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For* word 

This report is divided into three major sections. Hie first section, 
Progress Reports, covers the status or* activities undertaken or 
continuing during the period; additional reports or separate 
publications will coyer the final results of these activities. The saco.rd 
section, Technical Notes, contains reports on interesting activities of 
a more limited scope on which further reporting is not anticipated. 
The third section lists 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 PROTECTION 

-^'Developments In Light Particle 
Track Registration for Personnel 
Neutron Dosimetry 

A number of laboratories are currently developing 
or using personnel neutron dosimeters that use 
fission track registration.'"5 Unfortunately, personnel 
dosimeters containing fissionable material contribute 
to the radiation dose of the wearer. It is estimated 
that thorium gammas contribute a surface dose to the 
wearer at the point of badge attachment Df 
65-80 mrem/year. 1 ' 2 

We feel that there is a significant potential for 
neutron dosimetry based on light particle track 
registration using non-radioactive materials. Potentially 
useful reactions for this purpose include 6 Li (n,a), 
1 0 B (n,a), and recoil reactions using carbon, oxygen, 
or hydrogen, Proton recoil measurement is particularly 
attractive because it represents a major portion of fast 
neutron dose.' To investigate the potential for these 
reactions, we made a series of free aii irradiations of 
light particle registration systems using bare and 
moderated - 5 i C f neutrons. 

In order to measure track density and sizes in these 
studies, we used a Quarttimet* 720 particle size 
analyzer at the General EleUric Co. Vallecitos Nuclear 
Center. 

Proton Recoil. The detection of 0.62 MeV protons 
from the 1 4 N (n,p) ! 4 C reaction using cellulose 
nitrate (CN) has been reported.7 We consequently 
chose to look for recoil protons using one-inch 
polyethylene discs as proton radiators with Kodak 
Pathe CA80I5 CN as the registration material. The 
neutron source was 2 S 2 C f with a strength of about 
8.6 X 108n/sec. Moderators used included a 
30-cm diam D 2 0 sphere, a 10.5-cm thick iron block, 
and a 20-cm thick water container. 

A variety of etching conditions were tried for the 
CN samples, including 6N NaOH at 22°C for 8 hr, 
at 40°C for 0.5 hr, and 6N KOH at 22°C for 1, 2, 
4, and 6 hr as well as at 40°C, for 0.5 hr. (All the 
etching was done without agitation.) The various 
etching conditions resulted in equivalent measured 
track densities with the exception of the 1 and 2 hr 
KOH etch at 2?°C, which yielded less than 25% of 

Reference to a company or product name does not imp)/ 
approval or recommendation of the product by the University 
of California or the U.S. Atomic Energy Commission to the 
occlusion of others that may be suitable. 

the optimum track densities. Figure 1 is a 
microphotograph of one of the CN plates after etching. 
The small pits are proton tracks, while the larger, 
wedge-shaped tracks are from carbon or oxygen recoils 
or a£ reactions in the plastic. Figure 2 shows the 
apparent pit size distribution for two etching 
conditions, i.e., 6N NaOH at 22°C for 8 hr and at 
40°C for 1 hr, as determined using the particle size 
analyzer. Table 1 shows a summary of the data for 
exposure to three different spectra. The doses for the 
bare Cf source were deteimined by computer 
calculation using a Monte Carlo Code. The doses' 
indicated for steel and water were measured using a 
remmeter at 1 m from the source. These doses were 
then normalized to bare californium. Data for the D 2 0 
moderator are not complete, so they were not included 
in Table I; however, they seem to agree with the data 
shown. 

The encouraging feature of this information is that 
the dose response of the system using proton recoil 
tracks is quite spectrum independent for the sources 
we used. The unfortunate aspect of the data is the 
high background caused by artifacts in the plastic 
rurface. Possibly this could be overcome by better 
; eparation of the CN material, but ii appears that 
another method of track counting will ha'e to be used. 

0 Recoil tracks other than protonr 
or n, or tracks 

Fig. 1. Proton recoil pits 400X magnification. 
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Alpha Particle Registration. We have investigated the 
potential of alpha track registration for neutron 
dosimetry using a set of 6L1F radiators. The radiators 
were prepared by vacuum deposition of *LiF on discs 
cut from a corruw. ferrotype plate used in 
photography. Deposit^..: on the shiny side of these 
plates eliminated the need for laborious polishing of 
the metal discs. The LiF was deposited in layers 
ranging from 1 -5 -6 mg cm~ 2 thick. 

240 

220 

200 

180 

160 

140 

120 

£ 100 

60 

40 

20 

0 

1 1 ) 1 1 1 
Etch condit ions 

i 

6N No OH — 
22 °C 

. „ A 8hr. 
1 (] 1 — 40°C 
- / I j 1 hr. -

n 1 -

" { 
-

- / « -

- / / ! _ 

D / \ ! 
11 \ 1 
»l \\ ~ 

-/' \ v ~ 

.: \ \ 
\ ^ - s -

i i • r x s - . - i i i 
1 2 3 4 5 6 

Pit width — microns 

Fig. 2. Recoil proton etch pit size distribution. 

For most of the energy range of interest 
(I eV - 10 MeV), the 6 Li (n,tt) response function is 
proportional to I/(neutron velocity), so that mere 
registration of the alpha particles does not provide a 
spectrum independent dose response. We chose to use 
intervening layers of polycarbonate absorbing film as 
a crude alpha spectrometer in an effort to estimate 
the effective neutron energy. This material is a 
commercial product called Kimfol which is used for 
manufacture of capacitors. The registration material 
used was a red CN called LRU5 which is produced 
by Kodak Pathe. Alpha tracks appear as white holes 
in the red background. 8 ' 1 0 The exposure conditions 
were similar to those used in the previous section, 
except that the separation between neutron source and 
detector was 50 cm. Etching was done in 6N KOH 
at 4Q°C for 3-1/2 hr. 

As before, the white track holes were counted with 
the particle size analyzer. Data for the meditated 
2 5 2 C f spectra are shown in Table 2. For each of the 
spectra, there is a miiumum hole dei ty at about 
0.7 mg cm" 2 of absorber followed by . "'crease to 
a level near that found without use of an absorber. 
It appears that the tracks at low absorber thickness 
are from the 2 MeV alpha particles from the 
6 Li (n,a) 3H reaction, while the tracks at higher 
thickness come from the more energetic } H particles. 
The 3H particles do not register as well as ths alpha 
particles, and may have to lose a significant portion 
of their energy in the thicker absorbers before being 
detected. 

The data does show some definite spectrum 
dependent relationships, as shown by the ratio of the 
data from the upstream detector with 1.5 mg e n r 2 

absorber to the downstream detector with 0.7 mg 
c m ' 2 absorber. Again, this ratio change is attributed 
to the effect of neutron energy and absorber thickness 
on the 3 H registration. It appears that there may be 
a use for a durJ detector system of this sort through 
the use of absorbers. However, the counting system 

Table 1. Proton track density as a function of 2 5 2 C f moderation. 

' " a neutron 
moderator 

Neutron dose 
rent 

H + ttsclcs cm - 1 rem - 1 

V D Av 

None 
10.5 cm steel 
20cmH.O 

94J 
470 
125 

530 
580 
S10 

880 705 
920 750 
820 665 

Neutron flux -

U D 
Cellulose. i , Nitrate —>0C 

Polyethylene"5* 
Polyethylene"5 

Unirradiated background - 1.4 X 10* tracks/cm2, 20 rem equivalent 



seems to be inappropriate for routine use and an system for the measurement of Pu and U content in 
alternative method must be found. 

Safeguards: Measurement of V and Pu 
Content in Dissolved Fuel Rods 

The goal of this project is to build and send to 
Savannah River a complete x-ray fluorescence analysis 

"burned up" power reactor fuel rods. These rods are 
dissolved in HN0 3 during reprocessing procedures, and 
the analysis is to be performed on these solutions, 
without intervening chemical processes. Because of this 
restraint, the solutions contain considerable quantities 
of fission products (circa 2 Ci/jj), and hence have high 

Table 2. Alpha track density from 6 L i (n,a) 3 H reaction 
as a (unction of Z 5 2 C f moderator. • 

Polycarbonate 
absorber 
thickness Moderator 

rag cm"1 Track density (TD) tracki on- 1 X 10-* 

Downstream (D) Noiic 10,6 cm steel 20cmH :O ISCTIDJO 

0 6.4 6.6 10.0 40 
0.24 4.5 4.8 8.2 10.6 
a 42 3.6 3.0 8.1 11,2 
0.72 1.2 1.4 8.0 15.8 
0.96 3.6 2.2 15.1 16.0 
1.50 2.8 2.0 14.4 17.2 
l.S0(w/o*U> 0.38 0.03 0.09 0.10 
2.25 3.5 5.7 14.6 20.8 
3.00 6.3 5.8 15.4 21.2 
3.75 6.1 4,8 13.8 20,1 
4.50 5.7 3.0 13.2 21.S 

Upstream (U) 
a 72 2.0 0.32 5.2 10.9 
1.50 7.4 3.9 12.8 20.2 

Background 0,05 
Dosc-rem 240. 120. 31. 60. 
TDU(0.72 mg cm'2) 6.2 2.8 1.6 1.3 
TD D (1.50 mj cnr ! ) 
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Fig. 3. System block diagram. 



dose rates of both (? and y radiation associated with 
them. Further, the ratio of U:Pu content is about 75:1 
in high burnup fuel and 350:1 or 400:1 in some low 
burnup fuels. Since the atomic numbers of U and Pu 
differ by only 2, their x-ray energies are very close. 
All of these factors together make this a formidable 
analytical problem. 

Our work has been divided into two areas: 
I) developing hardware that allows collection of state 
of the art x-ray spectra; and 2) developing analytical 
techniques for data reduction. 

The hardware development is reaching complr.tion. 
Basically, it consists of a small x-ray tube exciter; a 
sample changer/scattering chamber, with associated 
collimators, a magnetic j3 trap, a special high resolution 
Si(Li) x-ray detector with its associated electronics, 
and a computer-based pulse height analyzer. Figure 3 
is a block diagram of the system. 

The x-ray tube is an in-house development. It is of 
the transmission anode type, and runs at powers up 
to 30 W. Much development has gone into this device, 
primarily directed at target design. For Pu analysis, an 
excitation energy of about 27-30 keV is optimum. 
Antimony (Sb) provides x rays of about this energy, 
so a great deal of effort was placed in the development 
of Ihin Sb targets. We were finally successful in making 
operable Sb targets, but after much experimentation 
we abandoned them, due to insuperable problems with 
long term iegradation. Silver (Ag) x rays are at 
22-25 keV, which is marginal for our analytical 
scheme. However, silver's excellent physical properties 
convinced us to try it, and a very reliable target 
assembly has evolved. It will run at 20-3 J W levels 
(which are more than adequate) for indefinite periods, 
and in general seem quite satisfactory in terms of beam 
purity and other characteristics. We have two 
additional tubes (besides the prototype) nearing 
completion as of I April 1973. 

Die final design for the scattering chamber 
(shown schematically in Fig. 4) is complete. It 
incorporates a mechanism for introducing samples 
that a n mounted in standard 35-mm slide holders; 
a beam monitor system; a beam dump tube; 
beam and signal collimators; and a magnetic trap 
to prevent the large /S flux from reaching the 
detector. 

Detector development was placed in the hands of 
commercial manufacturers. The problem basically is to 
design a detector system that will provide 
state-of-the-art resolution (necessary to resolve t'i* l\ 
and Pu x rays) at high count rates, and in the presence 
of a considerable flux of high-energy y rays. Two 
manufacturers entered into the program, and, although 
they took somewhat divergent approaches, both 
produced satisfactory systems. 

During development phases, we used our Nuclear 
Data 4420 computer based pulse height analyzer. Our 
interim software development was done in "Nuiran." 
a proprietary higher-level language for this machine. 
However, when the system is sent to Savannah River, 
it will be used with a DCC-S based computer system 
assembled by Ray Gunnick, Jim Niday, and Phil 
Semens, of our Radio Chemistry Department. 
Consequently, all final software will be developed for 
use in this system. 

Data analysis for even the high burn up fuel is 
complicated by several factors. First, the spectra from 
both U and Pu are very complicated. Each element 
has no Jess than 51 discrete L series x rays! The 
relative intensity covers about 3 orders of magnitude, 
and the energies span from about 11 to 22 keV. 
Second, the difference in energy between analogous 
lines from U and Pu is in the order of 600 eV for 
the L B | to 1200 eV for the L ^ . The best resolution 
for a single mono-energetic peak in this energy realm 
is about 200-250 eV fwhm. The result of these factors 
are complex spectra, with many direct interferences, 
and many poorly resolved pairs of lines. Figure 5a is 
a typical specttum of pure U. 

CarefnJ analysis of sample spectra has convinced us 
that the most promising lines for analysis are the 
L 0 | + ] pairs. For If, these lines are at 13.613 and 
13.438 keV; and .for Pu, these lines are 14.279 and 
14.082 keV. Their intensity ratio is about 12:1. 
Obviously, each element's L 0 | and « 2 cannot be 
resolved. However, the Pu pair can be visually resolved 
from the U, even at ratios of approximately 400:1. 
Figure 5b is a spectrum from mixed U and Pu showing 
the L a pairs. Thus, our first task is to devise a scheme 
to accurately measure the area of the Pu L 0 peak. 
Parameterization studies, perfoimed by R. Howell, 
show that the use of asymmetric gaussian 
approximations will allow the removal of the U 
"background" from under the Pu Peak. However work 
is continuing to test the use of symmetric gaussians 
with upper and lower tailing terms. Due to the 
changeover to the new computer system, the final 
subtraction programs have not yet been written. 
Another scheme under consideration is very careful 
spectrum stripping. Initial attempts at stripping showed 
too much gain slu'ft for good accuracy. However, (he 
delivered system will include a digital gain stabilizer. 
This unit, which can be time-shared with other 
experiments, should provide adequate stability to allow 
accurate stripping. 

In order to aliow accurate quantitative analysis, 
variations in x-ray bean intensity must be 
compensated for, as well as variations in self absorption 
within the sample. We have approaches these by a 
dual-beam monitoring system. Beam intensity is 
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Fig. S. Typical spectra. 

INDUSTRIAL J I " " M " 

•/ Effect of Concentration on 
Respirator Cartridge Efficiency 

The service life of organic vapor respirator cartridges 
has been determined for various concentrations of 
benzene and acetone. The test apparatus has been 
described in previous repor t s . 1 1 , I Z Briefly, the test 
procedure consists of assaulting the cartridges with 
known concentrations of solvent vapor and monitoring 
the downstream concentration with a (lame ionization 
detector (FID). Monitoring continues until the 
cartridges are completely saturated. 

Two cartridges were tested simultaneously in the 
parallel configuration shown in Fig. 6. Test conditions 
were 50% relative humidity and a steady state flow 
rate of 53.3 liters/min (equivalent to a moderately 
heavy work rate of 830-kg-m/min). The concentrations 
varied from 125 to 2000 ppm for benzene and from 
50 to 2000 ppm for acetone. 

The characteristic "S" shaped breakthrough curves 
are shown in Figs. 7 and 8. Per cent breakthrough is 

monitored by a rigidly fixed vanadium frame, which 
surrounds the sample. The vanadium x rays generated 
do not pass through the sample, so that the area of 
the V Ka peak is proportional to the x-ray 
fluence X the instantaneous live time X all geometric 
factors. This area will be used to normalize all 
data, and wilt compensate for beam variations, 
detector system dead time, and analyzer dead 
time. 

The Lj line of U is at 11.622 keV, and the V L 7 l 

line is at 20.163. There is about a factor of two 
difference in the absorption coefficients for these 
energies in If. Thus, if their relative areas are 
monitored, a correction factor for self absorp
tion can be generated. We are currently accum
ulating data for implementing both of these 
monitors. 

One area that requires additional work is sample 
preparation. Our present methods, which involve air 
drying sample liquids on 1/2 mil polycarbonate film, 
are useable, but slow. 

Finally, we are assembling the complete 
detector-exciter system, with electronics, in an 
aluminum framed cart. This mobile unit will include 
all of the above-mentioned equipment except the 
computer. It will also include both roughing and high 
vacuum systems for the x-ray tube, as well as its 
low-voltage and high-voltage power supplies. We 
anticipate its completion by 1 May 73. Estimation of 
completion of software cannot be accurately made at 
this time, but work is progressing. 

defined as the ratio of the downstream to the upstream 
assault concentration measured as a function of time. 
The figures indicate conclusively that the time to reach 
a given breakthrough increases as the concentration 
diminishes. 

The breakthrough time-concentration relationship is 
not inversely proportional as one might intuitively 
suspect. However, a logarithmic plot of the break
through time (for example at 10%) as a function of 
the concentration yields the linear relationship shown 
in Fig. 9. Here resultant empirical equations are: 

.. I^XIO 4 , , 
(10* ~ ^ T T T (0r b e I K e n e • a n d 

i ixi(fi 
l10% = ~SM~ foracetonewheret 1 ( w is thc 

C time in minutes to achieve 
10% breakthrough and C is 
the upstream assault concen-
tration in parts per million. 
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These relationships allow far the prediction of effective 
cartridge service life if the flow rate, humidity and 
concentration are known. 
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FIRE SAFETY. 

HEPA Filter Fire Protection 

'^BiTfodiwlaon. Previously we have reported on 
successful experimental work aimed at protection of 
HEPA filters from the effects of heat generated in an 
unwanted fire, and on preliminary work to minimize 
ot eliminate the smoke plugging effects on such 
filters.' 3" I J In the period since the latest report, our 
efforts have been channeled along the following lines: 

Continuation of filter plugging studies involving 
smokes fed to the filter at different 
temperatures and at different fuel rates. 
Bench tests to screen wetting agents for 
possible use in smoke scrubbing experiments. 
Trying out different arrangements of sprays, 
screens, and demisters with a selected wetting 
agent to obtain what appears lo be a sood 
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physical setup for scrubbing smoke out of the 
air stream. 

4. Preliminary smoke scrubbing tests using 
information found from the work described in 
Paragraphs 2 and 3 above. 

Filter Plugging Studies. Eight filter plugging tests 
were made using the technique described in our 
previous Progress Report . 1 5 In the present work, cold, 
warm, and hot smokes generated by burning neoprene 
or fire-retarded acrylic window material at fuel rates 
ranging from 50 to 100 g/min, were fed to new HEPA 
filters. Since these results are similar to those 
previously reported, the data are not given in this 
report. Instead, they will be integrated into a future 
report in which a complete spectrum of smoke 
temperatures and fuel-feed rates will be covered. 

Bench Tests of Wetting Agents. Past experience 
suggests that smokes are more likely to be acid than 
neutral or alkaline in character. Furthermore, previous 
work 1* has shown that smoke from a fire-retardant 
urethane foamed plastic prevented the formation of 
a high expansion fire fighting foam. Laboratory 
analysis of the soot from this particular smoke showed 
the presence of HC1, probably from the decomposition 
of the fire retardant. Hence if wetting agents are to 
by effective in scrubbing out smoke particulates, they 
should not react chemically with smoke acids. This 
suggests that non-ionic or anionic wetting agents 
should be employed rather than the cationic type. 

Accordingly, a number of commercially aviilable 
non-ionic and anionic wetting agents were obtained 
and screened for possible use in our work as follows: 

1. Four concentrations - 0.01, 0.02, 0.05, and 
0.10% by weight of the six wetting agents 
obtained were made up and 200-ml aliquots of 
each were placed in beakers. 

2. Small quan tities of soots, individually obtained 
by burning neoprene, vinyl film, oil, clear 
methacrytate, were scraped out of the stack 
and dusted onto the surface of the various 
solutions. 

3. The wetting actions of these solutions on the 
various smokes were observed and rated 
on a comparative basis. Cross checks were 
made on the more effective solutions and 
concentrations. 

The results of these tests are shown in Table 3. On 
this basis, two agents were selected for testing in 
ductwork smoke experiments. 

Scrubbing Arrangement Tests. We reason that smoke 
particles have a good chance of being wet (and hence 
being able to be flushed away) if they are forced to 
pass through a thick wall of foam. Hence tests weie 

Table 3. Results of wetting agent 
bench tests. — • 

Smoke Older of wetting action, best to wont" 
t 2 i 4 S 6 

DTEoU A" B C D E F 
Neopiene A B C D F E 
Acrylic A B C D F E 
PVC B D C A F E 

A concentration of 0.05% was judged best in most cases. 

Wetting agent" Kind 

A Non-iocic 
B Non-ionic 
C Non-ionic 
0 Non-tank 
E Anionic 
F Anionic 

made in the experimental duct system using cold, 
warm, and hot air employing: 

a. different numbers, kinds, arrangements, and 
positions of spray heads 

b. one of the selected wetting agents (A) at 
concentrations of 0.03% to 0.10% 

c. different kinds, locations, and orientations of 
scrubbers 

d. the presence or absence of a fJemiste> further 
downstream. 

Some tests were made on cold, warm, and hot smokes 
generated by burning vacuum-pump oil on the "better" 
arrangements. In these smoke tests it was found 
necessary to use a fine water spray downstream ahead 
of the demister to break up the foam and prevent its 
being carried through to the HEPA filter. The "best" 
arrangement, judged by our visual evaluations, is shown 
in Fig. 10. This will not be interpreted as a design 
criterion because of problems that will be covered in 
the next section. 

Smoke Scrubbing Tests. Three cold-, one warm-, and 
one hot-smoke scrubbing tests were made using oil as 
the fuel at a rate of 63 to 70 g/min and Wetting Agent 
A in the water spray. Concentrations of the smoke 
particulates were obtained before and after the 
scrubbing system by taking 1-min samples, at 5-min 
intervals, on 47 mm Type E Gelman fibrous glass 
filters, at a rate of 1.5 cfm, weighing the smoke 
deposits, and calculating the concentrations. 

Comparative data on the filter life; i.e., time to reach 
a pressure drop across the filter of 5-ii:. water gauge, 
for these scrubbing tests and the noil scrubbing tests 
are shown ir, Table 4. Also shown are the smoke 
concentration reductions effected by the scrubbing. It 
is apparent that these experiments show no prolonging 
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of filter life using the above-described techniques, 
although smoke is being scrubbed out of the syc"m 
ahead of the HEPA filter. 

Discussion. The results obtained from the few 
smoke-scrubbing experiments conducted to date are 
disappointing in that the filter life was not extended. 
These data, plus the indications that smoke 

concentration is actually being reduced by the 
scrubbing, suggest that it is the smaller particles that 
are passing through the spray-foam system and that 
diese are responsible for the filter plugging. 

An additional point should be noted, When the 
smoke-parJiculate samplers were first installed, they 
were tested in an otherwise empty duct system using 

• Gas burner Smoke injector 

Sfairmand disc 

Wale 
(Wetting agent) 

spray 
HEPA filter 

Fig. 10. Typical duct arrangement for smoke experiments. 

Table 4. Smoke scrubbing.-

Smoke Burning 
rates g/min 

Fitter lifc', min 
Wetting1 With Without 

agent cone wetting wetting 
% agent agent 

Smolmc 

cojiceatiatKHi 
reduction, % 

Cold* 6048 0.0+0.05 53 49 12-40 
Ytanie 60-70 0.04 53 49 45 
Hot' 65 0.70 48 - 15 

^Vetting agent A - concentration varied 33 necessary to produce a stable foam on the scrubber. 
Time to teach a pressure drop of 5 in. water ac/oss HEPA filter. Tfme adjusted to reflect a burning fate of &5 g/min in all cases for 
direct comparisons. 
Smoke reduction on weight basis as determined by sampling before nnd after scrubbing system. 

dRuns CS-I, 2, 3 and PCS-S, 9. 
*RUIM WS'I and PWS-I, 4. 
fRun HS-I. 
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a dioctyl pullulate generator. Changes were made in 
(he size and locations nf the inlet sampling tabes until 
consistem results were obtained between the upstream 
(prescrubber) and downstream (postscrubber) system. 
However, in subsequent filter-plugging tests some 
wilh the scrubbing system in place and some without, 
bul in all cases without the use of water or foam 
sprays the upstream sampler has consistently 
yielded lower particulate loadings than its downstream 
counterpart. In ill cases sampling at the two points 
was done simultaneously for the same durations and 
at the same rates. This suggests two things: 

1. That the concentration-reduction values given 
in Table 4 arc conservative, to say the least. 

2. That (he sttuifcc at the upstream sampler 
position has not agglomerated or Mown in 
particle size to the extent that it has a( the 
downstream sampler. 

These points were discussed at a meeting in 
December 1972 with Mr. R. B. Smith, AEC 
Technical Monitor for the project, and. 
Mr. A. J. Pryor, AEC ALO. From the discussion two 
points have been raised: 

1. What are realistic burning rates of the plastics 
of interest and how do they compare with the 
rales we have been using? 

2. How much will smoke from these plastics, 
burning at icalisiie rates, age and agglomerate 
between the fire source and a HEP A filler or 
a prefilter'.' 

As a result of this meeting, we have made inquiries 
of 11 government and private organizations involved 
in fire research, testing, or statistics, asking for data 
or best estimates of burning rates of plastics of interest. 
The results of this inquiry may be summarized as 
follows: 

INSTRUMENT n n i c " " " r " T 

Measurement of Burnuann Anomalous 
Transmission on Ge and C3Te Crystals 

The channeling or anomalous transmission of 
photons in the I 50 kcV energy region through ; erfect 
crystals whose mass attenuation is such that they 
should be esr nliall • opaque has jeen kr .-tvji for r t n y 
y e a r s " 

We arc interc vd in creating a t/ai.Jpass, x-ray filter 
with high " 0 using various pc.fect crystals. These 
filters, if hey have a .'agii enough absolute 
transmission, would have ma , ..ses in XRF elemental 
analyst- One of the ni"',. important would be a 
completely passive field XP 1 1 unit th-i would respond 
to n» r one element. The projected design wouW use 

1. Very little information is available regarding 
real-life burning rates for plastics. 

2. What comparative data are available do not 
check among the laboratories furnishing the 
data. Most of the data available are 
extrapolations from very small scale 
decomposition tests. 

3. One prominent fire researcher commented that 
much burning rate data exist for materials that 
are relatively little used today in building and 
furnishing. 

From discussions associated with these inquiries, it 
appears that there are bits and pieces of information 
regarding burning rates of and smoke evolution from 
plastics, but there are significant gaps - primarily in 
the quantitative areas - in the knowledge needed to 
properly assess the problem of smoke plugging of 
filters. We have, therefore, suggested a meeting of 
concerned AEC and Contractor persons to reevaluate 
the scope of the project and suggest modes of attack. 
It is our belief that tests need to be conducted to 
determine the real-life burning rates of plastics with 
which we are concerned. Following Oris, studies should 
be made on the aging and cooling of smokes as they 
pass from a fire source through a room to the exhaust 
ventilation system. Then elimination methods -
scrubbing, precipitation, for example - can be studied 
using smokes generated at realistic rates and appro
priately aged and cooled. 

Future work will depend upon the results of the 
project revaluation. At present we are continuing our 
studies on filter plugging varying the fuel, feed rate, 
and smoke temperature, in order to provide a broad 
spectrum of data which it is hoped wii) be useful in 
solving the problem. 

an isotopic exciter, a Borrmann crystal properly 
aligned, and a passive detector such as film or TLD 700 
chips. A prototype device is shown in Fig. 11. 

V have completed a measurement of the 
transmission of 2 I-mm thick germanium crystal at 
aboi" 17 IceV ami have qualitatively ascertained the 
passband shape in a particular geometry. We used the 
new Ag l ransrrission anode x-ray tube built ; n our 
group and one oi our Si(Li) detectors to obtain this 
information. p i r further desc r ip to r , of the x-
ray tu&e, see Safeguard Measurements by Cate 
and Pickle in this report. Th. j experimental set
up if shown in Fig. 12 and the results are summarized 
in Fig. 13. 
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Kapton 
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Borrmann 
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TLD (CaFor LiFcMp) 

fig. 11. Center section Uirough prototype Geld XRF system. 

We have observed an increased transmission using 
CdTe crystal, but a quantitative measurement has not 
been made. We are currently digesting this information 
and c omplete report will be published soon that will 
contain our recommendations about any further 
interest we might have in the use of this technique. 

Transmission 

X ^ ^ Incident V

G e c ^ a l 

^ y beam 

Collimators-

I / • [ - . Si (Li ) 
detector 

Goniometer 

Fig. 12. Schematic of the experimental setup. 
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Fig. 13. Incident and transmitted beams. 
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Technical Notes 

INSTRUMENT DEVELOPMENT. 

Gas Flow Proportional Counter 
Sensitivity as a Function of Altitude 

In a previous report,1* a portable kit for monitoring 
tritium in urine was described. The technique invoked 
generation of acetylene (C 2 H 2 ) by the reaction of 
water (urine) on calcium carbide. The acetylene is used 
as the counting gas of a flow through, proportional 
counter. If there is tritium in the urine sample being 
monitored, formation of CjHT ailows rapid detection 
of the tritium content within the limits specified in 
Ref. 18. Since the system has been designed to be used 
in an emergency response situation inywhere in the 
world, its sensitivity as a function of atmospheric 
pressure was studied to determine the correction 
factors that should be used as a function of altitude. 

Measurements were made at selected locations (see 
Table 5) along a mountainous route leading to Souora 
Pass, California (altitude 9,620 ft). Approximately 

1.0 
0.9 io 1 f -

*ro 0.8 — 0 -
": 0.7 
t 4^^ -

0.6 -
0.5 1 _l I 0.5 

1 2 3 
Altitude •— km 

* Counts/mm per juCi later (normalized to 760 mm) 

Fig. 14. Plot of normalized data (column 3 of Table S). 

one-body burden (27.3 juCi/liter of tritiated water) 
was used as the test solution for the measurements. 
The normalized data (Column 3 of Table 5) is plotted 
in Fig. 14 and can be compared to the curve of 
altitude vs baiametrio pressure normalized to 
760 mm Hg. This curve is, plotted from the 
equation 1 9 

p « P e

- h / 7 
r l *0 e (1) 

where P 0 = 760 mm Hg and Fj is uV pressure at 
altitude h (in kilometers). Column 6 in the Table 
shows the percent deviation from the curve. Figure 14 
can, therefore, be used as a correction curve for 
detector sensitivity as a function of altitude relative 
to sea level. 

Although the experimental data does not follow the 
theoretical curve faithfully, the expected trend in 
reduction of sensitivity at higher altitudes was 
observed. Under more ideal test conditions (i.e., the 
experiment performed in a pressure chamber) better 
data would probably be realized. 

Computer Program for Calculation of 
Signal Squared to Background Ratio 

The development of a computer program that 
calculates the signal squared to background ratio for 
gamma ray detectors has been briefly discussed n, the 
previous report. 1 5 At present, an updated version is 
being used which includes some additional options. 
The program now allows the calculation of the signal 

i y or ine irjtt. 

Sensitivity Petcentd 

(counts/min Pressure'' Sensitivity0 deviation 
Altitude Pressure4 per pCi/Iitei) Altitude Altitude Experiment 

0cm) (Hg) count rate at (tan) (km) Theoiy 

0 1.0 1.0 _ _ _ 
0.2 0.97 J.0 4.85 5.0 +3 
0.455 1936 .795 2,06 1.75 •15 
1.15 0.85 .93 .74 .805 +9 
1.9 0.76 .74 .4 .39 -2-1/2 
3.0 0.65 .75 .117 .25 +!5 

aNormiliKd to 760 mm Hg. 
6FromEq. (')• 

Experimental. 
ExperimentaVttwfOy. 
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squared to background ratio or the .alio of the signal 
to the standard deviation of the signal plus 
background. This is accomplished using the gamma ray 
spectra obtained from various detectors. Calculations 
may be performed according to several different 
strategies as described below; and the results of the 
calculations as well as the gamma ray spectra may be 
displayed in a wide variety of plotting options. 

There are two categories of signal to background 
calculations; i.e., those where a background spectrum 
is available for comparison and those where it is not. 

The following options may be used when a 
background spectrum is available: 

1. Variable upper level discriminator 
The background spectrum is subtracted from 

the signal + background spectrum. The signal 
is defined by the residual spectrum area 
between channel one and a chosen upper 
channel limit. The upper limit may be 
automatically varied in several modes and the 
calculation of signal to background repeated. 

2. Sliding window 
The background spectrum is subtracted from 

tite signal + background spectrum and the sig
nal is defined by the residual area between two 
channel markers. The position of the markers 
may be varied automatically in any of several 
modes while maintaining constant separation. 

3. Peak search 
The background spectrum i.'. subtracted from 

the signal + background spectrum and the 
residual spectrum is searched to locate gamma 
ray photopeaks. Peaks ate identified by 
computing the second derivative of the gamma 
ray spectrum and noting the channels 
corresponding to local minima in the second 
derivative. The signal corresponding to each 
photopeak is determined from the background 
subtracted or "residual" spectrum, 

If a background spectrum is not available, a peak 
search of the signal + background spectrum will locale 
the gamma ray photopeaits. Then a crude estimate of 
the background is made by fitting a straight line to 
the continuum on either side of the photopeaks. 

The program described above has been used to stu.'.y 
gamma ray spectra obtained with Ge(Li), Si(Li), 
NalfTl), and FiDLER detectors. DD80 plots of the 
signal squared to background ratio vs gamma ray 
enejgy have been used to compare the performance 
of these detectors. 

Computer Program for the Analysis 
of JVal(Tl) Gamma Ray Spectra 

Gamma ray spectra obtained with Nal(TI) detectors 
are characterized by poor resolution and consequent 
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overlap of nearby photopeaks. As a result, these 
spectra do not bnd themselves lo simplj pliotopeak 
analysis procedures since the continuum is not well 
known underneath the phoiopeafcs and often the 
number of photopeaks in a multiplet is unknown. 
Historically, an alternative approach has been taken in 
which the response functions for monoenergetic 
photon fluxes are determined experimentally or 
theoretically and these response functions are fitted 
to the gamma ray spectra. 

In practice, the respon-e functions for 
monoenergettc photons have been used in the context 
of a "stripping" procedure. That is, the response 
function is fust fitted to the most energetic photopeak 
and then stripped from the spectrum producing s 
residual spectrum. The residual spectrum is then fitted 
with another response function corresponding to its 
most energetic photopeak and the stripping is repeated. 
A stripping procedure such as this may, in principle, 
yield the photon intensities and energies directly. 
Actually, a stripping procedure may be expected to 
provide reliable results for the most energetic photons 
in the spectrum, but the accumulation of systematic 
errors as the stripping procedure continues generally 
reduces the reliability of the results obtained from the 
low-energy portion of the spectra, in addition, the 
fitting of the response function is confined to the 
photopeak region where statistics may be poor and this 
may lead to Iar„; systematic errors in the stripping. 
Finally, these procedures defy most attempts to obtain 
a reliable estimate of the uncertainties in the results. 

Recent efforts to obtain photon intensity data from 
NalfJ]) spectra have focused on least squares fitting 
of a library of response functions to the gamma ray 
spectra. This approach has the advantage that statistical 
information contained in the entire energy spectrum 
is used in fitting the response functions rather than 
using only the information contained in the 
photopeaks. Even so, these procedures are limited by 
the reliability of the response functions contained in 
the library. There are very few sources of 
monoenergetic photons and, as a result, the response 
functions must be obtained either by an interpolation 
procedure using a small number of experimentally 
determined response functions or they must be 
theoretically determined. Et'lher method has serious 
pitfalls. 

A computer program, written for use at L(X, takes 
an alternative approach. Instead of operating on 
response functions for monoenergetic photons, the 
response functions used are those for the gamma ray 
spectrum due to a particular nuclide. A library of 
nuclide response functions is stored and these are fitted 
to the gamma ray spectra in the minimum x 2 sense. 
Amplitudes obtained for the response functions give 



directly, with appropriate corrections for decay and 
timing, the specific activity of each nuclide present in 
the spectrum so long as the nuclide library is 
sufficiently complete. 

The procedure for fitting the response functions to 
the spectra gives a direct estimate of the uncertainties 
in the results. In addition, whenever small amplitudes 
are obtained with large uncertainties, an F-distribution 
analysis is used to determine whether or not those 
response functions make a statistically significant 
contribution to the final Jit. As a esult, all non-zero 
amplitudes obtained may be assigned non-zero values 
with 95% confidence. 

Results of the spectra! analysis consist of the specific 
activity of each nuclide present in the spectrum and 
its uncertainty (95% confidence interval). All values 
are corrected for radioactive decay, system dead-time, 
duration of counting, etc. Also, DD80 plots of the 
spectra, response functions and the final fit are 
produced together with plots of the residuals. 

Neutron Spectrometer 
Recently, we successfully used an 3He gas filled 

proportional counter with pulse shape discrimination 
circuitry to obtain a neutron energy spectrum from 
a Pu-ti a,n source. The source strength was 
approximately I0 6 n/sec into 4;r. The new pulse shape 
electronics allows the separation of neutrons, gamma 
rays, and events in which the recoil tracks intersect 
the walls and/or end regions of the detector. Figure 15 
shows the two dimensional spectrum taken on our 
4420 Computer Analyser System. Risetinie is plotted 
vertically and pulse height horizontally. The intensity 

Pulse height 

Fig. 15. 2D display of Pu-U neutron energy spectrum taken 
with an 3He proportional counter. 

Pulse height 

Fig. 16. Pu-Li "clew" neutron energy spectrum. 

of the white dots is indicative of the number of counts 
for each rise time, pulse height coordinate pair. 
Figure \6 shows the "clean" fast neutron energy 
spectrum obtained. 

We have also completed programs w>iich will unfold 
neutron spectra taken with hydrogen and methane 
recoil proportional counters. These programs operate 
simultaneously with data acquisition. 

Tiie system is being moved to the Hazards Control 
calibration facility so that more sources can be 
measured in the low scatter room. 

We intended to thoroughly explore the effectiveness 
of the 3He, argon-methane, and hydrogen porportional 
counters for the energy re?ion, 10 keV to 10 MeV 
before acquiring more types of detectors. 

Computer Program for Fitting Spectra 
Using Gaussian or Variable Gaussian-Like 
Peak Shapes 

Sometimes there is a need to extract the parameters 
describing a single peak from a spectrum vomposed 
of many such peaks. In many spectra the first 
approximation to the shape of the peaks is the 
Gaussian distribution; however, both instrumental and 
physical effects may destroy the symmetry and shape 
of the Gaussian lines. 

A computer program that fits 3 spectrum with peaks 
of the form 

((X-XjVAo)* X<X\ 

HX-tyo? X>Xj 

has been written and may be obtained from the author. 
Pure Gaussian peaks are obtained by fixing A = 1 and 
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a =J s 2. Fits CG a spectrum may be made varying 
Yj, Xj, i?j, \,a, |3 in any combination. The parameters 
\, a, and ji are constrained to be the same for all peaks 
in the spectmm. The parameters Yj, Xj, and Oj can 
vary for each peak in the spectrum independently. 

The chief advantages of this program are the strong 
convergent* properties of the search method used and 
the relative ease with which tht 'fictional form of 
the peak shape may be modified. A search may be 
carried out allowing all available parameters of ail the 
peaks in the spectrum to vary. Convergence to a well 
defined s;( of best fit parameters has been found to 
be limitfd mainly by the statistical accuracy of the 

data being fit. The functional form of the peak shap<; 
is determined by calculations in one subroutine. Only 
the value of (he function need be calculated, no 
derivatives ate necessary. 

Other features of the program »re the option to use 
numerical differentiation of the data to provide initial 
values for peak position and height and to statistically 
test the fit after each run, adding another peak and 
doing a new fit when necessary. 

Full graphics and numerical output is provided with 
both daytime and batch operation. A graph of a typ
ical fit is seen in Fig. 17. Details on the use or modi
fication of this program are available from the author. 

!2/:a 
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Fig. 17, Fit qf six Gaussian peaks lo the background subtracted x-ray fluorescence spectrum of uranium. 
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Publications 

G. 0. Nelson, Preparation of Static Calibration 
Mixtures, Lawrence Livermore Laboratory Rept. 
UCRL 7444! (1972). 

A summary of the techniques and methods for 
producing known concentrations of gas and solvent in 
air is presented. Major topics include contaminant 
introduction, chamber configurations, calculations and 
sources of error. 

This paper will be included as a boo!; chapter in 
"Methods of Air Sampling and Analysis" published by 
the American Public Health Association. 

M. S, Singh and L. Ruby, Production and Release of 
Positron Emitters from Water-Moderated Power 
Reactors, University of California, Department of 
Nuclear Engineering Berkeley, California 94704. 

A significant amount of radioactivity is produced 
via secondary nuclear reactions in the water which 
circulates through the core of a power reactor. The 
most important reactions are those which produce 
positron emitters, namely 3 6 0(p ,a) , 3 N and 
1 0B(a,n) 1 3N which are endoergic, and , s O(p,n) I 8 F 
which is exoergic. The production of positron-emitting 
nuclides is of particular significance in the case of 
boiling water reactors. In such reactors, 
noncondensibles and steam, which are continually 
vented from the condenser, may contain appreciable 
amounts of 1 3 N. The production rates for 1 3 N and 
1 8 F have been calculated in the case of a 3250-Mu/(th) 
reactor using a simple model for the energy 
dependence of the neutron and proton fluxes, and 

literature values of the cross sections. The resultant 
production rates are 2.39 X 10 1 2 at/sec for ,3bf, and 
7.65 X 10 1 1 at/see for , 8 F . These productions are 
in good agreement with measured values of the 
production rates when the latter are scaled up to 
3250 MW(th). Nitrogen-13 release rates scale to be 
~3 mCi/sec, whereas the calculated production rate 
corresponds to 75 mCi/sec. The difference is probably 
due to the efficient removal of , 3 N by the anion 
exchanges. 

This paper was published in Nuclear Technology, 
vol. 17, No. 2, February 1973. 

6. Freeman, J. Luce, H. Sahlin, £. Chambers, T. Crites, 
C. Nelson, and O. Zucker, Enhanced Neutron Yields 
from Electron Beam Deuterated Polyethelene Target 
Interaction, Lawrence Livermoie Laboratory Rept. 
UCRL-741S8 (1972), 

Yields of 2.1 X 1Q6 neutrons per pulse have been 
obtained by directing a 200 J, SO nsec telativistic 
electron burst from a deuterated polycthelene, CD2, 
tipped cathode into a tapered cylindrical hole in the 
front CDj target of an insulated double target 
structure. Unoptimized yields of 2 X I0i0 neutrons 
per pulse were achieved with a 2000 ) 30 nsec 
electron pulse. Half of this yield may be from a DD 
thermonuclear reaction. Activity from C12 (D,n) Nij 
reactions indicates burst of 10 1 3 collectively 
accelerated ions. 

This paper has been submitted for publication in 
Physical Review Letters. 
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