics discussed concerning the accelerator safety 

program at . the Lawrence Livermore Laboratory 
., .include the design criteria of accelerator shielding, the 

use of physical barriers, interlocked safety systems; and 
remote area radiation monitors. Personnel dosimetry 
•equipments, administrative controls for accelerator 
start-up procedures,-reentry procedures, and general 
operating procedures are also discussed. Examples of 

- the radiation alarm and radiation safety systems for 
specific accelerator, facilities are also given. " 

J. H. White and C. SI. Sundbeck, Estimates of Cosmic 
RadLtion Vang TLD Measurements, Lawrence 
Livermore Laboratory, Rept., UCRL-78423 (1976). 

In analyzing CaF2:Dy (TLD-200) data .from the 
. • . environmental monitoring program at the Lawrence 

Livermore Laboratory, a quantity of significance is the 
dose to the theimoluminescence dosimeters during 
shielded storage. This paper .describes a method for 
determining this shield dose, which can then be related 
to the dose from cosmic radiation. Data, based on 

,:_.. quarterly TLD exposure periods, show a range of 43-56 
juads per day in a 75 mm thick lead shield. Observed 

variations in the shield dose have hi to studies of 
prolonged exposure of TLDs to elevated and reduced 
temperatures typical of those in the Livemiore Valley. 

A. J. Toy, Thomas BoegeLand J. J, Cohen, An 
Objective Function for the'Environmental Assessment 
of Waste 'Management Systems, Lawrence Livermore 
Laboratory, Rept.' UCRL-7B727 (presented at The 
•Waste Management 1976 Conference; Tucson, Arizona, 
October 1976). / . 

Vari/iis methods are-discussed by which one might 
judge the impact of radioactive 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 new way to 
measure radiation dose significance for the nuclear fuel 
cycle is to calculate population dose per unit of 
electricity generated. We also offer some- evidence 
which indicates the radioactive waste management 
program can be accomplished using, as a limit, 
0.1 man-iem/megawatt (electricaTj-yea.. 

C. T. Prevo, Use of the Borrmann Effect to Produce 
Nearly Mbnoenergetic, X Rays, Lawrence Lrvermore 
Laboratory, Rept. UCRL-78252 (1976). 

The use of the Borrmarui effect to produce nearly 
monoenergetic x rays is described. Both theoretical and 
experimental results are presented for the energy range 

•from 15 to 55 keV., Peak shape, full-widths at 
half-maximum/ and intensities are discussed. In 
addition, a brief description of a computer code for 
calculating the theoretical results is given. 
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