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Progress Reports 

Radiation Protection 

Development of a Combined 
Etch Track—Albedo 
Dosimeter 

The use of thermoluminescent albedo dosimeters 
is becoming increasingly more popular for person
nel neutron dosimetry. High sensitivity and ease of 
automation make these dosimeters an attractive 
alternative to NTA film or fission track detectors 
Tor routine personnel dosimetry. The major limita
tion of albedo detectors is that the dose-equivalent 
response is severely neutron energy o; spectrum 
dependent.1 They are, primarily, low-energy detec
tors (Fig. 1). In fact, the relative dose-equivalent 
response can vary as much as a factor of 30 between 
exposure to an unmoderated fission source and one 
heavily moderated by D , 0 (Fig. 2). Although, in 
practice, the spectral variation found in the 
workplace should not cause such severe variations 
in dosimeter response, considerable uncertainty 
about proper calibration factors may still exist. 

One attractive approach used by others ! J has 
been the addition of a fast neutron detector such as 
threshold fission foils to the albedo neutron 
dosimeter so that the fast neutron dose component 
can be estimated more accurately without losing the 
advantages of the TL detector. At LLL, we have 
To.md the use of elertrochemically etched polycar
bonate (ECEP) to be an attractive alternative to fis
sion foils or NTA film for this purpose.* 

When they go home, Laboratory employees 
retain their security badges with built-in dosimeter. 
As a result, we are not able to use radioactive 
material such as 2 ! 2Th or 2 "Np for personnel 
monitoring. ECEP, on the other hand, is nontoxic, 
inexpensive, can be included directly in an albedo 
badge (unlike NTA film), and has an energy 
response similar to " JTh (n, fission) (Fig. 3). One 
additional advantage is that the ratio of the track 
density on the neutron incident side of an ECEP 
detector foil to the exit side track density is 
significantly greater than 1.0 for neutrons near the 
energy threshold (Fig. 4). This provides one with the 
potential of being able to estimate the orientation of 
the person being monitored at time of exposure, 
Knowledge of body orientation would be very 
helpful in attempting to evaluate the effect of body 
shielding or scattering on dosimeter response. 

Conceptually, an albedo-ECEP dosimeter is 
evaluated as follows. The TL detector is read 
routinely for each monitored employee. If, and only 
if, the TLD indicates a significant neutron exposure 

(>50-J00nirem), we will process the ECEP compo
nent. This consists of removing the protective 
polyethylene film from each of 4 0.25-mm-thick 
pieces of polycarbonate located in the bottom of the 
dosimeter cup (Fig. 5). The samples are then ex
posed to a UV lamp for 1 hour to complete a 
process of photo-oxidation that appears to be 
necesss-y to render many of the tracks etchable.4 

The etching process involves placing the samples in 
a holder between two volumes of 28% KOH and ap
plying a 2-kHz, 800-V poteniial across the sample 
for 5 hours. The resulting tracks are actually tree-
shaped, sub-surface voids (Fig. 6). Viewed from the 
surface of the sample, they have a circular cross sec
tion with an average diameter of 70 ftm, so that they 
can be counted easily with a microfiche reader (Fig. 
7). 

In evaluating dosimeter response, we begin by 
determining the ratio of track densities on each side 
of the ECEP foils. An air/body track density ratio 
greater than about 1.5 indicates that tlie neutrons 
were incident on the air side; i.e., a frontal exposure. 
A ratio of less than 0.5 indicates the wearer had his 

— Neutron dose 
equivalent 

— Hankins-type 
albedo dosimeter i 

I 

Neutron energy, IvIeV 

Fig. 1 . Calculated tieiMror< response of "'hflnttns cjpe" albtfio 
dosimeter compared nith ICRP-21 da&e-equivflcr.' conversion 
factors. 
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back to the neutrons. The most likely situation is a 
ratio or about 1.0, indicating that the neutrons were 
not unidirectional; i.e., the source was spatially dis
tributed and/or that tfae wearer was moving around 
in the field. The result of the orientation evaluation 
will govern the dosimeter calibration factors to be 
used. 
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Fig. 4 . Measured ratio R of track densities on incident to exil 
sides ot ECEP vs neutron energy. 

For dose-equivalent evaluation, the combined 
dosimeter is considered to have a two-component 
spectral response; ECEP for neutrons with energies 
greater than 1.5 MeV and albedo for neutron 
energies less than 1.5 MeV (the value of 1.5 MeV is 
somewhat arbitrary). The effective dose-equivalent 
response of ECEP to neutrons with energies above 
1.5 MeV is relatively constant for Fission or 
moderated fission spectrum neutrons. Using a ;"Cf 
source and spectra calculated with the AN1SN dis
crete ordinate code, we obtain a value of 80 
tracks• em ; 'Rem' 1 (En > 1.5 MeV) for a frontal 
exposure and 6,4 tracks • cm": • Rem'1 (En > 1,5 
MeV) for a dosimeter on the back of a phantom. 

The effective dose-equivalent response of the 
albedo detectors for neutrons with energies below 
1.5 MeV varies significantly with neutron spectrum. 
Rather than using a single effective calibration fac
tor, we will use the ratio of ECEP response to 
albedo response to determine the spectral quality. 
Knowing something about the spectral quality, we 
will have a more accurate estimate of proper effec
tive dose-equivalent response for the albedo detec
tor. To understand more about the relationship be
tween ECEP-albedo ratio and the effective renvoi 
sion factor for albedo response, we used Monle 
Carlo calculated spcclnt for many moderated fis
sion neutron configurationss to calculate the effec
tive response of albedo detectors and compare them 
with the equivalent calculated ECEP-albedo ratio 
(Fig. 8). 

It is clear that the relationship between relative 
albedo dosimeter response and ECEP-albedo ratio 
depends heavily on the moderator material. 
However, quality of the relationship can be roughly 
characterized as falling in two groups—low-Z 
moderation (H jO, D ,0, concrete, graphite, 
beryllium) and "metal moderation" (iron, copper. 
lead, uranium). It therefore would be valuable, and 
probably not impractical, to know something about 
the moderator materials used in the working en
vironment. 
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Fig. 5. DraHmgof comtinei ECEP—albedo dosimetry. 

A relationship of the form C=l ,°'W r ! l > can be deter
mined which approximates each class of moderator 
responses (Fig. 8), where C is the effective albedo 
detector calibration factor, a and b are constants 
dependent on the spectra] sensitivities of the ECEP 
and albedo detectors, and R is the ECEP-albedo 
ratio. Using experimental data normalized to the 
responses shown in Fig. 8, we obtain the following 
equation for evaluation of dose equivalent from the 
ECEP-albedo dosimeter components: 

Dose equivalent. D.E. = Ae"*1""' + cT 
= a'Ae b l n" + cT 

where 
A = albedo response—gamma rad 
T = ECE response—track/mm: 

R = ECE response/albedo response 
3' and b depend on sensitivity and readout of 

specific dosimetry systems 

Fig. 6 . Cross section of FCEP sample showing profile of a 
track. 

(a) 2-hour etch, 
(b) 5-hour etch. 

c = 1.25 rem /track /mm : (E„ > 1.5 MeV, 
from exposure) 

c = 16 rem/track ;mm ; (En > 1.5 MeV, 
rear exposure). 

Typical background — 0.01 tracks/mm"' 
Typical area of count— lO'mrrr. 

We have made preliminary tests of a prototype 
combined dosimeter at the recent ORNL Personnel 
Dosimetry Intercomparison and at a location in our 
plutonium storage vault. Reference dose-equivalent 
data for Ihz Intercomparison were provided by the 
ORNL staff. An Anderson-Braun remmeter was 
used as a reference for the vault measurements. The 
results are presented in Table I. 

Conclusion. The addition of polycarbonate sheet 
to albedo detectors for elecirochemical etching 
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Table 1 . Albedo - ECE test exposures 

Source 
Dose equivalent - rem 

Reference phantom front Phantom rear 

0.635 0.63 0.55 

.443 .31 .3u 

.719 .60 .80 

0.425 0.33 0,18 

HPRR - bare 

HPRR - Lucite 

HPRR - steel 

332 - vault 

provides a simple, inexpensive way to reduce the 
spectral sensitivity of the personnel dosimeter 
without losing the albedo features of sensitivity ind 
ease of automation. The ECEP technique also 
provides the dosirnetrist with the potential for iden
tifying conditions of body orientation that might 

otherwise lead to significant error iii dosimeter 
evaluation. 

Acknowledgments. We wish 10 thank Dale 
Hankins for guidance on the use of albedo detectors 
and Leroy Davis for processing the samples. 
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Measurement of Tissue Density 
and Chest-Wall Transmission 
'Jsing Scattered X Rays 

Introduction. Detection and quantification of 
small quantities of plutonium in human lungs is 
very difficult. This is due primarily to: (1) the emit
ted alpha particles have short range, (2) the 
energetic gamma rays have very small yield, and (3) 
the L-x rays which account for the majority of the 
photon emission are attenuated severely as they 
pass through the chest wall. Although in many cases 
it is possible to associate plutonium concentration 
with companion species such as "'Am, this requires 
an accurate knowledge of the isotopic composition 
of the radioactive species in the lung. Direct quan
tification of plutonium in a lung is hampered by: (I) 
inadequate knowledge of the geometrical distribu
tion within the tissues. (2) the photon attenuation in 
the chest wall, and (3) the uncertainty of the detec
tor efficiency for a given source distribution. The 
work described below has been motivated by a 
desire to improve our knowledge of photon attenua
tion in the chest wall of each individual whose 
plutonium lung burden is to be measured. 

There are several methods by which photon at
tenuation may be inferred, including: (I) introduc
tion of a known amo'int of low-hazard radionuclide 
into the lung and counting it, (2) calibrating a detec
tion system using a phantom or cadaver which 
simulates the individual of interest, or (3) 
calculating the attenuation using assumed distribu
tions and attenuation coefficients. Our first effort 
was a calculation.t However, the results were found 
to be very sensitive to assumptions regarding tissue 
density, composition, and the distribution of the ac
tivity. 

Garnett' and others*"" have employed photon 
transmission and scatter techniques to infer tissue 
density non-invasively. In particular. Kaufman1 

used this technique to infer die density of lung 
tissue. We have constructed an x-ray scattering 
system (see Fig. 9) similar to that used by Kaufman. 
A description of our system and a review of the 
principle of operation are given below. 

Tissue Density Measurements. In order to 
measure tissue density at a point within the torso, 
our system is configured according to the diagram 
shown in Fig. 10. A single source and two detectors 
are used. The detectors are CdTe semiconductors 
with an active volume 8 mm in diameter and 2.5 mm 
thick. They operate at room temperature, and yield 
pulse-height spectra as shown in Fig. 11. The 
FWHM for ""Cd x rays (22 KeV) is 7 KeV. Two 
sources are available for use. One is a 170m ci l mCd 

source and the other a 5 ci '"Gd source. Both the 
source and detectors arc collimated as shown in Fig. 
12. Referring to Fig. 10, a density measurement 
consists of aligning the collimators so that two lines 
are defined which intersect at the point "0" where 
the density is to be measured. The source is placed 
first at "A" and the count rates in the two detectors 
are recorded. Then the source is moved to "B" and 
the count rates are recorded. A ratio of the 
measured count rates is used to infer the tissue den
sity at "0" as follows: 

Let 
C,A = count rate in detector 1 when the 

source is located at A, 

C ; A = count rate in detector 2 when the 
source is located at A. 

Let 
C ] B , C3u - similarly. 
Also let 

I v ' B = photon intensities emerging from 
collimators A and B, 

B = geometry factor for photons leaving 
point "0" toward a detector, 

f = fraction of photons incident on a unit 
volume which undergo Compton scat
tering, 

1 = detector efficiency, 

T = photon transmission factor. 
Then 

Fig. 9 . Chest null attenuation apparatus mounted <in portable 
table. 
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Detector 1 Detector 2 

0_ -Q 

Fig, 10, Schematic diagram or detector-source gtometry for 
tissue density measurements. 

where 
TM = photon transmission factor from "A" 

to "0", 

f iA = fraction of photons scattered (in unit 
valume) toward detector at " 1 " when 
source is at "A". 

Note that the ratio of count rates 

> C ; B = f „ L 

That is, in this ratio of count rates all of the 
geometry, source intens'ty, transmission, and detec
tor efficiency parameters -ancel out. In addition, 
since the photon scattering angle is unchanged when 
the source is moved from "A" to "B", the scatter 
fractions f u and f ! B are the same; i.e.. 

C I A C » = f l = l v m . , y J 
C C 

It is assumed that f is due to incoherent Compton 
scattering and is then directly proportiona) to the 
electron density at "0" which, in turn, is directly 
proportional to the tissue density, p.' Thus the 
tissue density is determined from the detector count 
rates: 

) = K\ 
c c 
C C 

c 2 A c 1 B 

IA JB ' 

where K is a constant determined by calibrating the 
system on a material of known density. Kaufman8 

describes the errors inherent in this procedure. 

Chest Wall Transmission Measurements. The 
system described above may also be used to 
measure photon transmission from an interior point 
"0" to the surface of the torso. For this purpose it 
consists of only one detector and one source, and is 
configured as shown in Fig. 13. In order to measure 
the photon transmission T ,„, it is necessary only to 
determine separately the ratio T l 0 T A 0 , and the 
product T I 0 T W . 

(a) 

Channel 

Channel 

Fig. 11. Pulse-height snecira obtained with 
showing (a) 22-keV peak, and i l l 88-keV peak. 

Cd source, 



65 mm 

— | l 2 n 

-65 mm-

Steel tubes 
i.d. = 1.73 mm 
o.d. = 2.41 mm 

Fig. 12. folliaiatordesignasedforbGlhsourceanddetectors. 

volume viewed by detector 2 is the same for both 
measurements. Then, the scattered intensity ob
served at "2'" is proportional to the illumination of 
the scatter volun™ which is proportional to the 
transmission between source and scatter volume; 
i.e., 

C, , (sourceat 1) T i o 
21 - D R i = T AO 

Solving the above equations for T l 0 gives 

T, 0 =VR7R7. 

Thus, the photon transmission from an interior 
point to the surface at point " 1 " is determined from 
a ratio of count rates without specifying detector ef
ficiencies, source intensity, tissue density, or 
geometry effects. 

A few words of caution are warranted here. First, 
' V is not a point but a volume defined by the inter
section of the field of view seen by detector 2, the 
collimated source beam, and the field of view seen 
by detector I. The size of the intersection volume is 
determined by the collimators, and is typically a few 
cubic centimeters. Second, detector 2 may serve as 
an illumination monitor as described above only if 
its axis is perpendicular to the transmitted photon 
beam. At other angles the photon scattering angle, 
and hence scattered photon energy, will be different 
when the source is at " I " as compared to "A". One 
must then be concerned with the Compton-scalter 
angular distribution, the attentuation as a function 
of energy for scattered photons travelling from "0" 
to "2", and the variation of detector efficiency with 
energy. The importance of these effects will be 
studied in the experiments currentlv underway in 
which density and transmission measurements will 
be made on a phantom. 

Conclusions. The system described above is just 
now being calibrated and characterized. Kaufman8 

The product T l 0 T m is simply the transmission 
factor from "A" to " 1 " , and is determined from the 
reduction in photon intensity at " 1 " due to a source 
at "A" when the torso is placed between these 
points; i.e., 

C, A (torso in place) 
T T ~ 11 — n 

io AO C (torsoremoved) - A i 

The ratio T l 0 T A Q is determined by measuring the 
count rates in detector 2 when the source is located 
at " 1 " and at "A", while insuring that the scattering 

Fig. 13, Schematic diagram of detector-source geometry for 
phctop transmission measurement. 
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has obtained reliable density measurements even 
when the point of interest was covered by up to 8 cm 
of Lucitc. Those measurements were made with a 
local x-ray dose to the tissue on the order of 15 mR. 
We intend to determine the accuracy of these 
methods and this system for measuring density and 
transmission as well as the local radiation dose to 
the tissue which is a consequence of the measure
ment. While these methods require simple equip
ment and simple sources, they are limited to 
measurements made with available y-ray or x-ray 
sources. The lowest photon energy available with 
the present system is the 22 keV Cd L-x-ray group. 
A method has not been developed to infer transmis
sion of Pu x rays from a transmission measurement 
made at 22 keV. 

Another concern is the necessary stability of the 
photon paths during a measurement, It remains to 
be seen how the normal torso motions of a living in
dividual would vary the attenuation over the 
photon trajectories, and whether this would inter
fere with a measurement in an important way. 
Finally, some work must be done to estimate the x-
ray dose penalty to the individual during such a 
measurement, and whether the potential benefit 
warrants such an exposure. 

Realistic Phantom Casting 

In previous reports 1 : ' I S we have discussed 
progress in fabrication of a tissue-equivalent torso 
phantom that is to be used for calibration of m-Wvo 
heavy-element lung counters, In this report, we 
describe the process of casting the first torso. 

As reported previously, the ri'.i cage used in the 
phantom was cleaned and filled with tissue-
equivalent wax to replace lost bone marrow. The rib 
cage was reassembled using nylon pins to fasten ver
tebrae and nylon line to hold the ribs a' the proper 
spacing. We have made tissue-equivalent cartilage 
segments to connect the rib ends to the sternum. 
The assembled rib cage was then placed on a 
fiberglass mold of the organ cavity (Fig. 14). We ad
ded 5.8% CaCO j to the polyurethane used for the 
cartilage pieces rather than the 4.3% used for lean 
tissue to simulate the relative ratio of linear attenua
tion for low-energy x rays. Although the elemental 
composition is essentially the same, cartilage is 
about 10% more dense than lean tissue. 

Tissue-equivalent stand-off plugs were attached 
to the organ cavity mold so that we could maintain 
the proper chest wall thickness (16 mm). The mold 
with rib cage attached was then aligned in the mold 
of the chest surface (Fig. '5). Finally, the rear torso 
mold half was latched in place and the entire 
assembly inverted. The tissue-equivalent plastic was 

Fig. 14-. RI6 cage wflh (issue-equivalent curtilage segments on 
fiberglass organ cmily mold. 

then evacuated to remove trapped air and poured 
into the mold. 

After curing for 24 hours, the torso (still contain
ing the organ cavity mold) was removed from the 
mold. We used an electric saw with a fine blade to 
cut open the chest plate and remove the mold. The 
finished torso is shown in Fig. 16. 

i 
te 

-r 
^ZZL-^tt— 

Fig 15 . Rib cage and organ cavity mold positioned in front 
half of torso mold. 



Of course, a major concern was that we not have 
significant voids in the torso after casting. After 
having the torso x rayed at energies from 75 to 300 
kV, we were unable to see significant voids (>} 
mm). A representative view is shown in Fig. 17. The 
chest plate is thin enough to be translucent, so we 
also were able to take an "optical x-ray" 
photograph using an incandescent back light (Fig. 
18). 

Work to lie Done. Three main, tasks remain before 
the first phantom is finished. First, we must com
plete casting the non-organ associated, tissue-
equivalent motival to fill the organ cavity. These 
sections will include depressions for mock lymph 
nodes. Then we must cast a set of tissue-equivalent 
chest plates which will be used to provide a range or" 
chest wall thicknesses (16 to 43 mm). Finally, we are 
now in the process of making sets of polyurethanc 
foam lungs and solid polyurethane lymph nodes 
loaded with : ! ,Pu, 2 , ,Pu and "'Am. One set of 
lungs loaded with "isPu has been cast, but it was not 
assayed accurately. 

Acknowledgments. Once again we want to thank 
Norm Biyer and Robett Taylor of the LLL Plastics 
Shop for their continued support. 

Fig. 16. (a) Molded torso, and |b) molded torso with foamed lungs in place. 
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Fig. 17. Torso x ray — 75 kvp. 

Fig. 18 , Optical transmijSkin photograph oflorw chest plate. 

Environmental Protection 

Pesticide Residue Analysis 
of Runoff Waters, 1977 

Introduction 

Rain water runoff at U.L continues to be 
monitored for pesticide residues as described 

earlier.16,1' We describe present methods and results 
for the first and second quarter 1977 samples, with 
increased attention given to methods and recovery 
efficienctes. Eight pesticides in recent use at the 
Laboratory were analyzed on a Finnigan 3000D 
GC/MS analyzer: benefin, bromaci), carbaryl, 
chlordane, dicofol, diuron, folpet, and simazine, 

The water samples were further analyzed for di-
quat dibromide and arsenic by UV spec
trophotometry and x-ray fluorescence, respectively. 

Methods 

Sampling. Water samples are collected quarterly 
after the first rain as the runoff leaves the LLL 
grounds at the northwest corner of the site. We 
collect 3-1 samples in glass bottles which have been 
washed and rinsed with an 85:15 hexane:ether mix
ture. Bottle caps are lined with Teflon inserts. Sam
ples are refrigerated, or preferably extracted im
mediately. 

Standards. We prepare standard solutions from 
pure pesticides obtained from the Environmental 
Protection Agency. These are dissolved in ap
propriate solvents of pesticide analytical quality. 
Our working standards are made in dilutions from 
approximately 10 to 300 ng/jil. These are stored in 
screw-cap vials with Teflon-lined caps which are in 
turn kept in a boult and refrigerated to minimize 
evaporation and decomposition. 

Extraction Procedure. Extraction follows the 
EPA m*thod " except for our omission of the 
Florisil column clean-up which has been observed 
to lead to loss of pesticides." This is possible 
because we are dealing with relatively clean water 
samples, and because interfering chromatographic 
peaks can to a large extent be screened out by selec
tive ion monitoring in the mass spectrometer. 

The extraction procedure follows: 

• The sample is filtered ihrou?h fe-extracted 
glass fiber paper to remove suspended 
solids. 

• Three consecutive 100-ml portions of 65:15 
hexanexlhei mixture are used to extract 
organics from the filtered 3-1 water sample. 

• The solvent extract is then evaporated to 3-
ml in a Kuderna-Dunish evaporator. 

• The 3-ml volume is further concentrated to 
1 ml in a warm water bath with a stream of 
i iy air. 

All glassware is washed in soap and water, rinsed 
with acetone, then prerinsed with hexane-ether mix
ture before use. All solvents are pesticide analytical 
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quality (Nanograde), and pure water blank analyses 
show no contamination. 

Internal Standards. The standards shown in Table 
2 were used to "spike" a separate 3-1 drain water 
sample to estimate recovery efficiencies. The exlrac-
lion procedure was identical with that used for the 
regular samples. 

Two standards, diuron and simazine, were poorly 
soluble in hexane and were instead dissolved in ben
zene and chloroform, respectively. It seems likely, 
therefore, that a considerable fraction of these two 
herbicides in the water samples was lost because of 
their low solubility in the hexane-ether extractant. 
This is supported by the results of the recovery ef
ficiency study which indicated only 8 and 9% 
recoveries of these compounds. Yet the unspiked 
water extract showed evidence of the presence of 
both compounds. 

The presence of relatively large quantities of 
diuron and simazine in the water is the most ob
vious but not the only interpretation of these 
results. For example, it is possible that the extract
ant was saturated or nearly saturated with simazine 
before the spike was added. Such behavior would 
lead to low apparent recovery efficiencies, while ac
tually most of the compound was extracted. It is not 
possible to decide among the possibilities on the 
ba:;s of OIT present data, but the next series of sam
ples should provide recovery efficiencies for several 
concentration levels. Until then we are taking the 
"conservative" position of calculating original con
centrations in water, based on the Ipw recovery ef
ficiencies as measured. 

Of the remaining five pesticides which were solu
ble in hexane, recoveries ranged from 0 to 92%. 

Table 2. Internal standards 

Concert liation 
Pesticide Solvent (ng/Mt) 

Bromocil Hexane 49.5 

Carbaiyl Hexane 62.2 

Chloidane Hexane 60.0 

Dicofol Hexane 54.8 

Diuron Benzene 39.4 

Fo'pet Hcxanc 59.0 

Simazine Chloroform 43.2 

Analysis and Results 

All samples were anilyzed on =i Finnigan 3000D 
GC/MS fitted with 1.5-m (5-ft) packed glass 
columns. The identification of column effluent was 
in most cases based on retention time, and on more 
than one fragment ion. Simazine was determined by 
using retention time on an OV-210 „*olumn, com
bined with monitoring the 201-amu fragment, then 
repeated for the 186-amu fragment. This was 
further confirmed by retention time data for the 
201-amu fragment from an OV-I column. 

Diuror. was determined by analysis on an OV-I 
column using mass ranges 189-199 amu and 161-163 
amu. These samples were also run on a SP2100 
column while monitoring the mass range 189-191 
amu. 

No other pesticides were found, although analysis 
on two columns was necessary to show than an in
terfering GC peak of fragment ion 144 amu was not 
carbaryl. 

The extracted aqueous fraction was concentrated 
by evaporation to 5 ml and used for estimation of 
diquat dibromide. The analytical method for diquat 
is based on ultraviolet absorbence at 308 nm, as 
described in Ref. 20. The detection limit in the drain 
water concentrate was 0.6 ^g/ml, or I ppb in the 
original sample, ?nd none was found. 

Table 3 summarizes our results for the first two 
quarters of 1977. 

A brief summary of the known fate and effects of 
diuron and sir.izine follows;i: 

Diuron. Fate: Strongly adsorbed on clay soils 
with negligible leaching. Microbial breakdown is a 
major decomposition pathway, though photo-
decomposition and/or volatilization from the soil 

Told 
Volume Sid. 
( ( j£) (Jig) % Recovery 

ttso 57.0 0 

1150 71.5 21 

1150 69.0 9: 

ItSO 63.0 69 

1150 45.3 8 

1150 67.9 0 

1150 49.7 9 
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Table 3 , — — 

Instrument Recovery Overall Pesticide cone, 
detection limit efficiency detection limit Simple in water sample 

Pesticide (njj) (S) <ng) {quari«*i (ppb) 

Bcmrui 3 - - 1st 

- - 2nd 

Bromacfl 4 0 - i;! 

2nd 

Caibaryl 2 21 10 1st <l 

2nd <3 

Oilordane 4 92 4 1st <2 

2nd <2 

Dicofol 20 69 2'. 1st <10 

2nd <10 

Diuron 1 3 12 1st V 

2nd S 

Folpet 24 0 - 1st 

2nd 

Simazine 2 9 22 1st 31 

2nd 63 

surface are reported also to contribute under hot 
dry conditions. Persistence in soils is four to six 
months. 

Effects: Low toxicity to wildlife and fish. Low 
acute toxicity has been measured with rats. LD „ = 
3400 mg/kg (oral). 

Simazine. Fate: Readily adsorbed on clay soils, 
and not easily leached because of low solubility in 
water. Microbial breakdown is again a major route 
for removal from environment. Photodecomposi-
tion and volatilization are not important pathways. 
Persists in soil up to one year. 

Effects: Toxicity to wildlife and fish has been 
measured and found to be low. Acute toxicity to 
rats and mice. LD s a 5000 mg/kg (oral). 

The levels of simazine are still below the "no ad
verse effect" levels recommended for drinking water 
by the National Academy of Sciences,32 

We are pursuing further study of pesticide 
recovery with a view to determining the fate of the 
internal standards which were poorly recovered and 
to formulating a more effective extraction solvent, 

Industrial Hygiene 

Workplace Monitoring for Mutagens 
with the Ames System 

Introduction, increasing use of mutagens and car
cinogens at LLL has created a need for a broad 
spectrum analytical technique for detecting these 
materials in the workplace. While instrumental 
techniques are being developed for each of the con
trolled chemicals, the rapidly growing list of these 
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compounds demands that a general method be 
available for: 

6 Materials for which an instrumental tech-
• flique has not yet been developed. 
e Detecting unsuspected spills where the 

compound is not known. 
ft Detecting presence of unknown mutagenic 

reaction products and metabolites which 
would not normally be identified by in
strumental methods. 

Several systems exist for the detection of 
mutagenic activity.2''"5 One of the best charac
terized and widely used is the Ames salmonella 
sysiem.!6,:' This employs specially designed mu
tants of salmonella typhimurium which have lost 
the ability to synthesize the histidine required for 
growth. In a nutrient medium deficient in histidine, 
then, only back-mutated salmonella can grow. In 
the absence of other effects, the number of 
salmonella colonies in such a culture varies 
regularly with mutagenicity of their environment. 

The feasibility of using the Ames system as a 
quantitative measure for detecting laboratory con
tamination with carcinogens has been evaluated for 
seven compounds. 

Experimental Considerations. The objective of 
these studies was to determine the limits of detec
tion of representative mutagenic compounds under 
field conditions. This was done by preparing con
trolled spills of a series of concentrations of each 
compound and sampling with Whatman 50 smear 
tabs. These were each extracted with dimethyl sul
foxide (DMSO, spectrophotometric grade) and aii-
quots were then applied to the Ames test plates. 

A number of factors other than the quantity of 
carcinogen spilled were considered likely to affect 
the analysis results. These might be grouped into (1) 
environmental, and (2) other variables, 

environmental factors include: 
51 Dependence on the particular surface 

which is contaminated due to chemical 
degradation of the carcinogen on the sur
face by hydrolysis, oxidation or reduction. 

0 Loss by evaporation. 
• Absorption into the surface. 
• Variations in contamination of the surface 

by "normal'1 mutagenic background 
(cigarette smoke, surface treatment, etc.). 

» Toxic compounds which would distort the 
results by killing bacteria (leading to false 
negatives), 

si Contamination by other microorganisms 
which might grow and obscure the 
salmonella revertant colonies. 

9 Inadvertent introduction of nutrient con
tamination, especially histidine in sufficient 
quantity, which would lead to growth of 
nonrevertents (giving false positives). 

Other factors, independent of carcinogen in the 
spill, which would affect the analysis are losses of 
samples due 10 the inefficiencies in the collection 
technique (such as inability of the swipe to absorb 
the entire sample). Finally, losses of carcinogen in 
the transfer processes from swipe to agar plate (esp. 
inefficiencies in the extraction of compounds from 
the swipe in'.o solution) need to be taken into ac
count. 

The experiments were designed as far as possible 
with these factors implicitly accounted for. The sen
sitivities reported here should thus reflect the detec
tion limits as they would apply to the field monitor
ing situation. 

Experimental Outline. The full study calls for the 
preparation of standard spills, 100 M! each of 3, 1, 
0.3,0.1 and 0.01% solutions of each compound of in
terest. These are prepared in triplicate on stainless 
steel, floor tile, and formica with surface treatments 
as similar as possible to those encountered in the 
field. 

The spill is left in contact with the surface for a 
minimum of 10 minutes to simulate the response 
time of the samp!ing and clean-up personnel, after 
which the spill area is swiped with a Whatman 50 
paper tab. The swipe is folded and/or rolled to fit 
into a 1-dram vial with a Teflon-lined cap, and 1.0 
ml of spectrometric grade methylsulfoxide (DMSO) 
is added. This simple extraction continues until ali-
quots are withdrawn for the Ames assay, typically 
one to two days. 

The Ames assay is run on six aliquots from each 
vial. Dose/response is evaluaied for each vial by ap
plying 50-, 100-, and 150-jd aliquots from a single 
swipe to separate plates. In addition, each of these is 
run with and without S-9 (rat liver microsome) ac
tivation. This is added to the culture to more closely 
approximate the mammalian response by supplying 
many of the enzymes which convert precarcinogens 
to the ultimate carcinogens in mammals. 

"Blank" spill background samples are prepared 
exactly as are the spiked samples, using the iame 
surfaces, solvents, etc. 

Experimental Procedure. The experimental out
line was followed Tor the first four compounds, 
benzoEa]pyrene (BAP), 2-naphlbylamine (BNA), 
ethyl methanesulfonate (EMS), and 2-
acetylaminofluorene (AAF); but on only one sur
face — stainless steel plates which had been left ex
posed to airborne dust for ten days at B-592 (cow 
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barn). The entire experiment was then carried out 
on the "hot" side of the gloved box in the car
cinogen handling facility, B-412. 

Carcinogens from the inventory were weighed on 
the single-pan analytical balance in the gloved box, 
and dilutions as well as the "spills" were made with 
an Eppendorf pipet. Yellow PyJox gloves were used 
over the regular 30-mil box gloves, and were 
changed periodically to reduce cross-
contamination. While this appeared, at the time, to 
be a hopeless task (especially for the solids which 
were highly charged and tended to fly out of the 
container), the results indicate no measurable con
tribution to background from this source. 

Considerable difficulty was experienced in 
manipulating the swipes with the heavy gloves, poor 
visibility, etc. Cross contamination was minimized 
by working from the lowest concentrations upward 
for each compound. 

The Ames assay was to be run immediately upon 
completion of the sample preparation to maximize 
the probability of finding the compounds before 
they underwent further degradation. A power 
failure caused a delay of a full day, and may account 
for the complete absence of response to the EMS 
which hydrolyzes rapidly. 

A further group of experiments was conducted to 
explore additional compounds, to assess *he impor
tance of surface type, 10 determine whether a variety 
of sampling locations would give interfering 
backgrounds, and to evaluate the reproducibility of 
results from one time to another. This second set of 
studies included 2-aminoanthracene (2-AA), ben
zidine (BZD), N-methyl- N ' -n i t ro -N-
nitrosoguanidine (MNNG), and a repetition of the 
2-naphthyiamine (BNA) series on stainless steel. 
With the exception of the MNNG, these com
pounds were assayed only with metabolic activation 
(S-9). Doses to the plate for each swipe were 50 and 
150 A each in triplicate. 

Results. The results of the first four tests are 
shown in , :igs. 19 to 22, Plates not activated with S-
•i gave background responses. With the exception of 
EMS, the samples show positive dose/response 
curves with background intercepts in the 0.01 to 
0,1% region. This represents 10 to 100 y% of 
material in the entire spill. The absolute response is 
in reasonable agreement with the response elicited 
by the pure materials; i.e., the 50-fil dose of the 
0.01% AAF spill produced 25 revertant 
colonies/plate above mean background, compared 
to an expected 16 colonies. Recoveries are appar
ently quite good. 

Nonlinearity is evident generally as a lowered 
response rate at increased concentrations of 

chemical agent. This consistent pattern probably in
dicates a real effect due to toxicity. Several data 
points are absent. In the case of BAP, uniform solu
tions could not be obtained for the two highest con
centrations, and in the case of BNA, the cultures 
malfunctioned on several plates, giving zero 
responses. 

Sensitivity can be somewhat enhanced by ex
tracting with a smaller quantity of DMSO. This 
must be weighed against the correspondingly fewer 
replicates which are available for good statistics. In 
a real case, using only activated plates, i ml of 
DMSO will provide six or more data points; i.e.,. 
three 150-̂ 1 exposures and three 50-fil, exposures. 

Results for the second group of experiments are 
shown in Figs, 23 to 26. The BNA series was rerun 
to test the reproducibility of the entire procedure 
and to provide data points at high concentrations. 
The agreement between the two sets of points at 
0.1% and 0.3% indicates good reproducibility in 
swiping, extraction, and test culture handling over a 
time interval of ten weeks. 

The effect of surface on spill recovery was studied 
with 2-AA in acetone on waxed floor tiles. Both dry 
swipes and swipes wet with ethanol, Fig. 23, were 
taken, with the wet swipes showing somewhat better 
recovery. It is evident, both from the data and from 
a visual inspection, that much of the spill was ab
sorbed by the vinyl-asbestos composition and encap
sulated in the wax. Because of the difficulty of 
clean-up and of sampling such a surface, it is 
strongly recommended that absorbent or reactive 
surfaces in carcinogen handling areas be covered 
with polyethylene or Mylar film. 

Unwaxed floor tiles exposed to spills of benzidine 
in acetone behaved in much the same way (Fig. 24), 
with only the highest concentration showing 
measurable response. The MNNG solutions were 
spilled on polyethylene which permitted easy sampl
ing and good recovery. Toxicity effects are evident 
at spill concentrations above 0.1%, illustrating the 
importance of establishing a dose/response curve 
for each sample. 

Throughout the developuent of these techniques 
it was widely fell that they would suffer from a 
variety of positive backgrounds in actual field use. 
A series of five swipes and five air samples were 
taken in animal houses, laboratories, offices, and 
outdoors. None gave responses significantly above 
background except the particulates in an air sample 
taken in the office of a heavy smoker. The results 
are shown in Figs. 27 and 28. Surface swipes in this 
area did not produce a higher than background 
response. These findings indicate that carcinogen 
work areas should be non-smoking areas, not only 
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because of the possible interference with hazard 
monitoring, but also to avoid mutagenic con
tamination in biological experiments. At present, no 
oiher sources of interference have been found. 

Approximate detection limits (2 X background) 
are given below: 

N-acetj laminofluorene 
2-aminoanthracene 
Benzidine 
Uenzo[a]pyrene 
Ethyl methanesulfonate 

N-methyl-N'-nitro-N-nitrosoguanidine 
2-naphthylamine 
0.02% X 100fil = 20f/g 
<0.0!%X 100ul = <10/jg 
3.0% X 100j*l = 3 mg 
0,02% X !0Q;t! = 20Mg 
Not Detected ND" 
<0.01%X 100 ul = 10 ng 
0.03% X 100 jul = 30 fig 

* This result is attributed to the combined effects of sjmple 
hydrolysis and the relatively low sensitivity of the strains to 
fcMS.!! 
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Conclusion. At this point in our study, it appears 
that the Ames system furnishes a practical quan
titative or semi-quantative test for workplace con
tamination by most mutagens/careinogens at the 
lens of micrograms level. Investigations are con
tinuing to improve the sensitivity and scope of the 
method. 
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Fire Safety 

Variations in the Burning Characteristics 
of Lotv-Porosily Cribs* 

Introduction. All laboratory spaces in which 
nuclear materials are stored or handled must have 
stringent ventilation requirements to prevent the 
release of radioactivity to surrounding facilities or 
the environment. The accepted method for effecting 
this requirement is to maintain the laboratory at a 
lower atmospheric pressure than surrounding en
closures, and pass the exhaust air through a series of 
High Efficiency Particulate Air (HEPA) filters to 
remove any contaminated aerosols. 

This procedure has provtd very successful during 
normal operations; however, in the event that a fire 
should occur in the protected enclosure, the system 
may be compromised in several ways, e.g.: 

6 The fire spread rate may be such that the 
production of combustion gwes exceeds the 
exhaust capacity of the ventilation system, 

o The combustion aerosols may rapidly clog 
the liter, in effect stopping exhaust of air 
from the enclosure. 

0 The temperature of th< combustion gases 
can cause filters to fail. 

C The pressure difference across clogged 
filters may cause the filter to rupture. 

An experimental program to test the endurance 
of HEPA filters to the products from fires on 
various fuels is in progress at the Fire Test Center, 
of Hazards Control Department. The current 
strategy is to employ cribs formed of material used 
as interior furnishings and appliances in 
laboratories. The cribs have very low porosityt to 
favor the production of smoke during a major por
tion of the test duration. The low porosity and in
combustibility of some of the tested materials re
quires the ignition source (a natural gas burner) to 
remain ignited during the entire test. 

Measurements of the crib burning rate, plume 
temperature, oxygen depletion, and CO production 
indicate that the combustion parameters of closely 
spaced cribs are very sensitive to crib element spac
ing and composition, and to bulk ventilation condi
tions. 

The fire test cell, equipment inventory, and ex
perimental design have been described before,2' 

•Coiuinuation of Prajec; 6305-93 on Plugging of HEPA Fillers 

by smoke from laboratory fires. 

tThe porosity is a measure of the cross sectional area of the top 
elements of the crib, which has been shown lo be a scalable facior 
in the burning characteristic of cribs. 

This report concentrates on the burning variations 
in the fuel array resulting from variations in ventila
tion rate, fuel element spacing, and fuel element 
composition. 

Figure 29 is a composite photograph of the three 
different fuel arrays i;sed for the experiments em
ployed during these tests. The top plate shows a 
closely packed crib where the element spacing is the 
same as the cross-sectional area of the elements 

Fig. 29 . Crib arrangements for firL tests. 
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[approx 42,7 mm (1,7 in.) on a side]. The porosity of 
(his crib is approximately 0.01. 

The middle plate shows wood elements in a cage 
used to support synthetic polymers. Wood was 
burned the same we; for comparative purposes. 
Based on the porosity scaling, the porosity for this 
crib was approximately 0.1, an order of magnitude 
greater than the first array, but still well within the 
realm of tight packing. The bottom plate illustrates 
an array of fire-retarded plastic elements (PMMA-
FR), in the cage. Because of the expense of this 
material, the fuel element length is about two thirds 
that of the wood elements, but of the same cross-
sectional area. Note that the screening was required 
for each layer to maintain the integrity of the 
spacing. For 'hese burns, the ignition source was 
correspondingly scaled down. 

Figure 30 shows the effect of air supply and crib 
spacing on the temperature of the combustion gas 
plume directly above fir wood cribs. The plume 
temperature above PB-7, a tightly packed crib, at
tains a high temperature range, and remains in this 
range for the duration of the test. Filter plugging 
did not occur, and the test cell remained relatively 
clear of smoke. The ventilation rate during this test 
was 500 l/s. The fuel configuration and porosity of 
PB-8 was identical to PB-7, but the ventilation rate 
was only 250 l/s. in this test, the plume temperature 
reaches a peak value and then falls to an inter
mediate level where it remains until the exposure is 
terminated. Essentially what happens is that the 
combustion gases and smoke are not removed from 
the test cell at a high enough rale, so some of these 
products are recirculated through the combustion 
zone. This process curtails combustion, but since 
the crib elements are at high temperatures, because 
of the reenforcemeni heat transfer between elements 
and the additional heat input from the premixed 
ignition source, production of partially oxidized 
pyrolysis gases from the fuel is continued, thus ac
counting Tor the intermediate plume temperature. 
Filte. plugging occurs shortly after the intermediate 
temperature region is reached where the partially 
oxidized pyrolysis products are most efficiently for
med. B-l is a curve from an open crib contained in a 
supporting cage burned at a ventilation rate of 250 
l/s. The temporal pattern of the combustion plume 
temperatures are similar to PB-8's except that the 
events occur faster. The greater porosity of this fuel 
arrangement is responsible for this behavior, and it 
is assumed that the explanations for the behavior 
are similar. 

Figure 31 shows the effect of fue! element com
position on the temporal plume temperature pat
tern. The curve for test B-1 is included for reference 

0 0.2 0,4 0,6 0.8 1.0 1.2 1.4 

Kiloseconds 

B-1 => open crib, 250 2/s 
PB-8 => closed crib, 250 C/s 
PB-7 =* closed crib, 500 fi/s 

Fig. 3 0 . Effect of air supply and crib spacing un plume tem
perature. 

purposes, and the fuel configuration and crib 
porosity for these data were all similar to B-l, The 
curve, B-3, is the temperature plume pattern from a 
fuel array of fire-retarded PMMA. The long time 
delay was the result of the fire retardant treatment 
of the PMMA. For this polymer, filter plugging 
does not occur until the maximum temperature is 
recorded. B-l 1 shows the plume temperature record 
from a polycarbonate crib. This m'"-rial is 
naturally Fire-resistant, but it will sustain combus
tion if the ambient temperature or thermal radiant 
flux is relatively high. The plume pattern reflecls 
this behavior. At the indicated flow rate, the com
bustion products from polycarbonate had no per
ceptible HEPA filter plugging potential. 

Figure 32 is the data portrait of test B-l. All of 
the plotted parameters are dependent on the am
bient air flow rate and the fuel element configura
tion, porosity and composition. The efficiency of 
the combustion process defines the heat release rate 
during the reaction, and the consequeni plume 
dynamic phenomenon. In this figure it is apparent 
that the most efficient combustion occurs in the 
period up to the time when the plume temperature 
slansrto decline from the peak value. The burning 
rate(M) attains its constant rate during the period of 
maximum burning, as does the reduction in oxygen 
concentration [O], The carbon monoxide concen
tration [CO] begins to increase as the plume tem
perature starts its decline, and after the major tem
perature decline, the production of partially ox
idized pyrolizaies is high enough to cause maximum 
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filter plugging, as indicated by the sudden decrease 
in air flow across the HEPA filters. 

Fire portraits similar to Fig. 32 have been re
corded for all materials tested thus far in this 
program. 

Table 4 lists critical information derived from 
data taken du/ing this experimental series. The data 
include the burning rate (M), the oxygen depletion 
[O], the carbon monoxide and carbon dioxide ac
cumulation [CO], [CO]], and the volumetric air flow 
rate (l/s) at the time of peak temperature and at a 
rate prior to significant air flow reduction resulting 
from filter plugging. 

Also included in this table are calculations or the 
heat release rates based on the fuel consumption* 
and the heat release rates based on measured ox
ygen consumption, where the average value of 16.8 

*Wc adopted the NBS value of 15.2 M joule/kg as the average 
net heat of combustion for woods and '8.0 M joule/kg Tor Icxan 
(an unsaturated pollster) and 17.1 M joule/kg for PMMA. 
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* Temperature at test cell ceiling directly over fuel array (°CI 

rig. 32 . Critical combustion parameters test B-1 openirood crib I Initial aiiflo* - 250 l/s). 

1.0 
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1 u n f UEII i |UIIJU| | | |^LIUIII 

/HRR\ 

\ M / 
/KRR\ 

\ o2) 
lils 

x io*) 

Volumetric Volumetric Volumetric 

/HRR\ 

\ M / 
/KRR\ 

\ o2) 
lils 

x io*) Run Material Con fig. 

Time 

(s) 

M fuel 

(kg/s) 

air flow 

Ws) 
°2 

(B/s) 

CO 

(8/S) 
(1/s 

X 10*) 

/KRR\ 

\ o2) 
lils 

x io*) 

HRR <02) 

HRR(M) 

PB-7 Firwood Tight ^360 0.078 477 41.0 - 1.16 0.67 0.58 

t , 
^800 0.132 471 71.6 - 1.99 1.17 0.59 

PB-8 Fiiwood Tight ^240 0.06 235 9.9 1.2 0.91 0.15 0.16 

t, 
^600 0.093 227 31.6 6,4 1.40 0.4S 0.35 

PB8-2 Firwood Tight *P320 0.063 243 16.5 1.2 0.95 0.26 0.27 

t 2 o.to 229 33.7 5.9 U l 0.52 0.34 

B-l Fiiwocjd Loose •"wo 0.10 249 14.4 - LSI 0.24 0.16 

*320 0,13 241 36.6 6.3 1.89 0.56 0.30 

B-2 Firwood Locse •PI60 0.09 252 14.!) - 1.36 0.24 0.18 

t 2 
z 320 0.12 237 37.7 6.9 1.81 0.58 0.32 

&6 Firwood Loose tries 0.085 236 21.95 - 1.28 0.30 0.23 

t , 
'320 0.10 229 35.04 - 1.51 0.52 0.34 

B-7 Firwoud Loose ^150 0.0S 255 24.74 - 1.21 0.35 0.29 

t 2 
Z 320 0.11 255 41.82 - 1.66 0,63 0.38 

B-8 Firwood Lo'-je fno 0.077 248 15.62 - 1.16 0.26 0.22 

t 2 
: 320 0.105 236 38.00 - 1.58 0.59 0.37 

B-3 Fire 
Retarded 
PMMA Loose ' 5 2 0 0.028 50 49.24 0.6 0.42 0.014 0.O3 

J 250 0.022 250 46.81 0.4 0.33 0.038 0.12 
B-4 Fire 

Retarded 
PMMA Lome *660 0.087 474 23.20 - 1.31 0.38 0.29 

•'IOOO an 320 22.08 - 1.66 0.36 0.22 

B-ll Poly 
Carbonate Loose ^550 0,015 232 I'.W 0.23 0.23 0.18 0.76 

J 2000 0.037 185 21.38 0.6 0.56 0.35 0,63 

M joule/m ! is the heat produced per volume of ox
ygen consumed for all hydrocarbon polymers. In 
tests where significant CO is formed, we have 
modified the oxygen-based heat release rate by 
calculating how much oxygen would be consumed 

in forming that concentration of CO and then 
modifying the empirically derived oxygen heal 
release rate by the ratio of the heat of formation of 
CO and CO., then adding the modified value to the 
residual oxygen heat release rate. 
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Table 4 shows HRR(M)*and HRR (O^as well as 
the ratio of HRR (02) HRR(IVI)for two critical times 
during the exposure, the first being the time of peak 
burning and the second being the time just prior to 
significant reduction in the air flow due to filter 
plugging. For all fuels, it was obvious that the 
potential for heat release rate as indicated by the 
measured weight loss of fuel (M) is at least two 
times the potential for heat release as indicated by 
measured oxygen consumption. 

Table 5 shows the same data condensed to in
clude only the information at the time prior to air 
flow reduction. Here again we compare the poten
tial HRR by both techniques and by difference in
dicate the excess potential HRR by the weight loss 
rate of fuel. If our [0,] data are valid and we can 
assume that all [0,] is involved in direct combustion 
processes, then it is apparent that we are forcing a 
major proportion of our solid fuel into unfruitful 
pyrolysis. Consequently, these unusual fractions 
have a large potential for creating two problems 
downstream in the ductwork. The first is the poten
tial for creating aerosols that are efficient filter 
pluggers, and the second is the potential for creating 
combustible mixtures downstream of the combus
tion room. 

We should ask ourselves if this condition we have 
contrived is too pessimistic, i.e., are forced fires in 
•HRR (tt) is Ih: heat release rale based on (he measured rate of 
fuel consumption. 

t HRR (0;) is the heat rekjse rale based on the measured rale or 
oxygen depletion. 

anoxic conditions not too far fetched? Statistical 
evidence of fires in laboratory spaces is not con
clusive since the events were discovered before 
significant fire spread, or after the building had 
been essentially destroyed. However, if we can 
develop filter protection countermeasures that can 
successfully increase filter lifetime from the smoke 
loads we produce, they should be more than ade
quate for typical laboratory fire scenarios. 

Heal-Sensitire Coatings as Early 
Warning Detectors 

Introduction 

Experiments with Alkyd Resin No. 53 ther
mosetting paint at the Goodyear Atomic Corpora
tion and Argonne National Laboratory showed that 
this paint acgrades between I20-150°C and emits 
enough degradation products to activate products 
of combustion detectors (POC detectors). These 
findings suggested that such resins might be applied 
to containers of fissile material to give an early 
warning of overheating. 

The purpose of our study was: 

• To determine if the POC detectors would 
react to the particulate-emitting paint. 

• To determine the time span between :n-
iliating the heat source and activating I he 
detectors. 

Table 5. Heat-release rats as calculated by measured fuel 

j v n j u m i vvii>na,Mf 

HRR HRR 
Excess 

potential 
Configuration Air Oo;v (St) Ity HRR via it 

Test Material 0" Crib 0/8) fMJ/s) (MJ/s) (MJ/s) 

PB7 Fiiwood TIPM 471 1.99 1.17 0.7 

PB-8 Fiiwood Tight 227 1.4 0.48 1.9 
PB 8.2 Fiiwood Tight 229 1.5 0.52 1.9 
B-1 Hmood Loose 241 1.89 0.56 2.4 

B-2 Fiiwood Loose 237 1.81 0.5 8 2.1 

M Fiiwood Loose 229 1.51 0.52 1.9 
B-7 Fiiwood Loose 255 1.(6 0.63 1.6 
B-B Fiiwood Loose 236 I.S6 0.59 1.7 

B-3 PMMA-FR Loose 250 0.33 0.04 7.3 

ZM PMMA-FR Loose 320 1.66 0.36 3.6 
B-li Polycarbonate Loose 185 0.56 0.35 0.9 
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• To determine the approximate -ange of 
container temperature at which the detector 
was activated. 

• To determine the effects of ventilation and 
the distance of detectors from the container 
on the detector response time. 

The investigation was carried out in two phases. 
Experiments in Phase I were performed in a 
laboratory hood, and were designed lo establish the 
conditions necessary to activate a POC detector. In 
Phase II, experiments were carried out in the full-
scale fire test eel! which approximated the environ
mental conditions found within a radioactive 
material storage vault. 

Preliminary Tests Phase I) 

Experimental Z)«j£/i.Aluminum bands fitted to 
two kitchen-type aluminum 6-qt pressure cookers 
(pots) were painted with the undiluted paint and 
cured overnight at 100°C ± 2°. A 600-W, 120-Vac 
hot plate heating element was attached to th.3 inside 
of the lid of each pot, The power leads to the 
hea'.ing elements were brought out through a hole in 
the lid and competed to a Variac. The temperature 
on the inside and outside of the pot was monitored 
by chromel-alumel thermocouples which were held 
in place by two aluminum bands. The thermocou
ples wtre connected to a recorder with a reference 
junction in air during the entire run. Figure 33 
shows the experimental pressure cooker with the 
heating element and aluminum bands. This series of 
experiments investigated the minimum thickness of 
the paint coating necessary to activate the POC 
detector and the response time of the detector as a 

# 

- u 6 in. • 

\ 

• Detector 

3014 in. / 
/ 

/ 
/ 

/ 

_ja 
Cone of alarm 

—Pot 

Fig. 3 3 . Pressure cooker coated with 6-mil-Ibici alkyd resin 
»ilh a Jiol plmc healing clement. 

Fig. 3 4 . Optimal detector and pot configuration. 

function of: (1) rate of heating, (2) detector setting, 
(3) the temperature of the outside wall of the pot, (4) 
distance of the detector to the pot. and (5) ventila
tion. 

Results. The results are summarized in Table 6. 
We found that an easily interchangeable 2-in. wide 
aluminum strip coated with a 6 .iiil-thick resin sur
face and attached to the pot will activate the POC 
detector at all settings when it is placed directly 
above the pot and the pot is placed in a Mn-
ventilated hood. The shortest time interval to ac
tivation at all settings is at the highest rale of 
heating or when 112.5 V are applied to the heater. 
At this voltage and with the detector at its most sen
sitive setting, it activates at about 10 min after the 
voltage is applied to the heater at which time the 
temperature of the outer wall of ihe pot is 116°C. 
The detector goes oft 25 min after the start of the 
run at its least sensitive setting with the tempeiature 
of the outer wall of the pot registering 160°C. Table 
6 further shows that in a quiescent hood, tht detec
tor will respond to the degradation pioducts as long 
as it is placed within a cone of 36 in. and as high as 
30 1/2 in. above the pot, which was the limiting 
height in our experimental hood. The optimal detec
tor and pot configuration is shown In Fig. 34. To ac
tivate the detector outside the 36-in. cone, an air 
flow of at least 100 cfm had to be introduced into 
the environment, 'i he preliminary results suggest 
that this detector is directional and product-
concentration dependent. 
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Table 6. Activation of ionization imoko detector by degradation 
product* of retin. _ _ _ — . ^ _ ^ _ — ~ — 

Detector's 
porirtin 

Voltage Temperature Ptinl (y»verticil Air 
applied (°C) „ thlcknrn height) How Time to Color 

Detector acltirjJ to liwle Oiitslae mclhod of ( i ! horizontal in the activation of 
Calibration Voltage heater tot Pot application dijp!icemtnt> hood (min> Paint 

7 10 87.5 171 160 undated 19 in. static 23.79 It. brown 
8 IS 171 HO < mil directly 26.88 darkens 
9 !0 171 160 wall of above 29.19 progressively 

10 IS 87.5 194 171 pot pot 47.65 

7 10 87.5 171 149 nndlnted 19 in. static 28.20 )I. brown 
8 15 171 149 6 mil on directly 26.95 
9 20 194 160 two 2 in. -above 37.25 dk. biown 

Al irrrpa pot 

7 10 87.S 171 13S undiluted 19 in. itatic 24.30 IL brown 
8 IS 171 138 6 mil on diced? 25.30 
9 JO 199 166 one 2 In. above 37,43 dk. brown 

10 25 199 166 Al snip pot 38,35 

7 10 112-5 138 116 undiluted 19 in. static 9.92 It brown 
6 15 17) 138 6 mil on directly 12,38 
9 20 194 160 one 2 in, above 23.91 dk. brown 

10 25 199 160 Al strip pot ' ' 5 2 

7 ID " 2 5 194 160 dilute) win 19 in. static 1448 
8 15 194 160 toluene 2 directly 15.17 
9 20 216 171 application! above 18.25 

10 25' 216 171 6 mil on one pol 19.12 
Al strip 

7 10 112 J 216 171 diluted with y = 19 in 150 elm No response dk, brown 
toluene two * = 39 in, terminated .it 
spoliation 42 mitt 
6 mil on one 
Al stop 

7 10 112J 249 194 undiluted 
and) on 
one Al strip 

y = 19 in. 
» = 39 in. 

static No response 
terminated 
at 42 min 

dk. brown 

7 10 I12J 249 194 undiluted 
6 mil on 
one Al strip 

y = 19 in. 
x = 39 in. 
fan between 
Poland 
detector 

100 elm 40 rain dk, brown 

7 10 112 J 249 194 undiluted 
6 mil on 
one Al strip 

y = 19 in, 
a » 39 in. 
fan between 
Poland 
detector 

It d m No response 
renniruEfd 
at 42 mln 

dk. brown 

7 10 112 J 194 160 undiluted y = 19 In static 15.05 It brown 
8 15 194 160 6mi lon i - 18 in. 16,18 It brown 
9 20 216 111 one 2 in. 19.22 dk. brown 

10 25 216 171 Al strip 20,10 dk. brown 

7 10 1I2.S 216 194 undiluted 30Krn. Itatic 18.91 brown 
8 15 216 194 6 mil on direcdy 19.97 dk. brown 
9 20 216 194 one 2 in. above pot 20.64 

10 23 216 194 Al strip 21.00 

; 10 1115 216 194 undiluted y = 19 in, sialic No response brown 
6 13 6 mDon x = 39in. 
9 20 one 2 in. 

ID 25 Al strip 
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Phase II Tests 

In the second part of this study, two pressure 
cookers were used simultaneously, to increase the 
concentration of pyrolysis products during the test 
and thereby counteract the dilution effect that 
otherwise could be produced by the large cell 
volume. They were painted with the alkyd resin, 
dried fi.iL in air and then overnight in an oven at 
100°C ± 2 ° . They were then placed in the center of 
the test cell side by side. One smoke detector was 
placed within the 72° cone and 22 1/2 in. above the 
pots as shown in Fig. 35. Two other detectors were 
mounted on a platform 15 ft above the pots, as 
shown in Fig. 36. The horizontal distance between 
the two detectors and the pots was 3-1/4 and 6-1/4 
ft. All detectors were set at 20 V which is the average 
setting used at the lab. The thermocouple and detec
tor leads were connected to the computer. All air 
vents were closed in the cell, and the pot heaters 
were activated. 

During the course of the experiment, a heater in 
one of the pots burned out after 8.3 minutes and the 
other followed the same course after 25 minutes. 
However, the outer skin temperature of one pot 
reached I00°C and the other 215°C. None of the 
detectors activated during the run, although the sur
face temperature of one of the pots did not fall 
below ]27°C during the course of 40 min. 

Another run was then made working with 100 ml 
of heptane placed in a 7-in.-diam X l/2-in.-high 
pan to confirm the effectiveness of the detector 
array. The pan was placed in the same position as 
the pots. The same quiescent environment was 
maintained for the run as for the painted pots. 

Fig. 35 . Pressure cookers conlcd with the alkyii resin and 
POC detector placed within a 36-in. cone and 22-1/2 in. above 
the pots. 

Approximately 72 seconds after the start of the 
fire, we observed that the detector on the ceiling 
nearer the pan activated, followed by the second 
detecior on the ceiling at 215 seconds. The detector 
placed 22-1/2 in. above the pot did not activate un
til the door was opened, thus forcing the products of 
decomposition to move toward the detector. Again, 
this indicated that the detectors are directional and 
ventilation- and concentration-dependent. The cone 
seems to be limited to 36 in. The ceiling detectors 
were activated by the degradation products of hep
tane after the necessary quantity of the products 
migrated upward and began to form a layer at the 
top of the ceiling which then drifted downward. 

In the next experiment the 2 pots were used again, 
ana the ceiling detectors were now placed in an air 
stream approximating six air changes. The detector 
directly above the pots activated after 24.7 minutes 
when the outer skin temperature was 200*0 and 
2I0°C, respectively. The ceiling detectors did not 
activate at all, even though the run continued for 50 
minutes and the outer skin temperature reached 
240°C. The mass loss during the whole experiment 
was a total of 2.0 g which amounts to about 1.0 ppm 
of the degradation products. This seems to be too 
low in product concentration to activate the detec
tors at the ceiling. 

Conclusions and Recommendations. Although the 
alkyd resin coating decomposes at a relatively low 
temperature, around 116°C, the concentration of 
the degradation products is too low to activate the 
POC detectors when they are placed near a 15 I/2-ft 
ceiling. 

Fig. 36. POC detectors mounted on a platform IS ft abo*c the 
pressure cookers end 3 and 41 in. outside the cone. 
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If the present POC detectors are to be activated 
by the degradation products, they will have to be 
placed in the near proximity of the pots within a 72° 
cone. 

We feel that the use of a low-temperature 
degradable resin or paint as a means to detect small 
fires has a good potential, although investigation of 
the types and kinds of products that are evolved is 
needed before such an approach can become prac

tical. Both quantitative and qualitative analysis of 
the degradation products will determine if a specific 
product detector might be substituted for the 
presently used detector. The result of the analysis 
might also show that a slight change in the resin for
mulation might lead to higher quantities of certain 
types of degradation products to which the current 
POC or particulate detectors might be more sen
sitive. 
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Technical Notes 

Industrial Hygiene 

Effect of LLL Missile on 
Ventilation Construction 
Materials 

Introduction, Building 251 at the Livermore 
Laboratory Site is where Radiochemistry conducts 
many experiments with heavy metal solutions. This 
building is scheduled for modification and up
grading. All of the duct work for ventilating 
Building 251 is located on the roof. ERDA requires 
new construction or any upgrading of ventilation 
systems on top of buildings which house radioac.ive 
materials to withstand an impact from a specified 
missile, wind-propelled, traveling at 112.63 km/hr 
(70 mph) and maintain ventilation integrity. A mis
sile for use at LLL is defined as being a 2x4,3.66 m 
(12 ft) long, of select fir, with a cross-sectional area 
of 38.0 cm : (5.9 in. ;) and weighing 9.09 kg (20 lb). -"" 
Since it was mi possible to propel a missile horizon
tally, the most practical and economical means to 
achieve the kinetic energy required at impact was to 
drop the missile from a specific height. The 
Laboratory's Plant Engineering Group determined 

that the LLL missile dropped from a height of 36.58 
m (120 ft) achieves a terminal velocity of approx
imately 112.63 km/hr. Since this height was not 
readily available at the Laboratory, the overhead 
crane in Building 431, with a height of 26.82 m (88 
ft), was chosen as a drop platform. To get the im
pact energy equivalent to a 36.58-m drop, the 
weight of the 2X4 was increased to 16.9 kg (37.2 lb) 
by adding lead sheeting. 

Test Appflratus. To insure good vertical drops of 
the missiles for each impact test, a test apparatus 
was fabricated using Unistrul and 0.159cm (0.0625 
in.) stainless steel cable (see Fig. 37). Two 2X4 
carriers were constructed using aluminum flat 
stock, conduit clamps, and Teflon guides (see Fig 
38). The cable base framework was designed to 
allow a 1.23-m (4-ft) diameter piece of ventilation 
duct to be tested. 

The upper cable framework with cables attached 
was bolted to the overhead crane catwalk hand rail
ing, and the two cables were lowered to the floor. 
The cable base framework was placed on 4X6 
wooden blocks to raise the framework off the floor. 
The cables were threaded through the eye-bolts of 
the framework, pulled taut, then clamped. The 4X6 
wooden blocks were removed from under the 
framework. The framework was allowed to hang 

'Upper cable 
framework 

^jf0.159-cm stainless 
, io u i. ' S t e e l cable 
1.22-cm eye bolts, • 

jr _ \ f ^22.86cm 
4.127-cm 
unistrut 
(all pieces 
bolted 
together) 

Fig, 37. Drop lest apparatus. Fig. 38. 2 X4carricr. 
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free of the floor to plumb the drop guide cables 
from upper cable framework to the target area 
below. Weights were then added to the base 
framework to anchor it in place. The distance be
tween the cable centers was set at 22.86 cm (9.0 in.) 
both at top and bokjm, 

The Teflon guides were fabricated from 2.54-cm 
(1-in.) stock. After drilling a 0,635-cm (0.250-in,) 
hole through the center, the guides were split on one 
side which allowed them to be placed on the cable, 
then clamped in place on the 2X4 carrier. The 
0.635-cm hole in the guide kept the friction during 
each drop to a minimum. 

The calculations used for adding weight to the 
2x4's so that the impact energy from a drop of 
26 S2 m would be equal to the impact energy of a 
droo from 36.58 m are: 
t. The kinetic energy of an LLL missile is: 

KE = )/2 mv2 = 4448.7 kg X m2/sec2 

= 4448.7 joules 

where 
KE = kinetic energy, 
m = mass = 9.09 kg, 

(112.63 km/hrX( 1000 m/km) 
v = 3600 s/hr 

2. The time for a missile drop is: 

D= 1/2 gt2 = t= = 2.34s 
(1/2) X(g) 

where 
t = time, 
g = gravitational acceleration = 9.8 m/s2 

D = distance = 26.82 m. 

3. Since tlie final velocity is equal to acceleration 
times time, 

v = gt = 9.8 m/s2X 2.34 s = 22.82 m/s. 

4. To match kinetic energy with the lower velocity, 
the mass must be increased, so 

KE = l/2mv2 

2KE 

(2X4448.7 kg X mV) 
(22.92 mh)2 

= \6.9L 

Each 2X4 was weighed, and equal amounts of 
0,635 cm (0.250-in.) thick lead sheeting was at
tached to both sides of the 2X4's center of mass to 
increase the total mass to the specified 16.9 kg. 

Test Materials. Various pieces of duct work were 
obtained from the laboratory's salvage yard. One 
Bisonite elbow (see Fig. 39) and filter housing were 
tested. Plant Engineering provided a 1,23-m (4-ft) 
diameter by 3.66-:n (12-ft) long section of duct 
which was fabricated with a continuous seam (see 
Fig. 40). To investigate th_- missile impact on sheet 
metal houses or chain link fencing which might sur
round the ductwork, three 1.23-m (4-ft) square Un-
istrut frames were fabricated, and panels of 10-, 16-
and 18-gauge galvanized steel were attached. One 
fram: 1.23-m (4-ft) square was constructed of 
galvanized pipe, and chain link fencing was installed 
within the frame (see Figs. 41 and 42). A 20,32- x 
20.32- x 40.64-cm concrete block was obtained for 
the last test. 

Fig. 39. Bisoniiecltnw, Fig. 4 0 . Duclwcuk supplied by Plant Engineering, 
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Fig. 4 1 . Chaintink fence and duct before drop. 

Fig. 4 2 . C'hainlink fence and duel after drop. 

Test and Results. After a 2X4 was placed in the 
test apparatus, it was raised to allow the test 
material to be placed underneath and aligned for 
impact. The 2X4 was then hoisted by means of a 
block and tackle to the crane catwalk. After the 
hoisting rope was removed, the 2X4 was allowed to 
drop onto the test material below. High-speed 
movies were taken of each drop test. Test results are 
shown in Table 7- From these tests it was deter
mined that if a chain link fence with a clearance of 

approximately I m is installed around any 
ductwork, all of the energy expended by a 
windborne missle will be absorbed by the lencing 
material. 

Acknowledgments. We wish 10 acknowledge and 
thank Chuck Richards, Don beason. Bill Russell. 
Jim Johnson. Cal Robb. Ben Walker, and Howard 
Alford for the support they contributed to this pro
ject. 
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Table T. Test remits. 

Teat No. Missile Material Comments 

2 x 4 (no lead) 

2 X 4 (+ lead) 

2 x 4 (+ lead) 

2 X 4 (+ lead) 

2 x 4 (+ lead) 
(travel time 
2.011) 

New 2 X 4 (+ lead) 
(have! time 
1.90 >) 

New 2 X 4 (+ lead) 
chipped a little on 
end (travel time 
1.96 •) 

2 x 4 (+ lead) 
used twice (travel 
tune 1.88 s) 

10 

2 X 4 (+ lead) used 
three times (travel 
time 1.88 s) 

2 X 4 (+ lead) 
u sd foui times 

stainless steel circular duct 
25,4 cm x 109.22 cm 
0.032" thick 

10 GA sheet metal 
1.23 meters square 

1% CA sheet metal 
20.32 cm off ground 

Bisonite filter housing 

30.48 cm Bisonife 
elbow 

1,23 meters rolled seam 
galvanized 16 GA on 
rolled seam 

1.23 meter rolled seam 
on center of section 
—1 meter from end 

1.23 meters squared 
cyclone fence - loop 
wired on two sides - bar 
and damp attached on 
other two sides - impact 
area 27.94 cm from pipe 
side and 71.12 on from 
ground, thin stainless 
duct placed under fence 
- held on fork of forklift 

•16 GA sheet metal 
1.23 meters square 
-30.48 cm off ground, 
held down by fork 
truck 

20.32 cm x 20.32 cm x 
40.64 cm solid cinder 
block 13.97 cm off floor 

Cmsfi'j completely 

5*2.54 cm dent 

Sheet deformed and hit 
floor, tore metal from 
frame and bent frame 

Caved in top of housing, 
plywood from internal 
frame was inside box, no 
large hole in filler 

Duct split on join 
tore duct open 

it and 

Major failure tore 
i o n e third of circumfer
ence of duct open 

Pull penetration 2 x 4 
deflected enii went through 
seam, hie bottom of duct 
and bent metal to floor 

•fence stretched - wire 
clamps failed - no 
penetralion - stainless 
duct underneath not 
flattened just dented 

•metal dented 

-block split, poor tesl due 
to support 

Fire Safety 

Building 431 Bum Tests 

Introduction, Small-scale Fire tests were conducted 
in Building 431 in the spring of 1977 at the request 
of the Hazards Control Fire Safety Division. The 

major purpose of the tests was to provide guidance 
and information for fire protection systems 
designed for the MFTF program. Some of the 
specific unknowns that these tests can clarify are: 

• How does the buoyant smoke plume interact 

with the normal ventilation patterns of the 
building? 
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• Does Bldg. 431 have a resident inversion 
layer? 

• How long does it take for smoke to reach the 
ceiling, to fill the ceiling space, to fill the 
shielded area, and to activate strategically 
placed detection arrays'? 

• What is the temperature rise in the high bay 
ceiling, in the shielded area, and at the detec
tor arrays for various fire sizes and types? 

t Will existing ceiling vents remove significant 
quantities of smoke and heat? 

• Under venting conditions, will the ceiling air 
temperature rise be high enough to potentially 
fuse the ceiling sprinklers? 

• What type(s) of detector responds most 
reliably to the types and sizes of fires that 
have some probability of occurrence in the 
MFTF area? 

• What fire suppression strategies provide a 
feasible solution to the major potential fuel 
sources projected fo- the enclosure? 

• What logic can be used to identify the best 
jiics for location of detet tion and suppression 
arrays? 

9 Which are most readi'y detectable in large-
volume enclosures? 

Procedure. The tests consisted of both Class A (a 
solid-phase fuel array made up of packed computer 
paper in a restraining cage) and Class B (liquid-
phase fuel, n-heptane), contained in circular pans 3 
and 6 feet in diameter. These fires (ten in all) were 
conducted in the shielded area of Bldg. 431 in the 
thermally shielded enclosure shown in Fig. 43. 

Diagnostic instrumentation and fire protection 
equipment were arrayed as shown in the schematic 
of the lest environment in Figure 44. Also the 
critical element of any fire management system is 
the fire detector*. The generic types of detectors 
selected and deployed as shown in Figure 44 are: 

• Thermal detector — Detects rate of tem
perature rise from combustion gases and ther
mal radiation from fires; essentially a 
bimetallic strip. 

• IR detector — Senses infrared radiation from 
fires in a selected frequency range. Can be 
electronically filtered to accept radiation in 
the flicker frequency range of flames. 

• Ionization detector — Alarms when compo
nents of flame gases intercept and reduce ion 

' By fire deteclor we mean any device which senses the products, 
electromagnetic emissions, or heat produced during [he pytolysis 
or combustion of combustible materials. 

mobility current in an ion chamber field 
relative to a sealed cell. Rate of current 
decrease keys alarm. 

Taguchi gas detector — A semiconductor-type 
device, where the absorbing surface acts as a "p" 
junction at normal oxygen concentrations, and an 
"n" junction when combustion gases are absorbed 
on the surface. 

• Photoelectric detector — Senses either the 
forward or side scattered light from smoke 
admitted into an optical eel!. The intensity 
and/or duration of the scattered light deter
mines the alarm. 

• Wilson cloud chamber — Smoke and/or 
combustion gases are drawn into a centrally 
located monitor and injected into a saturated 
water vapor cell. Smoke particulates act as 
condensation nuclei, and the light scattered 
off the tracks is sensed as the primary alarm 
signal, 

Beam-type detector — Will alarm in two modes, 
either by smoke attenuation or by refraction of the 
light beam due to the change in the index of refrac
tion of the combustion air plume. The source light 
for this unit is a GaAs LED. 

Results and Analysis, Tables 8 and 9 summarize the 
results of the test series. Table 8 contains all the 
thermal data, and Table 9 contains the time 
response results from the various fire detectors. 

Analysis of the fire detector data indicates the 
following trends, some of which should be predic
table: 

• Larger fires (in terms of burning rate and 
smoke production) generally result in the 
alarm of more detectors. 

8 Detectors located directly over the fire are 
more likely to alarm than are detectors at 
other locations. 

• Only geam-type and IR detectors will alarm 
at early times when located at mid-wall sta
tions. 

• Ionization detectors appear to be the most 
sensitive and reliable of the detectors for sens
ing products of combustion. 

• IR detectors were the fastest to alarm during 
the liquid fuel fire tests, 
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Fig. 4 3 , Thermally shielded fire area for Building 451 tests. 

The beam-type detector appeared promising 
in terms or the remote sensing of fires, and 
also as a large-area-fire detection system. 
(Non-response to the fire plume of the 6-ft 
pan fires was caused by the misalignment of 
the .'etector and receiver module.)* 

*Because of our unfamiliarity with the operation of this detector, 
we were only able to operate in the "refractive index" mode. We 
have made subitquc.it tests with the device which showed suc
cessful response both in attenuation and refractive index modes. 

• The cloud chamber detector successfully 
responded to the paper cage and 6-ft pan fires 
when the alarm circuit was adjusted to the 
most sensitive selting.t 

^At the most sensitive setting, there appears to be no discrimina
tion between the channels. Perhaps the optical cell does not clear 
as well in this operational mode. 
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Fig. 44. Schematic of Fire ten ares and instrumentation iota riwi. 

Tcmppranjrc rise du rinjfiicleKsfC 

Test number 
and type 

i m p C O 

(BakomA) 

Channel designation (Peak valiroKWcm 2) 
Test number 

and type (Topi) 

i m p C O 

(BakomA) 0 1 2 3 4 5 6 II 12 13 14 15 (kj/min) 

0.9-m pin 

1 16 21 28 4 9 15 9 17 14 9 I.I 0.1 0.15 0.14 0.15 2.8 
2 29-22 29 5 7 13 II 16 15 10 2.0 0.1 0.2 0.14 0.08 2.0 
3 30-23 31 4 8 15 8 15 15 8 2.0 0.1 0.16 0.14 0.15 3.0 
4 18-17 20 6 s IS 7 15 14 :o 1.! 0.1 0.16 0.1 0.09 2.2 

av 4.75 a.o 14.5 8.75 15.75 14.5 9.25 
Paper Crib 

5 2119 25-22 1 2 5 0 9 6 2 0.1 0.1 01 0.1 0.1 2.8 
6 24-21 27 1 2 5 2 13 7 2 0.1 0.1 015 0.1 0.1 3.6 
7 25-20 28 

ay 
1 
1 

0 
2 

3 
4.3 

1 
2 

7 
9.6 

4 
5.6 

2 
2 

0.1 0.1 0.1 0.1 at 09 

I.Rfn pan 

s 24-20 20-21 20 33 53 21 48 55 16 13.8 0 0 0 0 9.8 a 

9 28-22 30-35 21 27 51 24 47 37 15 10.7 0 1.24 023 0.1 9.8 s 

10 19-1 IS 29-28 - - - 46 51 21 8.6 0 1.36 0.45 0.23 9.8" 
3V 20.5 30 52 22.5 47 47,5 17.3 

tppt f limit value estimated faun approximate maximum heal iclcau tatc frum fully turbulent hydrocarbon fuel fires. 
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Ttble 9. Datector tests - week of 11 April 1977 

Fuel 
n'heptsne 0.9-m pan Detectors 

al aimed Station 
Detector 

time 

Test No. (time in seconds) 

(15 gal/load) 
Detectors 
al aimed Station 

Detector 
time 1 2 3 4 av 

8 IR 2.0 2.0 4.6 3.3 3.0 
7 Ion 13.3 14.1) 18.8 17.1 15.8 
3 (on 14.3 16.5 23.9 15.9 17.7 
4 Thermal 59.0 63.3 S3J 61.6 59,4 
1 Photoelectric No 12.5 No 14.5 13,5 

10 2 IR 2.5 3.0 5.5 4.0 3.8 
13 2 Photoelectric 20.3 22.0 28.9 23.7 23,7 
9 2 Ton 45.0 No No No 45.0 

18 2 Ion 62.0 86.0 61.8 62.4 68.1 
U 2 Thermo 100.0 85.0 No No 
17 3 IR 12.0 13.5 15.2 13.0 13.4 
1 Cloud chamber No No No No 
2 Cloud chamber No No No No 
3 Cloud chamber No No No No 

Beam type 
Refractive index 19.5 39.0 37.2 31.9 
attenuation No No No 

Computet paper 
Tent No. (timeinreconds) 

Computet paper 
in-a-cage 

7 1 Ion 

5 6 7 av 

7 1 Ion 16.8 15.8 21.8 18.1 
3 1 Ion 2i.a 16.0 25.7 21.2 
8 1 [R 36.7 56.3 2.7 c -
I 1 Photoelectric No No 22.1 22.1 

10 2 IR 50.5 74.2 42.9 55.9 
17 3 IR 38.0 53.6 47.2 46.3 
1 Cloud chamber Yes" 60s" 60 s a \*0 
2 Cloud chamber Yes 75 Yes •V75 
3 Cloud chamber Yes 75 Yes 

Beam type 
Refractive index 38.7 25.7 54.1 3?j 
Attenuation No No No 

Initial weight (kg) 13.kg 9 2 

n-heptane 1.8-m pan 

0 IR 

Test No. (time in seconds) 

(7.0gal/load) 

0 IR 

8 9 10 av 

0 IR 3.5 4.5 2.3 3.4 
3 Ion 9.4 11.1 7.1 9.2 
7 Ion 10.4 9.2 7.2 8.9 
1 Photoelectric 11.2 No 8.9 7.S 
4 Therm 15.5 16.7 14.0 15.4 
5 Photoelectric 29.7 36.6 37.4 34.6 
6 Taguchi 44.6 44.7 46.3 45.2 
I Cloud chamber 60.0 a 60.0a 75.0 a 65,0 
1 Beam type No No No" 

10 2 1R 4.3 6.3 2.3 4.3 
18 2 Ion 15.9 14.9 11.3 14.0 
13 2 Photoelectric 16.7 No 13.4 15.1 
11 2 Therm 22.4 23.2 23.2 22.9 
14 2 Photo 33.2 28.4 25.2 28.9 
17 3 IR 14.1 14.7 13.3 14.0 

Not discriminating channels (6 and 9 at high sensitivity, 10 at low sensitivity). 
Indicates no alarm signal for this fii > 

'Detector apparently caught the flash ot i t i l t lon flame. 
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• The rate of temperature rise at station 1 was 
the same for both the 3-ft pan and the paper 
cage fires. However, the magnitude of tem
perature rise for the pan fires was approx
imately twice that of the paper cage (15°C and 
7"C respectively). Apparently, this difference 
is enough to trip the thermal detectors. 

Conclusions, This test series was conducted to 
delineate several areas of concern about the 
behavior of the combustion products plume from a 
large fire in Building 431, and to generate some 
background information concerning the siting re
quirements and response of various types of fire 
management and smoke detection systems. We 
posed questions in the Introduction to this report, 
and our answers below are based on our test data. 

• The buoyant smoke plume interacts with the 
normal ventilation patterns of the building in 
the following manner. 
For the 3-ft pan fires, the smoke appeared to 
diffuse uniformly into the high bay. However, 
during most of the 3-ft series, most of the win
dow vents were closed. During the 6-ft pan 
burns, the vents were open and smoke tended 
to concentrate on the north side. Workers in 
the side mezzanines noted the odor of smoke, 
but very minimal light scattering. 

• Building 431 does not appear to have a resi
dent inversion layer, at least not in the 
weather patterns of April 1977. 

® For the 6-ft pan fires, it look the smoke ap
proximately 15 seconds to reach the ceiling, 
and approximately 60 seconds to fill the ceil
ing space and to fill the shielded area. Data on 
activation times for detector arrays are given 
in Table 8. 

t Temperature rise data are given in Table 8. 
• If the fire is o! long d uralion, or large, it does 

not appear that the existing ceiling vents 
could remove enough smoke to keep the 
building habitable. 

• Under conditions of high ambient tem
perature, it appears that large fires could 
cause the ceiling sprinklers to fuse. 

e If we were to rate fire potential in a 
descending order of probability, we would 
count fires in electronic components and elec
trical insulation fires from electrical overload 
as high on the list. At the other end of the 
probability spectrum would be fires in dielec
tric fluids. In between would be fire potentials 

which could range from trash fires to fires oc
curring in materials drought into the are?, of 
concern during periods of construction. The 
fire starts of high probability would be small, 
smouldering types, while those of low 
probability would include large, energetic, 
disasterous-type fires. 

The included tests indicated that ion and 1R type 
detectors sensed all fires. Thus, some combination 
of these two detector types appear most reliable at 
the current level of technology. 

» No single extinguisher is a panacea for the 
potential fuel mix available in the MFTF en
closure. Areas which have unusual and 
similar fuel loads need to be concentrated and 
specific extinguishing strategies applied to 
them, e.g., AFFF over liquid fuel reservoirs, 
Hi-X for large electronic components, and in
ert gases for sensitive electronic controls. 

• Many detectors are sensitive to ionizing radia
tion and consequently, cannot be used in 
areas of high radiation background. 
However, the instruments ate compromised 
only during periods when the ionizing radia
tion is present. This condition should only ex
ist when the MFTF is in operation, at which 
time there should be enough personnel in at
tendance to observe any unwanted ignitions. 
The detectors can be activated during periods 
of experimental mudification or inactivity. 1R 
detectors should be placed such that the 
supervised item is included in its field of view, 
and ion detectors should be placed in areas 
where the potential smoke will collect or 
stagnate (i.e., relatively close to the ceiling), 
[on detectors in exit ducts of the ventilation 
system is advisable. 

* Both electromagnetic radiation from flames 
and combustion or pyrolysis products are 
locally detectable. For remote detection, 
smoke attenuation and the refractive index 
change of the combustion gas column appear 
to be detectable by beam-type detectors. 

Recommendation. The beam-type detector appears 
to have potential as a large-volume-fire detection 
device. If it could be remotely situated so that the 
beam could penetrate the shielded volume, it might 
also provide protection during MFTF operations 
where ionizing radiation is present. Because of this 
potential, a beam-type detection system should be 
purchased by LLL for further testing. 
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Publications 

G. O. Nelson, W. Bergman, R. D. Taylor, H. H. 
Miller, C. P. Richards and A. H. Biermann, 
Enhanced Filtration: July-September Progress 
Report, Lawrence Livermore Laboratory, Rept 
UCID-I6949-76-3 (1976). 

A theoretical and experimental investigation of 
non-ionizing electrostatic air filters is presented. 
These Alters are designed to be used as prefilters to 
aid the HEPA filters currently used in nuclear 
facilities. We discuss the parameters that affect filter 
efficiency, and develop a theory that describes the 
increase in filler efficiency and pressure drop as the 
filter is loaded with particles. 

G. O. Nelson, W. Bergman, H. H. Miller, R. D. 
Taylor and C. P. Richards, Air Filtration Enhance
ment Using Electric Fields, Lawrence Livermore 
Laboratory Rept. UCRL-78621 (presented at the 
Americar. Industrial Hygiene Conference, New 
Orleans, Louisiana, May 22-27, 1977). 

Polarized electrostatic air filters have been shown 
to be a promising air filtration device for a number 
of years. Their major disadvantages, however, have 
been their difficulty in collecting conductive parti
cles or operating at relative humidities above 70%. 
This paper describes a new design concept which 
completely eliminates these problems. 

A nonconductive media, typically a glass fiber 
mat, is placed between two specially insulated con
ductive screens. As the voltage across the screens is 
increased, the particulate penetration decreases ex
ponentially. Typically increasing the electric field 
from 0 to 10 kV/cm will decrease the mass penetra
tion from 80% to less than 5% when tested with a 
polydispersed l.0-/im ammd (<rg = 2,0) sodium 
chloride aerosol. The effects of filter and system 
variables are discussed and compared to theory. 

D. R. Slaughier and D. W. Rueppel, Calibration of a 
dePangher Long Counter from 2 keV to 19 MeV, 
Lawrence Livermore Laboratory, Rept. UCRL-
79206 (accepted for publication in Nuclear Instru
ments and Methods). 

We have measured the sensitivity of a dePangher 
precision long counter (PLC) relative to 'Lifp.n), 
T(p,n) differential cross sections over the neutron 
energy range 10 keV - 19 MeV, We also measured 
absolute sensitivity at 2 keV using a scandium-
filtered beam at a reactor. Results obtained with 
errors in the range 5-30% are consistent with the 

assumption of a nearly constant sensitivity over the 
range 2 keV-6 MeV, but exhibit a reduction above 
12 MeV. 

Dennis R. Slaughter and Duane W, Rueppel, 
Environmental Neutron Spectrum Outside the LLL 
High-Intensity 14-MeV Neutron Facility, Lawrence 
Livermore Laboratory, Rept, UCRL-78946 
(presented at the Health Physics Society Meeting, 
Atlanta, Georgia, July 3-8, 1977). 

The neutron energy spectrum at the LLL fence-
line has been measured at a point near the high-
intensity 14-MeV neutron source. Data were ob
tained using a transportable system consisting of a 
NE 213 liquid scintillator and a large hydrogen-
filled proportional counter. Spectral results ob
tained show a small peak due to transmitted 14-
MeV neutrons. In addition, a large broad peak in 
the 1-3 MeV region corresponding to a window in 
the oxygen total cross section is observed. Its inten
sity accounts for nearly half of the total dose due to 
neutrons in the 0.1-15 MeV energy range. 

B. J. Held and C. P. Richards, Research and 
Development Needs in Firefighters' Breathing 
Protection, Lawrence Livermore Laboratory, Rept. 
UCRL-79107 (presented at the Northern California 
Fire Chiefs' Assoc, February 18, 1977, Rural Fire 
Chiefs' Committee, March 4,1977, California Fire 
Chiefs' Assoc, May 26, 1977. Also published in 
Fireline Magazine, April-May, 1977). 

This paper discusses the causes of the high inhala
tion injury and fatality rate among firefighters, and 
ways tr help bring these statistics down. Research 
needs in breathing apparatus geared to the fire ser
vice are also presented, along with a discussion of 
the studies presently being conducted at LLL. 

Dale E. Hankins, Energy Dependence Measurements 
of Remmeters and Albedo Neutron Dosimeters at 
Neutron Energies of Thermal and Between 2keV and 
5,67 MeV, Lawrence Livermore Laboratory, Rept. 
UCRL-78307 (presented at the IRPA IVth Inter
national Congress, Paris, France, International 
Radiation Protection Association, April 24-30, 
1977). 

Standard neutron fields for calibrating and 
developing neutron instruments and dosimeters 
have been established through a joint effort of 
ERDA's Division of Operational Safety (DOS) and 
the National Bureau of Standards (NBS), Center 
for Radiation Research. This program provides 
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monoenergetic neutron beams in the intermediate-
energy range, thermal neutron beams, 
monoenergetic fast neutrons, and standard neutron 
fields. 

The intermediate-energy neutron beams are from 
the NBS reactor, and have predominant energies at 
2,0, 25 and 144 keV. The beams are obtained by us
ing a combination of resonant scatterers and Alters. 
They are of high intensity, have low backgrounds of 
other energy neutrons and gamma rays, and are well 
calibrated and stable. The 2-keV beam is of par
ticular interest since it provides a calibration point 
which is about one decade in energy lower than has 
been available previously. We also made measure
ments at neutron energies between 30 keV and 5.67 
MeV, obtained from the Lawrence Livermore 
Laboratory cyclograph accelerator. 

C, L, Lindeken and D, G. Coles, The Radium-226 
Content of Agricultural Gypsums ISummaryj, 
Lawrence i/vermore Laboratory, Rept, UCRL-
78720, (presented at the Symposium on Public 
Health Aspects of Radioactivity in Consumer 
Products, Atlanta, Georgia, February 2-4, 1977). 

Gypsum (CaSO4.2H,0), used as a soil amend
ment for saline-alkali soils, is obtained either by 
quarrying or as a by-product in the phosphate fer
tilizer industry. The latter, termed "phospho gyp
sum" contains variable amounts of 2 BRa, 
depending on the uranium content of the phosphate 
rock. Radium-226 contents of both quarried and 
phospho gypsum were determined by gamma 
counting in a low-background Ge(Li) spectrometer 
equipped with Comptort suppression. Quarried 
samples from Nova Scotia, Iowa, Texas, and 
California were compared with phospho gypsum 
derived from Florida land pebbie phosphates. 
Quarried gypsums showed an average radium con
tent of 0.21 pCi/g. The average radium in phospho 
gypsum was 14.6 pCi/g. Uranium-238 measure
ments showed that near secular equilibrium existed 
between the uranium and radium in the quarried 
samples. Disequilibrium in the phospho gypsums, 
occurred because of preferential separation of 
radium during chemical processing. At the levels 
observed, no health hazard is implied from uptake 
of radium by plants grown in phospho gypsum 
treated soil. 

T. Jordan Powell, Hazards Analysis of Laser Fusion 
Targets Containing Tritium, Lawrence Livermore 
Laboratory, Rept. UCRL-78311 (presented at the 
[Vth Internationa] Congress, Paris, France, Inter

national Radiation Protection Association, April 
24-30, 1977). 

Hollow glass microspheres having diameters in 
the range of 20 to 150 micrometres and walls one to 
several micrometres thick are used as targets for 
laser fusion experiments. The microspheres are 
filled with a tritium-deuterium gas mixture by dif
fusing the gas through the wall of the microsphere 
at a high temperature and pressure. A typical 
microsphere might contain up to several hundred 
microcuries of tritium after filling. 

Hazards analysis indicates these micro.xheres are 
a minor hazard so IOP° as they remain Intact. If a 
microstore is broken a slight hazard will be present 
for a short time because of the release of the tritium 
gas. However, a long-term respiratory hazard may 
exist because of tritium contained in the glass frag
ments of a broken microsphere. 

We have examined the glass fragments of broken 
microspheres and found many fragments in the 
respirabb size range. Further, we have confirmed 
that tritium is trapped in these fragments, probably 
by chemical bonding, and is released only by 
melting or dissolution of the glass. The glass frag
ments are insoluble in lung fluids and may be con
sidered to behave in the lung as Class Y particles, as 
defined by the International Commission on 
Radiological Protection. Thus, the dosimetry of 
tritium trapped in glass differs radically from that of 
tritium in more common forms. For example, an in
cident that deposits 100 ^Ci of tritium trapped in 
glass fragments in the lungs will deliver radiation 
doses of 20 rad to the lungs and 45 rad to the 
pulmonary lymph nodes. Contrasted with these 
doses, 100 jaCi inhaled as water will deliver a dose of 
only 0.01 rad to the lungs. 

Steven G. Homann, A Simple Expression for Es
timating Doses Recorded by Personnel Dosime'.ers as 
a Result of Radioiodine Therapy, Lawrence Liver
more Laboratory, Rept. UCRL-79174 (1977). To be 
published, 

A common radiomedical procedwe For the treat
ment of hyperthyroidism is the ablation of the 
thyroid. Typically, a single treatment of 5-20 mCi of 
l 3 lI are administered to the patient. The patient is 
usually discharged on the day of treatment and 
resumes normal activities. If the patient is a radia
tion worker, an exposure is often indicated on the 
individual's dosimeter. 

This note presents a simple equation for es
timating the dose registered on the patient's 
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dosimeter, and compares calculated values with 
several doses recorded on thermoluminescent 
dosimeters (TLD) worn by Lawrence Livermore 
Laboratory employees following '" I treatment. 

M. S. Singh, Radiological Safety Design Considera
tions for a Laser-Fusion Facility, Lawrence Liver-
more Laboratory, Rept, UCRL-78580 (prepared 
for the Fifth International Conference on Reactor 
Shielding, April 18-22,1977, Knoxville, Tennessee). 

Detailed neutronics and photonics calculations 
have been performed for analyzing prompt and 
residual radiations and required shielding 
associated with the design of a laser-fusion facility 
with a nominal yield of 10 " neutrons per D-T burn 
pulse. The standard Livermore Monte Carlo codes 
and nuclear data cross-section libraries were used in 
calculations. The Bateman equation was used to 
calculate the accumulation and decay of 
radionuclide chain products. A number of activa
tion sensitivity experiments were conducted, and the 
results were found to be in very good agreement 
within 10% of those calculated. It has been found 
that neutron yields of 2X10 " per day can be con
ducted continuously if the reactor chamber is 
Kevlar-epoxy or silica, the primary shield is 0.60 m 
of water immediately on the chamber, and the 
building concrete is 1.80 m thick. These precautions 
result in dose equivalents below the primary protec
tion limits inside the target room after a few hours 
of cool-down per each 10" pulse, 10% of the 
primary protection limits immediately outside the 
target room, and 1% of the natural background 
level at the nearest site boundary. 

Curtis L. Graham and Joseph R. Parlagreco, A Com
puter Code for Calculating Personnel Doses Due to 
Tritium Exposures, Lawrence Livermore 
Laboratory, Rept. UCRL-52138 (1977). 

This report describes a computer code written in 
LLL Modified Fortran IV that can be used on a 
CDC 7600 for calculating personnel doses due to 
exposures to tritium. The code is capable of handl
ing various exposure situations, and is air; rapable 
of detecting a large variety of data input errors that 
would lead to errors in the dose assessment. 

Thomas R. Ciites, The Effects of Aimospheric 
Nuclear Testing on Air Travel Safety. Lawrence 
Livermore Laborarory, Rept. UCRL-78947 
(presented at the Health Physics Society 22nd An
nual Meeting, Atlanta, Georgia, July 3-8, 1977). 

Chinese nuclear tests in the fall of 1976 resulted in 
increased fission product inventories at high 
altitudes. The EPA and FAA requested ERDA* 
assistance in assessing the impact of this contamina
tion on the safety of air transport. Several super and 
subsonic trans Atlantic commercial flights were 
made during the time in which the fallout cloud was 
projected to intersect those air routes. Gamma spec
tra, exposure rate, air contamination level, and air
craft surface contamination measurements were 
taken on each flight, and these data are presented. 
Though the fallout cloud was identified in flight, no 
safety concerns arose. A discussion of future 
guidance as to action and action levels is included. 

*TTie technical response was a joint ERDA/EG&G/LLL effort. 
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