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Progress Reports

RADIATION PROTECTION

Theosetical Studies of X.ray Attenuation
in a Simulated Chest Wall

Intreduction. LLL is committed to a continuing
program to isaprove the sensitivity and precision of
the whole-bedy counter to detect and quantify
plutonium in the Jungs. Measurements are now made
psing two 12 7-om-diam Nal{Tt) detectors which count
plutonium L x rays passing through the chest wall.
Since these x rays occur at low energy (three principal
groups at 136, 17, and 20.2 keV) the measurements
are saverely constrained by attenuation in the chest
wall.

The chest we'l sursounding the tungs may be up
1o 4.5 cu thick which amounts to three to seven mean
free path lengths at 13 0 keV. The quality of present
plutonium lung burden measurements is limited by
three primary considerations:

® Uncertainty in the spatial distribution of

plutonium in the lungs.

o Lffects of the counting geometry on detection

clficiency.

e Attenvation in the chest wall,

A theoretical study is now underway to obtain some
degree of understanding of the role played by each
of these cffects. As yel, only chest wall attentuation
has been looked ar in derail, and tlat work is not
complete. However, some very preliminary data will
be seported here.

Experiments. Estimates of chest wall attenuation
are made in the following way: A lung is simulated
by a pharitom of Remab material molded in the shape
of & lung (see Fig. 1). The material is doped uniformly
with plutonium or '0*Pd which decays to produce two
Rh x-ray groups at 20 and 23 keV. A chest wall is
simulated by placing various thicknesses of becfsteak
over the fung. The detector is then positioned to
measure the count rate due to photons in the energy
range 13-30 keV which reach the detector.

Thearetical Studies. There are a number of ways
to calculate chest wall attenuation, incorporating
various degrees of sophistication.  The simplest
calculation would be one which assumes 2 tragsmission
varying exponentially with thickness.  Such a
calculation would be valid only so long as the following
requirements were satisfied, at least approximately: (1)
Monoenergetic photans, (2) non-scattering materials,
(3) all photons incident at the same angle.

None of the above conditions are satisfied, even

approsimately, in the problem being considered.
However, condit on (1) above may be selaxed easily
by taking a dagar superposition of transmitted
intensities due 1o each individual photon energy group
incident on the chest wall. In the vase where there
are basically three groups of x rays, the intensity
teansmitted through the chest wall is given by

~ulX -HZX _ ;HJX
1) . Ie + Lye Flye

Iy RS

where [ are the intensities of 2ack group incadent
on the chest wall and p; the respective
attenuation coefficients. 1, & the towl
incident intensity, l0 = 4 !2 + IJ.

Similarly, condition (2) above may bz relaxed by
defining an appropriate “buildup factor” for the
problem being considered, i.e.,
¢ (’?

1ofa.

x) =——

ox)

unscat

where  ¢(x)  is the photon intensity at position
unseat % in the attspuator due to

Fig. 1. Simuisted lung.
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phatens  which have not yet
undergone any interactions, and

é(x) s the total intensity at position

total  x of photons with energies within
the detector acceptance window,
including  those  which have
scatte.ed.

Clearly, B{x) will depend upon the incident photon
energy, tiickness of material, detector caergy window,
and it will be shown that it depends somewhat an
geometrical considerasions other than thickacss of
material. A crude calculation with resiraints {1) and
(2) relaxed would be of the form:

AS EUIPS § -u3
1B ixe " +1382(x)c "2 +IJBJ(x)e

where Bj(x) are the buildup fuctws for the respective
source ensrgy groups. One sull has the problem of
caleulating B {x) for each photen group. However, B(x)
varies much less rapidly in tissue than does the
exponential e™** and so it may be represented in good
approximation by a simple polynomial. Part of the
prestat work involves modelling the variation of
buildup as a function of source energy and tissue
thickness. That ¢ffort is not vet complete.

A more sophisticated caleulation must deal with the
angular distribution of incident photons and the
dimensions other than chest wall thickness which
affect the prebability 1t st a photon will scatter into
the detector, Figure 2 skws e hically that the path
length of a photon throwali tte chest wall vages
widely. The mean path length +ver this distrioution
depends significantly an the size and separation of the

I,
T (EIEIN

lung and detector. Thus the chest wall attenuation is

Detector
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Limits of geometry

Fig. 2. Path length and thus artenuation is very much geometry<dependent. ‘ariation of path fength of photons through

cheat wall,
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dependent upon all of the dimensions in the chest
wall  deteclor geometry.

Momte Carlo Calewations. The Monte Carlo code
MORS!: has been wused to caleulate the photon
detection rate in tlie detector, above 13 keV, for
various thicknesses of simulated chest wall and for
several counting geometries.

A single detector was assusned to he 5 cm above
a single lung. The detector count rate was calgulated
for surulated chest wall thicknesses of 0, 1, 2, 3, 4,
4.5 ¢m and the results normalized to those for z¢ra
thickness.  Calculations were carried out for a
plutonium source distributed uniformly over the lung
und assumed branching intensities of 0.363, 0.517 and
0.12 for the 136-, 17-, and 20.2:keV x-ray groups.
Sinular calculations were done for o ° - P'd source
where the branching intensities were assumed 0.830,
0.147 and 0.022 for the 20.2., 22.7., and 23.1-keV
groups.

Results, Figure 3 shows the results as a function
of beefsteak (simuated chest wall) thickness. The solid
curves give the total number of photons detected with
encrgies above the detector threshold. Dashed curves
correspond to the number of detected photons which
enderwent no interactions in either the lung or
simulated  chest wall. The difference  between
correspoading solid and dashed curves indicates the
cortribution 10 the detection tate arising from photons
which scattered at least once in the lung or chest wall,
but reached the detector 2t any energy above its
thireshold.

Figure 4 shows the effective buildup factor gs 3
function of chest wall thickness for the incident energy
spectrum assumed. The fipure shows that scattered
photons may enhance the detection rate up 10 50%
for the geometry considered. It is also inferesting to
note that the scattering contributes to a small intensity
buildup within the Jung itself.

Conclusions. These preliminary results show the
impartance of including buildup due to scattering in
calculating the attznuztion of chest wall material,
Initial investigations indicate that source detector
geametry and spatial distribution of the source are also
important. Caleulations are continuing to study these
effects with a vizw to modelling the system response
to changes in geometry or spatial distribution as well
as changes in the detector encrgy acceptance window,

Respanse of the LLL Personinel TLD Badge ta

Penetreting and Nonpenetrating Radiation

Introduction. The allowable exposure limits for
nonpenetrating radiation ace several times higher than
the limits for penetrating radiations. Most personnel
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dosimeters are design=d to measure the penetrating and
nenpencteating doses separately. Unfortunately until
now, no Jefinition of penetrating and nonpeneirating
has been given, and existing persannel dosimeters very
greatly. Sume dosimeters are designed to measure the
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penctrating component or the dose at tissue depths
equivalent 1o the bone (5 cm) while others measure
the dose at tissue depths of 1. 2., 2.5- or 3-cm depth

A joint ICRPICRU committee exists which is in
the process of producing a document. “Conceptual
Basis for Radiation Protection” which will be
submitted for review shortly. Theis recommendation
will be based on the “restricted dose-cquivalent
indices.” This consists of a sphere 30 ¢cm in diameter
of tissue-equivalent material. An outer shell 7 mg/em?
thick would correspond to the dead layer of skin,
followed by a shell approximately 1 ¢m thick for
specitying skin dose equivalent, and finally the main
body of the sphere about 28 cm in diametar in which
the dose to the gonads and blood-forming organs will
be specified. The MADE (Maximum Absorbed Dose
Equivalent) index restricted to the 28-cm-dizm inner
sphere will be set at 5 rem/y, that for the {<m shell
at 30 remjy. The value for the eye will be left at
15 rem/y as the ICRP has it now. (Chapter 0524
limits are 5 rem/y for the whole body and lens of
the eve and 15 rem/y for skin exposures.)

If thz abowe document is accepted, penetrating and
nonpenetrating  doses  wili  be  defined.  For
nonpenelrating exposures a dosimeter should measure
the dose in the first em of tissu-. 2nd for penctrating
exposures the dose at cepths of greater than | cm.
Bothy the nonpenetrating and penetrating doses will
vary at increasing depths. being higher near the surface
and at | cm and decreasing us the depth approaches
1 cm or the center of the sphere (assuming isotropic
expusiire), A dosimeter probably should be designed
to measure the highest dose { “hich would be near the
surface for nonpenetrating and at the 1 cm interface
for penetrating radiation). This would provide a dose
measurement which would always be conservative.

A swudy wys made of the LLL personnel TLD
dosimeter system to determine how well it would mect
the above enferia. It was felt that the cosimeter
presemily used 1o measure the “penetrating” dose was
probably undershielded and was measuring at an
equivalent tissue depth of less thar | cm.

Proceduze. Exposures of the LLL personnel TLD
badges were made to fluorescent x-ray energies of 11,
23 and 32 keV, e gamma rays, and to beta
particles from a 28t source. Al exposures were made
with the badge placed on a 4-in.-thick Lucite phav:tom
used Lo provide the barkscatter of low-tnergy x rays.
This backscauter is very large at some of the lower
x1ay energies (see Ref. 1). The exposures for each
%7y energy were made under the same conditions and
1o the same dos:.

The personnel TLD badges are wom under 2
security badge made of polypropylene. In this study,
the following exposures were made: (1) without the

4

secunty  badge  Go simolie the open window
nonperetianng readme of the badge): (23 with the
seeurity badge oser the TUD's (1o sumulitte the present
penetriting readings): (1) wieh sluntnum 16, 20, 25,
31,55 and 625 o chick placed between the security
badge and the TLD'st and (3) with Luaite 116, 1/8
and 316 w. thiek placed on 10p ol the seg rity badge.

To detenmine the dose ata depth of T em in tssue.
TLD's were placed in glassme envelopes and taped te
the phantom. Tissue-equivalent plastic {Randoy sneets
0.5, 1.2 4nd 3 ¢m thick were pliced between the
TLD's ard the sources to obtain a relative depth dose
measurement. The results obtained are gven in Table
1. In Table 2. the results are nonmalized 10 the
unshielded TLD readings.

Figure § shows the results in Table 2 plotted as
a funetion of thickness of Al and Lucite. The zeru
inmercept of the curves is nol at | becanse the secunty
badge provides significant shielding compared to the
unshielded badge reading topen window). The Luate
provides little shielding for the 23-and 32-keV x rays.
but is siguificant for the 11-keV x rays and the 80,
beta. The alwminum provides signilicant shiclding for
all xeray energics and for the beta particles.

Figure 6 shows the depth dose curves that ane
obtains with the Rando tissue-cquivalent plastic. The
13765 urve Ties above 17 because the TLD rzadings
with no abewher (open window) gave a lower reading
than the TLD readings behind the plastic (probably
begause electren cawlibrium had not been established
in the atr).

Discussion, The desired response of the personnel
badge Lo X rays is fo meastre the dose atan equivalent
depth of 1 «m in tissue Figure 6 indicates that a1
I-cm depih, attenuation values of 0.070, 0.67. und
(.78 are obtained fog the 11, 23 and 32:keV ¥ rays
respzctively. These values are greater than the values
of 0.047, 0.58 and 0.71 which we ohserved for the
TLD's shielded by the sccurity badge atone. The
present TLD badge atienunior correspoad:. to about
a depth ol 1.4 cm in tissue (see Fig. 0). Therefore,
since we are already measuring at an equivaient depth
dose of 1.4 ¢m, it is not necessary 10 add additional
shielding ta our badge to discrininate berween
penctrating and nonpenetrating X rays.

The resalts Tor the 2%Sr source (Table 2 and
Figure 6) indicate that none of the 905, is detected
at the 1-cm tissue depth. but with the present vadge
approximately 49% of the beta dose from 05, js being
measured as a penetrating dose by the shielded TLD.
A filter of Lucite or similar material should b> used
to reduce the beta sensitivity of the dosimeter. The
thickness of the filter is linited by what would be
practical. Table 2 indicates thal the beta being
detected by the TLDY's for Lucite thicknesses of 3/16,



I'h amd 1o woawe 03 50 and 150 respectively.
The sdesired beta response s pers, hul since 1t s
impractival 10 use w filier of 36 in or geater
thickness, we will have to aceept @ oadge with some
oversesponse 10 bers The extent of this uverresponse
will depend un the suateriad and the thickness of the
fitter that i msed Lucte may be tou hnttle fe,
evended e, and oflier plasties are being constdered

Fabrication of o Redlistic Torso Phantom

for Calibration of Heavy-Element Lung Counters

The prablem of accurate exteinal measurcment of
heavy elements, particularly plutaruny, in the human
lung is made difficull by the unlavorable decay
schemes of 1he isotopes commonly encountered. [n the
vase ol plutonium, by far the most abundant photons

Table 1. Readings of TLDs exposed . 1 a Lucite phantom t@ x rays,
gamma rays and beta particles with various shielding

placed over the TLDs

2 keV 23 keV 32 keV g U

TLI badge onty 65108 20,769 1219 45,486 6127
TED badge and security badge 286 11937 861 47007 2978
TLD badge

16 mit Al and sccurity badge 60 9586 754 45446 413

20 mil Al and security badge 44 8876 134 41430 175

31.25 ) Al and wecurity badge 285 7588 H 16,071 h4

55 mit Al and secusity badge 23 5412 545 49,702 252

625 mil Al and sccunity badge 22 EL 595 46,001 181

116 in, lucite and security badge 79 11,303 910 49.581 940

1§ in. fucite and scedrity badge 56 10459 344 49,624 306

3 16 in. lucite snd security badge 6L 10,127 784 49.2714 30
TiLDx under Rando plashe

1 em 428 13,288 959 52,087 1]

2 m 57 9519 752 49,147 -

1 ¢m 15 539 n 45,935 -

G5 em - - - 402
Table 2. TLD readings relative 10 the reeding obtained with the TLDs

in the badge with no filters {open window]
1 keV 23 ke¥ 32 kev Mg 5¢

Ti.D badge only 1 100 1.02 1.0G 10D
TLD badge and security badge 0.047 0.58 0.71 103 049
TLD badge.

16 mit Al and security badge 01 A6 62 1.00 .23

20 mil Al and sccurify badge 072 43 59 1.04 19

31.25 mil Al and securily badge D04¥ J? .58 1.84 BES

£5 mil Al and sccority badge 0038 26 48 1.09 045

62.5 mil Al and sccurity badge 0036 24 49 1.61 030

1716 in. lucite and security badge 043 54 .75 1.0 A3

178 in, lucite and security badge 0092 52 69 1.09 050

316 in. lucite and security badge 0098 49 b4 1.08 008
TLDs under Rando plastic

1 om 070 54 19 LIS 0

Yem 0093 46 62 1.08

3 m 0.0041 031 0.43 L.01

9.5 em 0.066




emitted are the L series x rays having an average energy
of about 17 keV. The yields are 2lso low — 0.046
xtays per disintegration for ““Pu and 0.115 x 1ays
per  disintegration  for 33py. The plutonium
measurement problem is made more difficult by the
complex structure of the lungs and overlying ribs and
soft tissue. Proper simulation of the human torso for
calibration of the large and external counters used for
such measurements is extremely ditTicult.

A recent imvivo limg counter intercomparison
effort? among a number of laboratoties has shown
large discrepancies in the activity levels reported. A
good part of the problem represented by these
discrepancies can be attributed to the lack of an
adequate phantom for calibration purpases. For this

or=rTTT 7

0.1

0
0.91
== Al
=== Lucite
0.001 | j | i |
0 10 20 30 40 50 .0
Thickness of Al —mils
| J | |
g 1/16 1/8 3/16
Thickness of Lucite ~ in.

Fig. 5. Relative TLD seadings as a function of the
thickuess ot - .ad Lucite placed between the
badge and th. w.tce.

[

reason, the F.R.D.A. lias established an intercalibration
Committer for Low-Energy Photon Measurements to
develop design criteria for construction of a realistic
phantom. The phantom will be buiti at the Lawrence
Livermore Laboratory through a joint effort by (he
Biomedical Division and the Hazards Control
Department.
The Intercalibration Committee has estahlished the
following criteria for the phantom:
© Tt is to be a torso without head, neck or arms,
extending 1o the waist.
® 1t s to have the stature of an average radiation
worker.
¢ The torso will contain a human male rib cage.
® The organs simulated are to include iungs and

| I 1 !
1.0 Wy
2kev

23 keV

0.1 ~
A 4
I0 i
0.01 -

; { ] | ]
0. JU]O 10 20 30 40 50

Thickness — mm

Fig. 6. Relative TLD seadings as a function of ‘ando

tissue thickness.
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irachea, heart, liver, kidneys and spleen, with
provisions ‘or lymph mode simulation.
The materials used (o construction will simulate
the x ray transmission pioperties of humas
tissue with attention given to the differences in
xiay transmission between muscle, adipose
tissue and cartilage. Material used for the Iungs
will have 2 demsity of abowt 025 glem®.
© The basic phantom is to be constructed with the
minimum amount of soft tissue simulant over the
lungs necessary for structural strength, but
provisions are to be made for simulation of
differing amounts of tissue overlying the lung,
Three basic tasks have been involved in the first
portin of the phantom  construction: (1)
Determination of the proper size and shape of the
organs as well as tise exterior of the torso and the
torso cavity without organs; (2) acquisition of the
human male fib cage: and (3) investigation of
tissue-equivalent malerials,

-

Fig. 7.  Styrofoam torso model,

The most available reference with “Standard Man™
data’ reports a weight of 70 kg (155 1b)and a height
of 170 cm (5 {1 7 in.), values that were at odds with
our experience. An Air Force report” contained data
for a larger standard man, but one that we suspected
as being i better trim than a typical radiation worker.
We finally chose to use statistics for employees taken
during routine whole-body counts. The resu¢ from
data for mee than 500 LLL and Los Alamog
employees was an individual 177 cm (5 ft 10 in.} tall,
weighing 76 kg (169 ib) and having a chest
circumference of 100 cm (39 in.).

Using that data, we began by enlarging a seres of
sagittal cross-sectional drawings from an anatomy text
to life size. One set of these was pasted to blocks of
styrafcam which were cut to the outside contour of
the chest. The styrofoam blocks were stacked, alipned
with anatomical fiducial points and fastened together
(Fig. 7). The assembly was given to a sculptor at the
Laboratory who filled out the model with clay and
shaped it, based on our dimensions and some
photographs taken of one of our employces who has
the above dimensiors (Fig. 8).

Fig. B. Clay model (10 be used as a guide for shaping the
realistic phantom),
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Fig. 9.  Transmission of 23Bpy L x rays.

We -ontacted ihe University of California Medical
Center in San Francisco to obtain the rib cage, The
office of the Curator of Deceased in the Anatomy
Departmer.t provided us with the embalmed cadaver
of 2 man [77 cm (5 ft 10 in.) tall, weighing 75 kg
(167 1b) and having a chest circumference of 101 cm.
After discussions with Dr. Sexton Sutherland.
anatomist with the Mediesl Center, we decided to
make & cast of the cadaver, a cast of the torso cavity
after removal of the organs, and casts of the major
organs themselves. This was done to improve the
probability of having the torso and organs in the
proper proportion. The chest was cast with
conventional surgical plaster tape. The organs were
removed and have been retained for Juture casting. The
interior of the torso was cast with an expanding silicon
foam which was easily removed after setting. We will
make plaster models of the organs, chest and torso
void for some final shaping before preparing the

phantom ¢sto. The clay mudel (Fig. 83 will be used
as a guide in remaving artifacts of the chest resulting
from the embalming.

The rib cage has been reiaoved by Dr. Sutherland
and cleaned at the Museum of Vertebrate Zoology at
the University of Califor.sia.

Three tissueequivalent raterials have been
considered for use in the organs and soft tissue:
Temex® MixD.” and Rando tissue-equivalent
material.  Transmission masurements with one
electroplated source of 238py indicate that Temex is
closest to the transmission of beefsteak which is used
to represent muscle {Fig, 9). This fact plus some
structural considerations have led us to prefer the use
of Temex for duplication of most of the soft tissve,
Since Temex (a depolymerized rubber) is not readily
available in the United States, the LLL plastics shop
has been assisting s in formulating our own material.
The attenuation of plutonium x rays by 4 cm of our
current formulation is about a factor of two greater
than Temex, so there 18 more adjustme * required in
the camposition.

With the casts, organs and rib cag.  ecessary for
phantom construction, we have com u long way
toward fabrication of a realistic phaniom. However,
a great deal remains to be done including construction
of final casts, formulation of the tissne-equivalent
material for fat and cartilage as well us muscle.
impregnation of the bones with tissue-equivalent
material to replace marrow loss, and final phartom
construction. The need for the phantom to be used
at other laboratories is now suci that we are planning
to build two morc for use in the intercomparisun
pregram.

Acknowledgments. We extend our thanks to Dr.
Asling, Dr. Sutherland, and Mr. Ritchie of the
Anatomy Department, U, C. Medical Certer for their
assistance in providing us with the anatomical
specimens: Me. Jones, 11, . Museum of Vertebrate
Zoology for his hely in preparing the rib cage:
Dr. Smith, Radiology Department ol the U. C.
Medical Center for providing samples of Temex;
Dr. Rundo, Argonne National Luboratory for
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Respiraior Cartridge Efficiency Studies

Since the last progress report,8 two additional areas
of investigation have been pursued: (1) Additional

[
\3

40 80 120 160 180
Time = min

Fig. 10.  Breakthrough curves at various use humidities for

cartridges preconditioned ar 20% RM.

infurmation has been acquired for cartridge servie life
as 2 function of preconditioning and use relative
humidity: and (2) the effect of temperature on

0 40 80 120 160 200 240
Time - min

Fig. 11.  Breakrhrough curves at various usc humidities for
castridges preconditioned at 90t R.H.

Table 3. Breakthrough time correction factors at various humidities at

1000 ppm, 52.3 titres/min and 22°C for a

pair of cartridges

contzining coconut or petroleum base carbon, The data have been

normalized to the 50% preconditioning and

test relative

humidity. The letters indicate the test vapor employed and the

carbon type, The number in { ) is the standara deviation

i
n

[
L]
-
¥

T

Test Breakthrough time corrcction factors
relative
humidity Preconditioning eelative humidity {5}
(3] 0 20 30 65 80 90
0 0.94 (0.08) 095 (0.04) 0.99 (0.07) 097 (estimated 0,95 (0.07) 095(-)
FC B3FG BFG BFG F
20 1.02 (0.06) 1.02 (0.03) 1.02(0.04) 104 (0.09) 1.01 (0.05) 1.00 (0.05)
FG ACDEFG ACDEFG ACDE ACDEFG ACDEF
50 0.98 (0.07) 0.99 {0.03) 100 (0.05) 0.99 (0.04) 0.95 0.08) 0.77 {0.20)
§ BFG ACDEFG ABCDEFG ACDE ABCDEFG ABCDEF
% 65 0.97 {0.04) £.98 (0.04) 0.99(0.05) 0.94 (0.04) 0.84 (0.10) 0.66 (0.25)
B FG ACDEFG ACDEFG ACDE ACDEFG ACDEF
= 80 0.87 (0.06) 0.91(0.05) 0.88 (0.04) 083 (0.09) 0.72(0.16) 0.50(0.17)
21 BCFG ACDEFG ABCDEFG ACDE ABCDEFG ABCDEF
90 0.84 (0.03) 0.85 (0.04) 0.83 (0.06) 0.78 (0.09) 0.67(0.13) 0.48 (0.20)
. CFG ACDEFG ACDEFG ACDE ACDEFG 4CDEF
A
i A - acelone, petrolenm hase
B - henzene, petroleum hase
, ¢ - carhon tefrachloride, cogonut base
- [} - (chlotobutane, coconat base
E - ethyl acetate, peteoleum base
5 F - isopropanol, coconul base
: G - hexane, coconut base .
- 9 .
£ o
, N 3 s i
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cartridge officiency has been calculated from the
Mecklenburg Equation,9

Effect of Humidity on Cartridge Service Life.
Figures 10 and 11 show the breakthrough curves for
l-chlorobutane at varipus test relative humidities.
Some cartridges were preconditioned 21 0% RH
(Fig. 10) and some were preconditioned at 90% RH
(Fig. 11}, All cartridges were tsted at 1000 ppm.
§3.3 litres/min and 22°C. As either tl:e test or storage
humidity increases, the service life is dimirished.

Table 3 summarizes the data from seven solvents.
Using the 50% RH storage and use humidity as a
reference point, the service time al other conditions
can be approximated using the multipliers provided.
1t must be remembered, however, that such correction
factors vary with activaled carbon type and
concentration. I the concentration decreases, the
water vapor ¢ontent has a more pronounced effect on
the cartridge use time, as shown in the datain Ref. 10.

Effect of Temperature on Cartridge Service Life. At
present we do not have the capability to test ai various
temperatures. Figure 12. however, shows the calculated
effect of tempesature for seven solvent vapors. These
calculatic ne indicate that even over a wide temperature

range (040°C) the servive Die is nol significantly
reduced.

130

~0
o

0
8 0 10 20 30 40

Temperature = °C
Fig, 12. Calculated effect of temperature on tespirator
cartridge scrvice life, (a) Perchloroethylenc; (b)
carbon  tetrachlorides (c} cthyl acetatei (d)
benzene; (g) pentanc.

INSTRUMENT DEVELOPMENT

Improved Electronies Configuration

for LLL Neutron Spectrometer System

Development of the LLL Health Physics Neutron
Spectrometer System has been described in numerous
carlier progress reports’*"'” and some of its details
are contained elsewhere in the present report.] yl
During this development, the electronics configuration
has evolved to the point where laboratory neutron
energy spectrum measurements are being made
routinely with a system whose configuration seems to
have stabilized. Results of the measurements appear
satisfactory, and so 1t is likely that this configuration
will become permanent.

Our basic spectroscopy system contains two
sub-systems, one for scintillation detectors and another
for proportional counters. Configuration of the
scintillation systesn vced primarily with NE 213 and
stilbene detectors 15 shown in Fig. (3. Pulse shape
discrimination is used to suppress analysis of
gamma-ray events so that reliable neutron spectrum
measurements may be obtained in the ener§y ranqc
1.0-20 MeV and at count rates up to 3 X 107 sec”
Less than 1% of the gamma-ray events in the detector
leak past the pulse-shape discriminator to contaminate
the lowest part of a pulse-height spectrum. Gamma-ray

10

leakage is unimportant a1 pulse heights greater than
that produced by 1 1-MeV protan.

The electronics configuration of the proportioaal
counter system is shown in Fig. 14. This system has
undergonc the greatest cvolution since it was last
described.

® The best pulse-he-shi analyzer available for some
measurements may not have dual parameter
capability or even the ability 1o gate the ADC.
A gated linear signal must be available for single
parameter analysis.
© Very good risetime resolution is required since
the distribution of *He recoils is narrow in
risetime ard not well separaled from that of the
protons produced by 3He(n.p) reactions.
Gaussian shaping of the lincar output with long
shaping ‘ime constants improves the energy
resolution of the system. [n addition, good
baseline restoration is important in reduzing
low-frequency noise due 1o 60-Hz pickup in
signal lines and microphonic responsc o the
detectors.

L

The subsystem shown in Fig. 14 may be used with
either a single- or dual-paraineter analyzer. Setap for
proper pulse-shape discrimination must be detciriined
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with a dual-parameter analyzer, but once the correct
setup is determined a very simple pulse-height amalyzer
may be used. Analysis of gammz-ray events in
hydrogen  proportional counters  is  effectively
suppressed so that the pulse-height spectrum is an
accurate measuse of the proton ionization spectrum
in the detector.

Proportional counters <ontaining Me are more
difficult to work with because of the presence of “He
recoils produced by ei.stic scattering. Neutrons at
energies above | MeV may produce recoils which
interfere with the pulse-height spectrum because of
IHe (n,p) reactions. In fact, the cross section favors
elastic scatlering at neutron energies above 1.5 MeV,
Pulse-shape discrimination is used here to suppress
analysis of recoil events. However, our experience has
shown that the risetime distribution of *He recoils is
narrow and only slightly separated from that due to
(n,pt reactions. Consequently, the effectiveness of
pulse-shape discrinination in zejecting recoil events is
very sensitive to minor distortions in pulse shape due
10 electronivs effacts.

The proportional counter system now in use
consists ot a “fast leg” where pulseshape analysis is
done on the eutput of 2 fast amplifier, and a “linear
leg" where e pulse output is shaped for best
pulse-herght resalution. Even sv, the reliability of
measurements made with SHe proportional counters
has been somewhat disappointing. Whenever a large
rejection ratio {in the range 20-30) is required for *He
recoils, i.e. when the neutron differential flux above
I MeV is not small compared to that at 0.5 MeV,a
substantial penalty is pad in neutron detection
efficiency since many (n,p) events are also rejected.
Loss of 30% or more is not uncommon. More
importantly, the reproducibility of the detector
response is pont under these conditions because of
minor variations in pulse shape at the discriminator
between one setup and another. Variations of +40%
in the (n,p) detection cfficiency have been observed
among experimental setups which were intended to be
the same. However, when lower rejection ratios (in the
range 1-5) are acceptable, the e proportional
counters vield reproducible measurements of high
resolution {25 keV at low encrgies to 75 keV at
1 MeV).

Conclusion.  Laboratory  neutron  spectrum
measurements are being made in the energ{ ange
10 keV - 20 MeV at flux levels of 1 nfcm® sec to
3% 10* njem’ sec. Scintillators and hydrogen
propottional counters have proven reliable and
relatively easy to use while “He proportional counters
must be used with some caution when measuring
continuous  spectra. The system described here is
designed for use in a laboratorv environment while an
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adaptation of it. descished ebewhere in this rcpnrl.lh
may be used in the fiekl.

Development of a High-Resolution Neutron

Spectromeier for Field Use

Many dosimeters used to measure personnel neutron
exposures  do not have a “rem response.”
Consequently, it is necessary 10 estimate the neutron
energy spectrum in the work environment where these
dosimeters are worn in order 1o infer the accumulated
neutron exposure 1rom the dosimeler response. A
spectrometer System has been developed at LLL which
may be transported to various work environments
where dosimeters are worn or to locations where
environmental radiation measurements are inade. The
system described here represents the adaptation for
fie!d use of the Lahoratory Neutron Spectrometer
Systum whose development has been chronicled i a
series of carlier progress reports,’ ®°*

System  Configuration. The primary objectives
sought in the development of a field neutron
spectrometer system were:

& Reliability.

¢ Transportability, ie. mass less than 100 kg.

® High sensitivity, i.e. useful at dose rates 1-100

mR/hr.

® Wide energy range, ie. 10 keV - 20 MV

range.

To obtain a system meeting the requirements of
field wse, some sacrifices have been made in
performance. Pulse-shape discrimination has been used
in laburatory measurements to suppress the gamma-ray
response of hydrogen provortienal counters. but no
shape discrimination is used with proportinnai counters
in the field system. Instead, a lead cover 6 rum thick
is placed over the proportional counters. This
introduces some distortion of the neutron spectrum
(up to 10% of the differential flux), but the gamma-ray
respanse is reduced by a factor of 2-10. Even so, the
gamma-ay  response  often  causes  greater
contamination of the pulse-height spectrum than a bare
detector used with pulseshape discrimination. A
secondary benefit of the lead, however, is a substantial
reduction of the detector response to acoustic noisc
and mechanical vibration which have been important
in some field measurements.

The electronics configuration used is shown in
Fig. 15. The system in use is shown in Fig. 16. At
the right of the photograph is a Nim-bin containing
the electronics. Also shown is a portable oseilloscope
used in the system se.up. At the left is the LLL
“computing gmnina-ray spectromeler” which is used
here as a portable pulse-height analyzer.
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Fig. 95, Flectrofics configuration £:r scintillators and propostional counters in Neutron Spectrometer Field System,

in uddition 10 the electronics package, the
spectrometer Dicludes a suitcase containing an array
of newtron detectors. The array is shown in Fig. 17.
On the lower pourtion is a lage NE 213 liquid
scintifiator  (front) and one of two hydrogen
proportivnal counters. The top portion contains three
additional NE 213 santillators as well as o *He
pioportional  counter and a small hydragen
proportonal uunler,

Toral wnasses of the system components are:

o Electronics 42 kg
® Pulse-height anaiyzer 18 kg
© Delector array and suitcase 18 kg

Totdd 78 kg

Operating Experience. Energy calibration of the
NE 213 scintilators in the field is accomplished using
2 2INs gomay source, Compton edges in the
pulse-height spectrum due o 0.511- and 1.28-MeV
gatmma rays me located, and the data of Verbinski
{relating light outpwt from 1ecoil protons to that of

Compton electrons) is used to relate proton energy 10
the pulse height a1 which the Compton edges oceur,
Calibration of the proportional couunters may
sometimes be accomplished on the basis of thermal
neutron interactions with N, which constitutes 5% of
the gas mixture. The fesulting (n.p) reaction praduces
pulse-height response equivalent to that from a
0.615-MeV proton,?* A linear pulser i then used fo
locate the zero energy paint. Ir the absence of a
suitable source of themmal neutrons, measured
characteristic curves of gas multiplication versus anode
voltage are used to infer proton encrgy from the charge
collected in the detecior. Some of these curves are
given elsewhere in this mpor!.l

Neutron spectrum measurements have been made
at the Nevada Test Site and at the LLL sitc boundary.
In both cases, the system appeared to be reliable and
reasonably convenient to transport. There is not yet
enough data to assess the accuracy of measurenents
made in the field, but an intercompadsar. © being
planned 10 compare results obiained using the field

13
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Fig. 16. Neutron spectrometer system.

system 1o those obtained from: (1) calculations, (2)
laboratory  messurements,  (3) bonner  sphere
measurements.

Fig. 17.  Seugon detectors.
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Capabilities. The scasitivity of the various detectors
wsed depends cn (heir active volume and density of
hydrogen or e, € onsequently, several specimens of
each detector type are available lor spectrum
measurements. Table 4 contains a list of the detectors,
together with their nominal encrgy resolution and the
range of neutron intensities over which each detector
is useful.

Generally, the resolution o the system 18 3-1007.
Sensitivity at energies sbave 1 MeV s adequate for
measurements where the neutron exposure rale is
larger than 0.1 mR/My with a maximum field on the
order of 3 Rir. The sensitivty a1 Jowes enesges is
less. Spectra have been measuied down to 30 keV i
ficlds as wow as | mRfhr, Sul the counts must be Jong
and the statistics are pot aften o). Measusements
have been made rouwtinely in the enerpy range
100 keV 20 MeV.  Some spectri have been
oitaned down to |0 keV i Jaw  gammacay
CovironMents,

Conclusion. Extension of the useful cnergy range
ol proportional countess 1o tuw energies may only be
obtained with sophisticated pulse-shape discrimination

- ) : L ey



Table 4. Detector parameters for field neutran sp
Useful Useful neutron
energy range  Energy intensity range
Detector description (MeV) resolution (nfem? sec)
NE 213 liquid scintillator
5.08x 11.4 cm diam 120 Rys 1-100 O
NF 207 liguid scintiflator
76 % 38 cm diam 120 % w' - 1w
NE 213 liquid scintillator Mat 3 MeV
25 x 25 om diam 1-20 1% 1x 10" -3 x 10
NE 213 tiquid scinfillator a
13 x 13 cm diam 120 7 3107 -3 % 10
H2 propostional counter 4
20 atm, 45,7 % 508 cm diam 0330 % IR/
H, proportional counter
Jatm, 254 x 38 om diam 00310 5 2x 102 -2 x 10}
i, proportional counter kat 0.5 Mev
*1 atm, 45.7 x 5.08 cm diam 00103 ? 2x10°-2x 10
He? proportional counter
4 atm Hed, 4 aim Ar, 45.7 % 5.8 cm diam 0220 40100 kev 5% 1075 x loj

techniques and reduction of gas pressure and volume.
Such extensions reduce the system sensitivity and
increase ts complexity substantially. The system
described here is adequate for data acquisition under
the conditions stated, but does not now offer any
real-time capability for data interpretation. Neutron
spectra are obtained only after reduction of the
pulse-height data on a large computer. Some effort is
now being expended to provide a data display which
would lend itself to at least a crude wvisual
mterpretation by an experienced operator of the
system. Additional effori is being expended to assess
the accuracy of the spectra obtained with the field
system.

Modified Chlorine and Hydrogen Chloride
Cartridge Testing System

The chlorine and hydrogen chloride cartridge testing
system measures the effective cartridge and canister life
under the conditions set forth in Title 30 CFR
Part 11,

A cartridge is subjected to test concentrations of
0.05. 0.5, or 2.0% a1 32 or 64 litres/min. The relative
humidity is set @ 50%. An amalyzer is placed
downstream  and ihe effluent concentration is
monitored as a function of time. Upstream and
downstseam temperatures are measured continuously
throughout the test.

A generalized block diagram of the system is shown
in Fig. 18, Labormory compressed air is humidified

and blended with chloring or hydrogen chloride in the
gas flow control module. The humidifier is
continuously supplied with water and regulated with
a humidity controller. During initial start-up, the gas
mixture passes through a bypass while the cartridge
to be tested i placed in the cartridge holder.

The testing period is initiated by switching the gas
flow from the bypass canister to the test cartridge.
An analyzer continuously monitors the effluent
concentration and displays the results on a recorder.
The apparatus is shown in Fig. 19.

The gas flow control module is shown in Fig. 20.
This unit activates the air, chlorine, hydrogen chloride.
and water supplies; contrals the gas flows; provides
power for the relative humidity controller; measures
the temperature; and switches the gas flow from the
bypass canister to the cartridge under test.

When in the normal testing mode, oir is humidified
by activating the heater in the water reservoir. The
i midity is measured with a solid-state sensor. The air
tlow is adjusted and measured with the flowmeter and
then merged with a predetermined flow of chlorine
or hydrogen chloride in a mixing chamber. The gas
mixture then passes either out the bypass canister or
to the test cartridges. A digital temperature gauge
monitors the infet and outlet cartridge pas
teswperatures.

This apparatus was built for the Testing and
Certification Laboratory under reimbursable contract
NIOSH-1A-74-21, and this system concludes our work
for the National Institute of Occupational Safety and
Healdh.
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A Portable Gamma Spectrometer

Due 1o needs of Hot Spot emergency fesponse and
general health physics monitoring, Hazards Control has
been funding 2 project to build 2 rugged, wuly
portable, gamma spectrometer, A first unit has been
built which has been designated LEA74-1040 (Fig, 21)
The instrument has been in use and has been upgraded
many times as new circuitry is designed to improve
performance.  Typical uses o date have been
monitoring of neutrons near the Linear accelerator;
measuroment of 437Py samples in the chest of a
cadaver for calibration purposes of the Whole Boay
Cownting Facility; and measurement of nuclear devices
at NTS. The instrument has also been borrowed for
use offsite on many spur-of-the-moment occasions to
measure the isolopic composition of an unknown
sample.

‘The prototype analyzer was completed in October
1974 alter which time we decided not to build mose
of that design but to werk on a second-generation
niachine which would more adequately suit the needs
of various users and solve some of the stability and
maintenance problems that were present In the first
analyzer. Some of the specifications of the new
analyzer will be discussed at the end of this report.

The present analyzer consists of an aluminum
walertight conainer 204 X 280 X $60 mm in clze,
and has a weight of 19 kg. The instrument contains
2 256-channel pulseieighs Zialyzer with computing
capabilitics, 8 combination lichtemitting dioue (LED)
ad cathode-roy tabe (CRT) display, a Potarold camera
houscd in the cover, a 50- X 50-mm Nal(T1) detector

N

housed in a side well, and a 1-kV power supply for
the detector. The cover also contains a folding 1-metre
tripod for using the detector outside the instrument
if desired (Fig. 22). A line cord for charging the
instrument's Gelcell batteries, plus extra cables and
film, are alse included in the caver. A waterproof side
door covers the detector well, ac. charging receptacle,
and the time-setting switches for the time-of-day clock.

The analyzer was designed 1o be reliable in the
environment of 2 Hot Spot accident anywhere in the
world. A temperature range of -30 to +70°C will not
affect correct operation of the instrument, but smail
calibration changes might be necessary if one transfers
the instrument from room temperature 0 -30°C arctic
climate. Changes are presently being made to allow
no-drift performance over the full range, nvaking the
Nal detector the only weak link.

The analyzer is designed 1o be submersible with its
cover closed, and is splashpraof with the control jiarel
exposed. Sult spray environments were not considered
on the first unit, but will be included in the devign
consideration on the new analvzer which has a
fiberglass case and is made of special construglicn
materials. The fiberglass case will also give better
resistonce to shock and denting shan the aluminum
case does.

The analyzer was intended for use in situations
where an operator might need to wear gloves, and thus
we designed the controls 1o be almost exclusively
pushbuttons. A speciai tool is enclosed in the cover
for use 35 3 button pusher or adjustment tool.
Keybnard buticrs also are quicker and most of the

7



http://dingra.ii

&

waun | A> . B>

’ :T'HE Y feat '

e ]
sd W N

Fig.21.  Front panel view of the prototype analyzer shows operating keyboard and combination CRT and LED display. The
graticule is not illuminated and does not show well here,

time casier to use than other types of switches.
Twenty-four pushbutton switches are used. some of
which have 2 double function.
Special features that were incorporated into the
analyzer are as follows:
® 40-character LED display adjacent 1o CRT so
that all pertinent information is photographed to
prevent needless writing on the back of photos
(Fig. 23).
® Inlemnat time-of-day plus day-ofsyear clocks
provide correct time on the display, along with
other LED data and the CRT plot for photo
purposes.
& Two movable markers  one reads out in
counts and energy in keV,

Fig. 22.  The portable analyzer may be used with its integral
Nal {TL) detector removed and hung on the
expandable tripod which is housed in the
insirument cover.




Live instzad of twinkle display on CRT. May be

used during acquiring of data as desired, or may
be shut off to conserve power.

© Battery life 10 to 20 hours depending on use;
recharges in 8 hours, Needs no connection t¢ apy
uther equipment. Will operate with covers ¢losed
for severe thimates,

© Automatic photo exposure controlled by the
analyzer.

@ Digital direct-energy readowt which con be set
up to 4076 keV fullscale in 1024 incremcm.s,

e T\w modes of integration: (-nc‘_‘ , another

Z -background where background is approxi-

mited ds the strarght line drawn between points A
and B.

o Two-digit semple number for record keeping.
Number appears in LED display.

® Digital scaic factor push-button control for CRT
allows quick change of CRT from 100 counts
full-scale to 100 k eounts full-scale in 29
increments,

° Maximum preset live-time of 99999 seconds.
May be changed while analyzer is acquiring data.
Will stup if number is entered which is less than
the present live-time,

© CRT las horizontal magnification and position
controls to allow viewing a smell pertion of the
CRT trace.

® Lightweght Polaroid camera uses type-87 film
which does not need coating.

Fig. 23.

A polaroid photograph is easily produced by the
instrument and its self condained camera. Time of
day + day of year automatically appear in the
display for record keeping.

Fig. 24. Looking into the instruinent case with front panel
removed shows a crowded array of componenis.
Batteries + high voltage supply are behind the
detector well (black tube), Logic board containing
300 ICS is at lower poiéen of photo.

The interior of the analyzer is constructed of
epproximately 300 CMOS integrated circuits on a
foldup wirewrap frame plus about fodr ather printed
circuit boards containing another 100 CMOES circuits
for the analogto-digital converter, display drivers, and
time-of-day clock (Fig. 24).

The analog-to-digital converter & 3 conventional
Wilkinson type with linear rundown of 3 capaciior. The
circuit is special nnly in its power consumption,
concern for temperature drift, and speed (¢ MHz for
256 channels),

The amplifiers and preamplifier consists of two type
AD 507 operational amplifiers in a charge-sensitive
design, Maximum sensitivity is 0.5 picoCoulombs full
scale. The memory is all CMOS consisting of 20 RCA
CD4061 256 X 1 memory chips. The meary is
arranged as 20-bit BCD words to allow a maximum
channel capacity of 100000 counts.

The CRT is made by Tekironix for their Model 211
Osciltoscope. The driver amplifiers were also used from
the same oscilloscope. The LED's are multiplexed at
20 kHz to provide 2 no-licker display.

User Experience. During use by many persons in
the field, including the author on demanstration trips,
some features worked out to be very useful; however,
preblems did arise. The keyboard operation worked
out very well, allowing a new user to be a~quiring data
in a few minutes once he read the small enclosed
plastic instruction card. It has been very useful to have
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a self-contained system where the user need not be
knowledgable in electronics to use the device. The
multiple LED display allows the user 1o know
immediately what the result of butten pushing is even
if he is not sure of its vunction. The direct readout
in keV (channel numbers may also be used) allows easy
determination of most isotopes. Problems, arise,
hawever, from the non-linear characteristic of Nal(Tl)
deteciors below 400 keV, A keV offset must be added
to the curve to allow lincar readout over a small range.
The present analyzer is offset in the ADC to do this.
Severat spectra need to be run to calibrate, which

Fig. 25. An artist's conception of the new model under
design shows 8 X 70 display camera in cover and
more ruggedized fiberglass case.

wastes time. The sccond design presently under
construction will simplify this procedure by providing
digital offset. Also, the new analyzer will use more
integrated circuits in its ADC to muke a more stable
converter with respect to temperature and batlery
fluctuations.

Features for the Second-Generation Aralyzer. Many
design changes are being made in the new amalyzer
(Fig. 25) now being constructed. The more important
of these are as follows:

@ [024- or 256-channel operation

® Four groups of 256 channels may be moved,
added, or subtracted from each other.

ADC 't rate is 8 MHz.

External ultra-pure Ge detectors may be used.

Log or lingar disply.

New energy multiplier circuit of the form

Energy of channel = (channel #)(keV/chunnel

const) + keV offset.

& SX70 Polaroid camera, to photograph CRT and
LED’s; fully automatic operation produces ten
photos in 20 sec if desired.

® Accessory data tape recorder may be
used — Sony TC 55 is adequate (audio tape
recorder).

@ FSK telemetered data output may also be used

to send data over phone with accessory phone

coupler.

Analyzer will stop on preset live-time, on preset

count in a specific channel, or on overflow in

any channel,

& Amplifier gain is digitally controlled in seven
binary steps from the keyboard.

® Nal detector provided is rugged and protected
against temperature changes.

& Fiberglass coe is waterproof and drop-proof.

® Analyzer will meet military transportation
specifications.

FIRE SAFETY

HEPA-Filter Fire Protection

[n our previous report we detailed the results of
attempts to scrub smoke particulates from an air
stream using 2 fine water spray containing a Teflen
additive and a rolling prefilter consisting of cheesecloth
backed by a flyscreen. We indicated that one
experiment showed some promise in extending filte
life, and that the results would be checked.

We modified the smoke generation system to
eliminate soot buildup in the stack feeding the main
air duct and made other adjustments to ensure close
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control of the test operation. Following this, we
conducted several iests in an effort to duplicate the
previously reported promising single result. These
efforts have all been unsuccessful, as can be seen from
the data in Table 5, and the typicai aii-time and
pressure-drop-time curves shown in Fig, 26, We have
therefore stopped this effort, and testing will resume
after activation of the full scale fire test cell.
During the past several months construction has
progressed on the large-scale fire test cell and auxiliary
facilities, and completion is cxpected about July 15,




Table 5. HEPA filter smoke plugging sts, using rofling prefilter
and warm (~150°C) smoke

Duct ait flow T
AFy prefilter (Ps) aP; HEPA (Pa) {9/sec) Runtime
Rup  Avg. life
No.  (min) Initil  Final  [nitid  Final  Initial  Final (Min) Remarks
i 24-3L 7 144 b3 1717 455 W2 160 Test of spray w/additive on -
rolling prefilter. =
3 1 0 0 99 2289 455 57 125 No prefilter; tes¢ of spray effect -
wio prefilter »
32 0 0 ¢ 29 1941 460 250 {00 No prefilter, no spray, Baseline '
plugging-time test. 2
13 12 5 B 98 e M 25 105 Attempts to dusfcate Run 30 -
tempts to duplicate Run 30, o
# o 8H 7 T 29 1966 460 253 100 but with better control of :
35 9-29 5 995 274 1841 403 253 160 operating conditions, e.g,, fuel
3% 1. 048 % 1S 4T g 85 and waterfeed.
Conditjons:

1. Fue) — ncoprene hypalon glaves

2. Fuel feed - 100 gfmin
3. Prefilter = 1 layer cheescoloth with screen wire backing
4. 0.12% Teflen in water .
5. 0.00-kss water spray -
(LI I A s o
" )
n \\ M, -{ 400
\\ |' ‘\‘ P\ uy
A \ [N [ = :
{
L \\‘\ ! \‘\ : \\\ '\\\ r‘\ A B 300 \ .
\l -\q \J -y \\' \J\“'“ g
t .
I smmeee Aiflow %02 -
cmmeme—e HEPA filter
b —— Rolling prefilter 100 5
2000 - 0 .
L1750 :
1150 |-
§ ek '
5 1250
© 1000 ’
=
g 7s0(- / ;
& 500 H ¥ \ ! /15| /
250 D/ \/ \/’ \/ Az
I I T | T T "/ L V] 1IN JAJ
5

0
0 1015 20 25 30 35 40 45 50 35 60 65 70 75 80 85 90 95100105
Time - min
Fig.26. HEPA filter smoke plugging test — airflow through duct and pressuce drops across prefilter and filtee.
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Fi9.27. Proposed fire test cell — Building 328.

1975 Activation — including addition of the
ductwork and air pcllution control system and
installation of the 100-channel computerized data
acquisition system — will take approximately three
months. An architect’s rendering of the cell and
associated ductwork is shown in Fig. 27. Interior
dimensions of the cell are 5.94 X 3.99 X 4.22(H) metres
with an enclosed volume of 100 m’. Some 32 possible
experiments are planned as combinations of the follow-
ing:

© Four fuel loadings

o Two sprinkler conditions (on-off)

© Two ignition sources (insidefoutside an

enclosure, e.g.,  hood or gloved box)

0 Two exhaust locations (high/low)

Concerning the fuel loadings, these will consist of
surplus  ERDA-contractor laboratory items (gloved
boxes, hoods, benches, tables, supplies, etc.) arranged
in realistic arrays.

The fuel loadings selected are shown in Fig. I8,
plotted as D/C (dirty-to-clean ratios) versus
combustible loading in kg/mz of floor area, These were
arrived at under the following considerations.

© With the cooperation of various ERDA-contractor
representatives, lists of equipment and photo-
graphs were obtained for various typical laboratory
and processing installations.

From this informaticn tables were prepared of
combustible floor “~-dings, and dirty-to<lean
(smoke) ratios of the materials, equipment and
products involved. A dirty smoker is defined as
a materiel which in a well ventilated fire,

2z

S 8- S0) Jpourias

produces (based on our experlence) copious
quantities of smoke particulates; a clear, smoker
is the opposite. Dirty smokers inciude certain
plastics and ceilulosics, particularly those which
are fire-retarded. Clean smokers include most
cellulosics and some plastics.

]OOE ] T I ¥ I T l |.| i I :
]0:-" ! . -
9N G
RN P R
E].O_— ¥ .. , —
PR C— :
i . : «
10']_— o -]
io-2.lnl|lul|l|l|
0 4 B 12 16 20 24 28

Fuel loading - kg/m2

Fig. 28.  Fuel loading of sample labs as diriy-to-cleay, ratio.
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e From the tabulated data, the plot was prepared
and a quasi-mathematical analysis of the
groupings of the various poinis was made. From
this, Tour values were selected: DJC D.5 and 3;
and fuel loadings § and 2 kg/m2, respectively.
{These arc the values marked with the @on
Fig. 8.

in the planned experimental program, laboratory

equipment and materials will be set up o simulate
these smokeyfuel loadings as closely as possible.

Smoke-Chamber Results on ASTM ound Robin

Recently, we participated in 2 round robin test
sponsored by ASTM (American Society lor Testing and
Materials) in which some 30 laboratories were to test
13 materials and products in the NBS Smoke Density
Chamber under both nonflaming and aming
exposures. The purpose of this round robin was fo
determine  replication  within a  laboratory and
duplicability among laboratores. Procedures wese
standardized; these were a modificaticn of that given
in NBS Technical Note 708.

The materials and products tested are shown in
Table 6. Qur average results are shown in Table 7. Our
replicatien was generally quite good. Also shown in
Table 7 are our resulis for maximum concentrations
of CO (carbon monoxide) and CO, (carbon dioxide),
abtained by sampling the chamber atmospheres during
the third test of cach exposuse condition for each kind
of material.

Samphing and Analytical Procedures. For each gas,
sampling was continuous at the rate of 500 ml/min
drawn from the {op center of the chamber by means
ol 2 vacuum system. Fresh air (total 1000 mi/min)
wis admitted to the bottom of the chamber near the
back. (For the 20 min of test time involved, this
amounted 1o about 0.1 chamber air changes per hour,
This ventilation rate secmed to have no ¢ffect on the
smoke density values obtained.) The samples were
passed through particulale filters — and in the :ase
of the sample to be analyzed for CO through a
presaturated carbon [filter - and then respectively
through individual nondispersive infrared specirometers.
Eich speclrometer was frequently calibrated using
cylinder gases of known concentration. In turn, these
cylinder gases were calibrated by means of 2 mass
speclrometer.

Values for CO and (0, were read and recorded
every 5 min during the 1est.

Results and T sssion. The smoke density values,
i.e. maximum specifi: optieal density and obscuration
time (T-16), are quite like those we have reported
previously for similar materials.?* 27 They will not be
discnssed fusther.

Table 6. Materials tested

Sample thickness

(mm)
I, Hardboard, unfinished 6.4
1. Particle board, untreated 9.5
3. Lauan hardwood plywood 6.4
upfinished, A-D
4. Hemlock, untreated 19.1
5. Hemlock, treated 19.1
6. Red oak 19.1
7. Acoustical ceiling tile i1
8.  Nonacoustical ceiling tile, 12.7
untreated
9. Standard gypsum board 12.7
10.  0.8-p.m high-pressure standard 19.9
decorare laminate, urea glue
on 19.]-mm vntreated particle
board
1. 08-mm fireretirded high- 19.9
pressure decoerative laminate
resorcinol adhesive, on 19.]-mm
treated particle boatd
12.  Linoleum 12
13, Wool plush carpet ~12.7
14, Polyester twist carpet ~12.7
15, Nylon twist catpet ~15.9
16, Acrylic carpet ~8.0
17 Fiberglass-reinforced brominated 2.5
polyester sheet
8.  Polyvinyl chlorine flooring 3.2
19.  Polystyrenc sheet 32
20. Polymethylmethacrylate sheet 31
21, Fiberglassreinforced polyester 25
sheat
22, Fiexible vrethane foam, high 127
resiliency
23. Rigid polyisocyanurate foam 127

Concerning the results for €O, we have recently
determined, using hlank ashestos-cement board
specimens, that this gas is not present in detectable
quantities under the nonflaming exgosure. However,
under the flaming condition, the pilot gas flame
accounts for a concentration of about 1.4% in
20-30 min of test time. Hence, the valuss reported in
Table 7 should probably be 1educad by thus wivount.

In regard to carbon monoxide concentrations, we
have segregated the malerials into various grouings,
less than 50C ppm, 500-1000 ppm, etc., as shown in
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Table 8, in an effort to categorize them if possible.
Inspection of this table shows that gypsum board and
the particular urethane foamn yield less than 500 ppm
of CO under either exposure. This can be explained
on the basis of the small amount of heat-degradable
materials involved, and the easy access of oxygen fin
air) to the degradad species.

At the other end of the s ectrum, red oak,
untreated hemlock, and both kinds f ceiling tile all
vield in excess of 2000 ppm under either exposure.
Under the nonflaming condition, the thickness of the
red oak and untreated hemlock and the compaction
of the hardboard and particle board, suggest that that
incomplete combustion is occurring within the sample,

Sy

thus leading to this high production of CO. The same
may hold trme for the red oak. untreated hemlock and
hardwood plywood, under the flaming exposure.
The high production of CO ficm the ceiling tile
samples may be attributed to the immediate charring
of the surface coating: this may have tended to seal
the base material so that oxidative degradation or
combustion occurred in 3 limited - ygen supply.
Conceming the treated hemlock and brominated
polyester under flaming exposure, fire retardants are
suspected o, interfering with the combustion process.
Hence, one would expect that combustion of these
kinds of materials would be such as to produce
significant quantities of carbon monoxide.

Tsble 7. Specific smoke chamber results obtained on ASTM round robin

materials®
Exposure condition
Nonflaming Flaming

Maximum Maximum
Material Due  Lig O €0, Ve g o,

Hardboard s19 30 .50 os® 9 51 1300 42
Particle board 522 26 3500 09 138 6.9 1400 4.2
Hardwoed plywood n 28 850 0.7 76 5.7 2500 29
Hemlock, untreated 2 3l 2650 09 481 3t 2750 33
Hemlock, treated 85 45 800 £ 01 1.7 2500 1.7
Red o1k 524 kX 2500 04 185 7.3 500 44
Ceiling Tile, 2coustical 318 15 4500 0.8 146 4.1 2500 24
Ceiling Tile, non-acoustica! 244 1.2 4750 08 126 44 2750 23
Gypsum board 54 3.2 300 0.1 20 3.0 300 0.9
Standard decorative laminate 453 2.7 1500 0.7 b H) 1.9 1850 3.3
Fire-retarded decorative laminate 169 26 500 0.2 60 1L 1990 14
Linoleum s15 19 100 06 390 1.2 550 9
Wool plush carpat 52 09 wo®  on® 87 13 1050 2l
Polyester twist carpet 413 29 1100 02 253 17 900 22
Nylon twist carpet 17 14 350 0.3 307 0.8 700 2.3
Actylic carpet 326 1.3 4350 0.2 262 0.8 510 20
Brominated polyester sheet 52 23 350 B3 467 0.3 200 19
PYC flooring 282 23 100 0.2 297 1.2 1500 L8
Polystyrene sheet 40 3.0 150 0 526 0.8 1100 4.6
Polymethylmethaerylate sheet 1] 57 A0 0 208 14 650 55
Fiberglass polyester sheet 457 28 250 18] 346 0.8 900 33
Polyurethane foam 83 0.8 0 [} 98 0.4 500 09
Palyisocyanurate foam ] 07 380 0 4] 04 650 L1

Drnc = moximum specific optical density, corrected for soot on optical syatem
1-16 = time (min) to reach Ds = 16 (Ds = spec optical donsity)

CO values ore in parts per million {ppm)
CO, wolues are in percent by volume

bAl 1§ min of expasure time; all other CO/CQ, concentrations were obtoined at 20 min of exposure time.
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Table B.  Analysis of
smoke chomber obtained an ASTM round sobin materials

Maximum €O (ppm)

cathon ide cont

Nonflaming

Flaming

r 500 Gypum board Gypsum board
Palyurethane fuam Polyurethane fnam
{" tarilad o N 1
Fibeiglass palyester sheet
Polymrthylmethacrylate theet
Folystycene shect
Brominated pulyester dheer
Folyvinyl chlaride fluating
Palylsacyanusate foam
Actylic carpel
Neton teist carpet
Woo, plush carpet
500 . 1000 Hazdwaed plywood Nylon twist camet
iveutlock, treated Polyester twist carpel
Linoleym Linoleum
Acrylic carpet
Polybsocyanurate foam
Fibergass polyester theet
Polymethlymethaeaylate sheet
1000 ~ 2000 Standard decorative Laminate Standard decorative laminate
Polyester twitg carpet Fireretarded Jecomative faminate
Hardboard
Particle board
Polystyrenc sheet
Polyvinyt chioride flooring
Wool plush capet
- 2000 Red oak Red o2k
Hemlock, untreated Hemlock, unteeated
Cciling tile, acoustical Celling tite, acousiical
Ceiling tide, non-3coustical Celling tile, non-aeoustical
Hardbogrd {fardwood plywood
Parlicle board Hemlock, treated
Brominated palyester sheet
DECOMTAMINATION e

Enhanced Filtration

For the past year, the Special Projects Division has
been working on o reimbursable contract for the
Division of Waste Management and Transportation
(DWMT) 1o extend the life of highefficiency
particulate air (HEPA) filters. These filters remove
ahorne particulate matter from a number of
radioactive waterials handling facilities. If filter life
could be increased, the following benefits would be
realized:

¢ Less handling of contaminated (ilters.

® Reduction of bulk of radioactive waste to be

processed and buried.

& Reduction of number of filters required.

We have considered several approaches which may
extend the HEPA filier service life. More efficient

prefilitering materials or technigues could be daveloped.
Also, particles cauld be coalesced into larger particles
and hence could be collected more - Ficiently by either
the HEPA or prefilter. For our initial experiments we
have chosen the latter technique, and will ateempt 1o
coagulate particles using electronic charging fechniques.

Experimental Design. Figure 29 shows 2 schematic
of the HEPA filter testing apparatus. Basically the
system consists of an air mover, derosol generator,
aerosol modification section, filier holder and service
life dingnostic cquipment.

A 1500.cfin (700-kitrefsec) capacity bower moves
a1 through the duciwork assembly. The flow {usually
235 litrefsec) can be varied using the adjustable
dampers ot the system infet and vutlet.
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Fig. 29,  Schematic dizgram of HEPA-filter service life measwement system,

A sodium chloride test aervsol is generated by
aspirating 2 2% salt solution into four alomizers using
compressed aur. The resultant droplets dry as they
move down. the duct and « solid, polydispersed aerosol
15 formed. Heaters are sometimes required to aid in
the drying process. and baffles are provided for proper
mixing. A recirculation pump provides a continuous
flow of solution inte the spray box.

The acrosol then passes into the particle
maodification section where it undergoes coagulation o
prefiltration. A condensation  nuclei  counter
continuously  monitors  the  particle  number
concentration. The 17 wo} then passes through the
filter under test, through a mass flowmeter, and is
exhausted outside the building.

Filter service life diagnostic equipment includes an
electronic  differential pressure  manometer which
monitors pressure drop as a function of time, and a
flame photometric sodium detector to measure filter
efficiency. Relative humidity, airflow and lemperature
are also recorded throughout the testing period.
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Preliminary Results. The pucticle modification
system is not yet quite complete. We have run three
filters to determine what the loading characteristics are
with no prefilter or particle agglomeration. These data

|
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o == Filter No.
j 0.8 weee Filter No. 27
5 o= Filter No. 3
T 0.6 .
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Fig- 30. Pressure drop as a function of time for 3 1o
500-cim HEFA fiten.
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are shown in Fig. 30. Note that the pressure drop
growth rate (slope) is about the same, but is displaced
slightly due to small differences in filter construction.

We conducted these tests with 235-itre/sec capacity

fillers which exhibited efficiencies pgreater than
99.95%. The salt concentration was appsoximately 10
pgflitre. This represents a fltes loading of abou
250 uglseclm2 of filter surface.
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Technical Notes

RADIATION PROTECTION

An Unusual Problem in Tritium Dosimetry:

Tritium in Glass

Glass microballoons having 2 diameter in the range
of 30 10 100 pm and s wall thickness of about 7 um
are used at this Laboratory as targets for laser fuswn
experiments. The micraballoons are filled with a
deuteriumtritium gas mixture by diffusing the gas
through the wall at high temperature and pressure, A
typical microballoon will contain several microcuries
of tritium after loading.

Preliminary hazards anaysis indicates 1hat these
microballoons will present little hazard so long as they
remain intact. I & microballoun is broken, a slight
hazard will exist for a short time due to the release
of the contsined tritium. However. 3 longterm
resdiratory hazard may exist because of tritium
contained in the glass fragments of a broken
microballoon.

We have examined the fragments of a number of

& The rate dissotution of the glass lagments {and,
hence. iriuum) i the lung as determined by the
rate of dissolution an simulated June Tud at
budy temperature.

With thesr data, we wil' be able to aleulate the
hazard involved dn hardling the  microballoons.
However, a preliminary otimate o relntive hazard can
be made by assuming the inhaled glass fragments are
cssentialiy insoluble (ICRP Ciass Y) w the lung and
are climinated wish a half-life of about T year. If this
is the case, an incident that depusits 100 uCi af
tritium in this form in the pulmonary hung will deliver
about 20 rad to the fung aver the course of the several
years required fo climmnate the tritium. Contrasted
with this, we find that 100 gCi of trinum mhaled as
water will deliver a dose of only 0.007 rad to the Jung
(and whole body).

Fission-Neutron-Scattered Dose Contributions

brcken microballoons, and many are in the respirable
size range. Further. we have confirmed that some
tritium is trapped in these giass fragments ard retained
for long time periods. Work is un-lerway tv determine
the “llowing:
o The particle <ize distribution of the glass
fragments from broken microbalioons,
o The quantity of ritium contained in the
fragments and i1s rate of diffusion from the glass
into the air.

-y¢ Detectors

f Entrance

Fig. 31. Hosizontal section depicts the shiclding of
low=scatter calibration cell and the locations of
mezsuting points.
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In the Low-Scatter Facility

The contribution of 4 scattered newtron dose 10 4
total dose was estimated with the use of the Morse-L
Monte Carlo Code®® and the 304roup L-Division
neutron libtary cross sections. Experimentally, the
dose equivalent was measureq with standurd neutron
rem counters, namely the Anderson-Braun and
2286-cm-diam Cd-luaded polyethylene sphere rem
counters. The results of this study indicate that the
contribution made by the scattered neutron dose rate
starts to become a significant part of the total dose
rate as the detector and neutron source separation
distance increases in the low-scatter cell. The ngjority
of the contribution is from the neutrons scaticred off
the concrate shielding. It is therelore necessiry to
incorporate this scattered dose rate when calibrating
the neutron rem counters.

The layout of the calibration facility and the
corresponding detector locations are shown in Fig, 31.
The cell is 122 m Jong, 9.14 m wide and 7.32 m
from basement to ceiling. The concrete shielding walls
and ceiling are 062 m thick. In Monte Cado
calculations, the basement floor of the cell (concrete
and earth) was simulated with 0.62-m-thick concrete.
The shielding door slabis 2.33 X 244 mand 0.46 m
thick. The elemental compositions of concrete and air
used in the calculations are given in Table 9.

The fast-fission neutran source was assumed to be
point-isotropic, and was located in the center of the




ctlibration  cell posinoned  3.738 m - abowe  the
basement flour.

Table 8. Materiat compositi
Atomic depsity

L E

The caleulated resubts are summarized in Table 10,
The Monte Cardo statistical eivors exclude the
uncertaidties in the library (ross sections. The
expesimentally measured results for the 2¢f neutron
scurce are summarized in Table 11. In both 1ables,
the dose-cquivalent rates are normalized to 2 source
strength of 1 n/sec. Dose conversions were made by
using the values published in JCRP Publication 21.

Materia) fsatope {atom ‘basn-cm) Both the Anderson-Braun and 22.86-cm-digm
Ar o 1000 « 10" sphere 1em counters were calibrated against the bionte
N 0% x 10 Carlo dose rate 2t x = | mandy = O m. Since the
Concaete " 1386 % 107 rem counters measure the total dose rate, the percent
c 1200 % 10 of nevtron-scattered contribution to a total dose rate
0 2582 x 107 in Table 11 was calculated with the use of the
- 1180 % 107 uncollided dose rate shown in Tabie 10.
Al 1740 x 16" The Monte Carlo calculations of scattered doses in
si 1063 x to? the +y and -x disection and toward the comners of the
Fe 3500 x 107 cell were not significantly diffesent from those
(a 1520 x 107 reported in the +x and -y direction at the same distance
from the source position.
Table 10. Monte Corlo results
Dose-cquivalent rate
Detectos position mrem /b
(metres) sovtce nfseC
% scattered
X y Uncollided Tota! cantribution
| 0 94587 + 0.0028 x 1077 10162 = 0.0076 v 107 6.92
2 0 23007 = 0.0129 x 1077 28268 : 0.0108 x 107 18.2
3 0 10278 + 00097 x 107 1.5840 2 00257 x 107 35,1
4 0 57336 + 0.0073 x 108 996% » 00194 x 105 425
5 0 3634 + 0.0037 x 10°° 79533 « 0022 x 10° 54.3
0 Nl 95579 + 0.0118 x 107 10119 + 00118 ¥ 10°° 5.50
0 2 23437 « 0011 x 107 28317 ¢ 00162 x 107 132
0 3 1.0120 & 00107 x 107 15934 + 00242 x 107 363

Tabfe 11, Experimentally measured results

Doseequivalent rate

Dete: tor pasition mremfhe Scatlercd contribution
{metres) source n/sec )
x y Anderson-Braun 22.86<m sphere Anderson-Rraun 22.86cm sphere
] 0 102 x 10° 102 x 10°° 692 692
2 0 226 x 107 a2 x 10’ 9.4 324
3 ) 177 % 1077 195 x 107 42.0 413
4 0 121 x 107 138 x 107 526 8.5
5 0 948 x 10" 11 x 107 61.7 67.3
0 -1 10 x t0°® 102 % 10° 5.4 63
0 -2 329 x 167 35 x 107 88 256
0 3 1.4 x 107 180 x to” 459 438
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AirScattered Fast-Neutron Dose Rate

The wrscallered fast-nentron dose rule curves
puhisshed m tie Reactor Handbook®® e {tequently
wlened W by the Health Physics staff for the
estimation ot skyshine and related problems, These
curves are based on caleulations perturmed by Wells®®
n the fate 1950's. Since that time, some rhianges have
hten made in scatler cross sections geneally used.
Welly also assumed 3 quality factor (Q.F.} of 10 for
the flux- to  hiologival-dose  conversion. Revent
coleufions with the MORSE-L code®® have di¥fered
from estumates made based on Blizard®® by abaut 3
factor of two. Using MORSE-L, we have recaleulited
whe ar-scattered fasl-neatran dose rate curves for those
neulton sourves most copmonly encountered. Fog
figures which follow (Fig. 32ad). the source neugrons
were directed glong the “source angle.” The resuling
“aiscalter neutron dose rate” was calculated in
Remehr rsource nesec” F al various distarices from he
sowree onigin. The Q.F's used for the flux- to
biolugicaldose  conversion were  interpalated (rom
FCRP 21 “Duta for Protection against lon:zing
Radiation from Externat Sources,” for_the 30group
neutron siructure reported by Wilcax.®!

Twenty batches o7 250 particles each were followed
for cach point at small angles. The katch size was
increased 1o 500 particles for the larper scatter angles.
The curves are drawn in on a visual best fit to the
data.

Nettton Spectrum at the LPTR Fast Neutron

Irradiation Facility

The Fast Neutron Irradiation Facility (FNIF)at the
Livermore Pool-Type Reactor (LPTR) provides a high
flux source of unmoderated fission spectrum neutrons
for experiments such as materials damage studics. The
FNIF, located in the east thermal column, involves the
exposure  of thermal nentrons to a pair of
uranjum-aluminum-alioy fission plates (Fig. 33). A
boral shutter can be used to start and stop the FNIF
exposures.

The neutron spectruin had been measured at the
FNIF in 1968.3% but changes in reactor configuration
and fack of daty below 0.01 MeV have contributed to
the nved lor 2 new measurement. As with dhe previgus
one, the measurcment was done with activation foiis.
The foils wsed {Table 12) include gold, iron, and
indiuin which were not used before. We did not include
magnesium and iodine  this time because the
1, '.g(n,p)”Nn and 1”I[n.2n)“61 reactions are used
as high-energy detectors, and were not really necessary
for these measurements.

Measurements were made al 2.5 and 25 ¢m from
the surface of the FNIF plate (Fig. 33). Six separate

irradiations were made (Table 13) to include the use
of all the foils, The measurements were made at reactor
power levels between 3 kW and 3 MW, depending on
the sensitivity of the foils used.

Results are normalized to 3 MeV. Cadmium, boron
wifers and the boron spheres were used to impress
a “thresheld” structure on the '”Au(n,ﬂ'“ku and
*"Pufn. fission) response functions for low-energy
specirometry. We prefer this approach (o the use of
resonance detectors fur measurernent of neutrons {rom
1078 10 1072 Mey.

The activation foils. with the exception of sulfur
pellets, are counted witha 7.6- X 7.6.cm Nal epystal,
and the general method has  hzen  described

235U plates

J (i
10
£ B sphere
J— f
3
o
I
g
é’ — Activatian
foils
1/4=in . =thick
| e
boro [ L0.040-in.
thick
Al can
0.375 in.
L thick
0.150 in.
thick

Fig. 33, LPTR Fast Newtron lmadiation Facilicy (FNIF).
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Table 12.

Activation foil summary

Enctgy range Weighted cross sections

Foil Reaction Shield (MeV) {bams)

Au '°7Au(n.-y)wBAu None Thermal 67

Au ’”Au(n.y)ms,\u €d-0.051 cm 504+ 107 Used for LOUHL caleulations only
Au 197 autna) *Pan 198.0.23 goem’? 210 Used for LOUM! calculations only
Pu 2py(n fission) 1%.1.65 grem™? +9.01 170

Np 5 pn fission) tog? >0.60 165

tn S i 10g? 10 0.24

v 238y(n fission) togs 215 0.55

Fe HFetnp “Mn 10g3 25 0.30

s Hgmmp 10g »30 £.30

Al T Alna?Na 19 378 0.07

It Pz 10 4.0 29

3488 ysed for threshold detectors o suppress possible contaminants from thermal reactions,

Table 13. FNIF run symmary
Reactor power Imadiation time Distance to plate
Run {MW) (sec) Foils used (cm)
1 0.003 600 2.5
2 0.003 1800 2
3 0.03 600 Pu.Np,UjInS 25
4 0.03 600 PuNpYInS 25
s 3.0 600 Al ZrFelnS 15
6 3.0 1800 AlZrFednS 25
Table 4. Summary of FNIF flux measurements {n-om2-sec”'@ 3 MW X 1919
i 2.5 ¢m 25 em
Lnergy
{MeV) New 1968 values New 1968 values —
<04.10° 0.2 - 0.28 -
2001 158 164 .64 047
206 164 .19 0.37 0.36
210 221 - 0.274 -
215 1.54 1.3 0.185 0.203
»2.5 0.84 - 0.088 -
»30 064 a60 14.067 -
#15 0.026 0.022 0.0025 0.0025
214.0 000012 0.00011 0.000011 -
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before 3 The sulfur pellets are counted with a gas
flow proportional counter, while the fission fails are
evaluaied by track resistration which has also been
described before.?

Prediminary finx eslimates were made wsing the
familiar activation equation:

o Y

eEN( - Ty

where ¢ = neutron flux,

C = measured activity in nel counts per
second at thne t,

P
"

decay constant of the induced activity,

= time elapsed from the end of the
irradiation to the midpoint of the
count,

= reaclinn cross section,
overall counting efficicney,

Z ma
"

number of atoms of the parent isotope
present,

T = length of the irradiation time.

The 1esulis of these estimates are shown in Table 14
with previous values for comparison.

A mare desthetic. if not more informative spectrum
estimate was made with the LOUHY computer
unfolding code M [.OURI, which has been described
in a number of recent propress 1'eporiﬁ.33'35'36
evaluates equations of the form

k
AJ = CJ z % <,‘Jh A En
n=|

where A, = wesponse of the jth detector,
€, = a normializing factor,

D, = fespome of the jih detector in the
«th enesgy band,
"The imadiations were short compared with the hall-lives of

the induced isotapes, so (1 -¢"") isapproximated by AT and ¢
ia takey from the mdpoint of the irradiation.

M A N
T ]0‘8 LA LI ML H M R
> 2.5 em from FNIF mwe
2 25 cm from FNIF e
|u E
A X ]
o~ 12 -
0T q
Y]
 F .
§ | ]
R d
i’ |
‘06 I B
1078 107 107t w02
Energy — MeV/

Fig. 34, Differential neutron spectra from ENIF at 3 MW,

¢, = flux or fluence in the #th energy
band.

and AE, = width of the uth emergy band.

We have gained confidence in LOUN! from previous
measurements by compatison of cmputed spectra
with hand-calculated values and, in some cases,
computer predictions of the speetia. The LOUHI
calculated values for the FNIF also seem to be in good
agreement  with hand calculated valves, Figure 34
shows the computer-produced spectrum.  The
differential and integral values ave presepted in
Table 15.

The overall results show a slight invrease in flux
levels over the 1968 values, with the most pronounced
inicrease  occurring  below 0.5 MeV. The LOUHI
integral values are lower than the hand-calculated
values by 10% to 15% up to 7.5 MeV. The o
high-energy bins which correspond soughly 1o the
aluminum and zirconium results are fow by a factor
of two or more. We suspect the low values may be
an artifact of the calculation associated with the
high-<nergy bin, and should be used with caution.
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Table 15, LOWH! cafculated ENIF fluxes at 3 MW

Lower cnergy i
et e Differentigl fAux in

encrgy bond (e uger Mev™) e 10

(n-cm'z-sec" X lﬂw)
ﬂ B om

25 x 108 1" - -
X0 2.15:10 7.56:10'
2 X 10 1.22-10'° 249:10'° an 1561
s ol o 401 0.861
12 x 107 8.38:10'% 279.10"° 8 i
o 19510'% 9.73.10™ 6 o
307 1.07-1o'f 366+10™ 9 ot
54 x 107 2.07-10%° 13810 e o
20 x 107 16310 5.74.10" ris or
25 x 10°° 6.91-10"? 258-1013 3o o
5 X 107 3.12-10' 126-10"3 - e
2 x 107 1.50-10'3 6.69-10'2 s i
0 x 10 7.714-10' 3.87-10"2 5 s
12 x 107 4.22-10"? 2.39-10"2 iy e
2 x 10 243.10' 157-1012 e be52
2107 147-10"2 107-10"2 5 5%
4 x 0 927-10M 7544101 2l v
o1 107 6.07-10'" 5.39-10" sl 0esd
s x 00 4.10.10" 383.10" 5 -
28 1 107 284.20" 2.78:10"! o e
2 x 107 20210 197-10" o o ;;
12 x 107 147-10" 1.37-10" o 6 ‘
12 X107 109101 9.48-10° e ol “
32 % 107 8.24-10'° 6.49-101° " py ;3
54 % 107 6.36:10' 444101 e ets ‘
410 5.0010' 3.06:10"° " o6 |
225107 40510 2.14-10%° 0 iy |
o 1,34.10" 153100 ” et ;
42 x 10 283-101° 112-101° - s ‘:‘:
7.1 x 107 245-10'0 8.54-10 o 057 |
0] 217-10" 6.68-10° s o5 ‘I‘}
L x 1.94:10*¢ 5344107 o o5t |
13 x 10! 1.7510'° 4.30-10° o ort ;
B 1.54-10'° 137.10° o oin r\‘
9.2 % 107! 1.28-10'° 246110° " oo i
2L 9.39:10° 1.54+10° s oss |
0] 5.14-10° 772108 :.95 o166 .
%20 3.44-10° 3.73-108 o ot
i satae s 0.774 0.0812
72010 2.2¢-10" 201-10° 0.225 0.0219 i
: ) o 00108 000102 '
. 000013 0.000012




ENVIRONMENTAL PROTECTION

Monitoring Ground Water for Pesticide Residues

Pesticide use on the LLL grounds is highly divesse,
and over the past several years has included more the
35 different materials, These consist principally of
herbicides and [ungicides, bul also include some
insecticides, notably chiordane and malathion, Most of
these materials do not show a regular pattern of heavy
use, and are not cxpected to accumulate in the soil
and ground water. In addition. the persistence of mest
herbicides is markedly lower than that of chlorinated
hydrocarbon insccticides such as dieldrin or pp13’

Several routes exist by which pesticides, once
applied, can leave the site: Entrainment in surface
runoff water, evaporation, and a number of
degradation pathways including microbial/enzymatic,
solar imadiation photolysis, and hydrolysis reactions.
Of these, the first was of primary interest to us, and
a study of the effect of pesticides on the local ground
water was begun in 1973,

Because of the variety of chemicals to be
determined, 2 versatile analytical system consisting of
a  Finpigan  3000D gas  chromatograph/mass
spectrometer was used. Surface water samples were
taken at the northwest comner of the site where the
storm drain runoff leaves the LLL grounds, Sampling
included the first and second surface runoffs of the
season, which were experred to contain the highest
contamninant levels, A combined 10-litre samplz was
multiply batch-cxtracted with ether, which in tum was
dried and reduced in volume in a rotary evaporator

| 5

A2 “he 7 8910

d 1 ] L [} [] [1 [
2 4 6 8 1012 14 16 18 20 22

Retention time — min

Fig. 35, Total ion current chromatograph of drainage ditch
extract. Pesks 1,5: phthalate esters, Peaks
23467 hydrocarbons.  Peaks  8,9,10:
polychlorinated biphenyls.

at reduced pressure. Final volume was 1 ml, providing
a concentration factor of 10*.

Most of the compounds of interest were directly
chromatographable without further treatment. Samples
| gl in size were injected onto a 3% QV.]
{methylsilicone) column which was temperature-
programmed from S0°C to 190°C. A total ion cusient
cliromatogram is shown in Fig. 35,

Results. No residues of pesticides used at LLL were
detected in the concentrated extract. Chromatogra-
phically separated materials in  concentrations
sufficicnt for mass spectrometric identification were
either hydrocarbons or phthalate esters. Materials
leached from roadways and roofs are the most
probable sources of the hydrocarbons, while the
phthalates were at least in part introduced from plastic
materials vsed in handling the sample. Steps have been
taken to reduce this source of contamination in future
analyses.

Limited mass searches were made for molecular
fragments diagnostic of polychiorinated biphenyls. By
focusing on a narrow characteristic 2nge of mfe,
detection efficiency is greatly increased. The molecalar
ions of tetea- and hexa-chlorinated biphenyls have mfe
ratios of 290 and 358 amu, respectively. Several
chromatographic fractions at high tempe: ature showed
evidence of both these moieties, and thus of
polychlorinated biphenyls, at the 10-100 perts per
trillion level in the original sample.

The origin of these materials is problematical, since
they are so widely used and dispersed in the
environment. [t would seem, however, that the levels
found by us at LLL approximate normal background,
based on levels reported for scawater.

Total putflow of water, and thus of entrained mater-
ials, from the Laboratory grounds unfortunately cannot
be measured. The future installation of a gaging station
would permit such an estimate and the assignment of
a probable upper limit to owtflow of enirained con-
taminants. Monitoring of the ground water has been
resumed on a quarterly basis during the 1975 calendar
year,
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INSTRUMENT DEVELOPMENT

Calibration of Proportional Counters

for Neutron Spectrometer

A neutron spectrometer system has been developed
at LLY for use as a health physics instrument. It has
a variety ol types of detector. including several
proportional counters. To reduce the data obtained
with this system s well as 1o optimize performance,
the characteristics of each detector have been
determined with respect to:

® Neutro.. detection efficiency.

® Puise height resolution as a function of anode

voltage.

® Gas mulliplication factor as a function of anode

voltage.

In addition, for measurements in the field it has
been necessary to develop a method of system energy
calibration which is independent of available neutron
sources. This report concerns the resolution and gas
multiplication  characteristics of the proportional
counters used in the spectrometer system.

Experiments. Several proportional counters were
exposed to Ilifl;ly thermalized neutrons provided by
moderated ~7°Cf and PuBe sources. The (np)
reactions with thermal neutrons in nitrogen pas (a 3%
constitucnt of hydrogen proportional counters) or in
He produce ionizing charged particles which deposit
a fixed amount of energy in the detector. The effective
energy deposited”” " is:

615 kev
770 keV

1y (n.p}“(‘
3 3
He (np)’H

A peak is produced in the pulse height spectra
obtained under these conditions. Its location is
dependent upon electronic gain and detector gas
multiptication. The width is indicative of the system
energy resolution.

Each detector was calibrated as  follows:
Pulse-height spectra were obtained at different anode
voltages using a charge-sensitive preamplifier and
conventional spectroscopy electronics. The FWHM of
the (n,p) reaction peak was measured, the centroid was
located, and the zero energy inl.-cept was determined
using a linear pulser. To determine the charge collected
following an (n,p) reaction, 2 “tail pulser™ was adjusted
to deposit an equal charge at the preamplifier input
through a small calibrated coupline capacitance. The
shape of the pulser output was adjusted to resemble
the detector charge output, ie., 7, ~ 5 psand
Tan ™~ 1000 gs. Caleulation of the charge deposited
was carried out according to Eq. (1) below:
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Q=
where € = coupling capacitar ce,
V = peak pulser voltage. h

At each anode volrage. the gas multiplication fuctor
was caleulated according 10 Eq. (2) below:

G = charge collected )

initial charge pioduced

where £, = effective energy deposition,

W0 = mean iopization energy of the gas.”

e= electronic charge.

Results.  Physical parameters describing each
detector are given in Table 16. Results of the
resofution measurements are shown in Fig. 36. At low
anode voltage, resolution is limited by electronics noise
since the gas multiplication is low and output pulses
are small. Resolution at large anode voltages is
presumably limited by pon-uniformities in  gas
multiplication and charge collection. The data shown
may be used to establish a proper anode voltage for
optimum resolution.

Rasults of the gas multiplication measurcments are
shown in Fig. 37. An attempt has been made to fit
the gas multiplication data for each detector to the
well known analytical relation of Diethorn:*2

lopG= V[alogV+b] (3)
where a,b are parameters,

V = anode voltage,
G = gas multiplication factor.

Data obtained for the hydrogen progonional counters
fit this relation well, as does the *He data at large
gas multiplication. Values for the parameters a and b
based on least-squares fits 1o the data are included in
Table 12. At low multiplication, the IHe proportional
counters deviate from Eq. (3). ilopstune43 has
proposed an improved relation [Eq. (4)] for *He.



Table 16. Proportional counter characteristics

l.ength
of sensitive Cathode Anode 3
volume, L diameter, D diameter, d Gas Diethorne Parameters
(cm) (em) {mm) fill a b
254 381 0.025 3am W, 210 x 107 0015
013 am N,
043 atm CH,
457 5.08 0.025 20 atm H, 14 x 107 41 x 10%
i atm N2
453 5.08 0.054 4 atm e 220 % 107 2016
4am A
T
152 25 - 4 atm He 432 % w3 450
457 5.08 0.025 4 atm “He 243 x 107 0017
Aatm Kr
v =a[?d log %]0'35 ftog G](HS Determination of parameters ab for our ‘He
proportional counters is in progress.
D Conclusion. Laboratory energy calibration of
+b[Pdlog 3] @) y eneipy
hydrogen or “He proportional counters is nomaly

where a,b are parameters,

P = tota] gas pressure,
Dd = cathode and anode diameters, tespectively
respectively,
V = anode voltage.

e L
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Resolution — 9%
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Fig. 36. Proportion2l counter rtesolution versus anode
voltage.

accomplished by locating a peak in the pulse-heipht
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Fig. 37, Proportional counter gas multiplication factor.
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spectrum due to the (n,p) reaction with thermal
neutrons. However, when these detectors are used for
field measurements, a suitable source of thesmal
neutrons is often not available. Altematively, the gas
multiplication characteristics shown in Fig. 37 may be
used to establish a celation between enetgy deposited
in the detector and the amplitude of detectar output.

Energy calibration is then accomplished by using 2
pulser to depasit a known chatge at the preamp input
and adjusting the electronics gain for a desired pulse
height at the analyzer. Figure 37 is then used to relate
the known charge input to an equivalent energy
depogition in the detector. An enesgy calibration is
then obtained without a source of thermal neutrons.



DECONTAMINATION

Decontamination of Gloved Boxes
by Acid Wash

Waste material contaminated with more than 10 nCi
of transuranium isotopes per gram of waste has to be
packaged to remain intact and transportable after 20
years of storage at an ERDA-controlled site. ERDA
also wants the volume of waste that sequires retrievable
storage to be reduced.

Gloved boxes used for work with transuranium
isotopes invariably decome more highly contaminated
than 10 nCifg. Decontarnination is the only way to
avoid the expense of packaging such gloved boxes for
longsterm  storage.  The usual method of
decontaminating gloved boxes is to wipe all surfaces
with swabs of absorbent paper wetted with a solvent
or with a detergent solution. Wiping is repeated until
the concentration of contaminant has been reduced to
the desired level. This is a tedious and time-consuming
procedure.  Frequently, it i5 the only acceptable
method when the equipment inside is costly and must
be retained. However. discarded gloved boxes need not
be treated so pently We have devised a method to
decontaminate such gloved boxes quickly and with a
minimum of effort.,

Rapid decontamination is achieved with an acid
spray treatment. The spray solution is 30% nitric acid
with 1% of hydrofluoric acid added. A 6-mm (1/4-in.)
pliable plastic tube is inserted through a convenient
opening or through a hole made in a glove or in a
window. For a gloved box of noimal size, about 1 litre
of acid solution is pumped into the box with a small
rubber-vaned pump. The uvperator constructs the end
of the tubing to produce 1 fine jet and directs the

Fig. 38,  Acid decontamination system for gloved hoxes.

acid to all internal surfaces of the box. When all
surfaces have been wetted, the box is allowed to stand
about an hour to give the acid time to dissolve the
transu;anium isotope lodged in the sutface pores of
the box materials.

Much of the acid drains to the floor of the Lox.
This is not a loss since the flcor is usually more highly
contaminated than any other part of the box. The acid

Table 17, Summary of decontamination of gloved boxes by an acid

wash method

Contamination
2B9py (9 boxcs) 33y (3 boxes)
Average Range Avenige Range
Initial contamination determined 14 5 5
by swipe samples (dpm/cm?) ax 10t 10°10 B x L 10%-19°
Direct reading with alpha probe
after acid wash (dpm, em?) 7x 100 10%16* 3x 10° 50-10°
Total activity removed as
sAermined with a drum counter
Liquid waste (dpm) 10! 8 x 101%2 x 10" 6 x 10'? 1008 x 10'°
Dry waste, including box gloves (dpm) 2 x 10'° 10°8 x 10'° 1x ' 2% 16%4 x 1000
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solution is removed through ancther plastic tube to
a 20litre (5-gal) plastic carboy by suction, The system
is shown open in Fig. 38. The carboy is enclosed in
a metal container with the end of the suction tubing
well dJown in the neck. A vacuum pump evacuates the
metal container 1o provide suction for the tubing that
removes the acid solution from the box. An in-line
filter protects the vacuum pump from contamina-
tion, and a small HEPA filter on the exhaust
of the pump provides backup protection against the
release of contaminant into the room. When the acid
solution has been removed, the interior is sprayed with
water 1o wash away the residual acid. The rinse water
is removed to the carboy by the suction system. The
interior is rinsed again and the water is removed by
suction. The visible water remaining is removed with
absorbent paper wipes. When the interior has air-dried,
an alphe survey meter probe is inserted to make 2
direct check of the concentration of the contamination
that remains. [f the level is not below 10 nCifem®,
the acid wash is repeated. When the level is low
enough, the box gloves are removed since they retain
considerable fixed contaminant.
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Since May 1974, twelve gloved boxes have been
contaminated by this methad. In only one instance
was it necessary to repeat the acid wash. After
decontamination by this methed, the gloved boxes
were disposed of in the less costly packaging required
for burial of radioactive waste at a commercial disposal
site,

A summary of the radioactivity levels during
decontamination of the ploved boxes appears in
Table 17. The values have been rounded off in view
of the uncerfainties inherent in trying to obtain
representative samples. However, in each case the
weight of the gloved box was well over 1 g/cmz, 50
all the boxes were decontaminated well below the level
requiring retrievable storage.

Decontamination of a gloved box by the acid wash
method takes about one man-lay of effort. Packaging
aglaved box fat cetrievable storage costs the equivalent
of nearly two man-months. Packagirg the gloved box
to also meet the transportation regulatiors costs well
over a man-year. Decontamination of a gloved box
reduces the volume that has to be placed in retrievable
storage by a factor of 100.
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G, 0. Nelsan and R. D. Taylos, Chlorine and Hydrogen
Chivride Testing Svstem Revised Operating Manval,
Lawirnce Livermore Laboratory. Rept. M-D60 (1975).

The Chlosine and Hydrogen Chloride Cartridge
Testing System measures the effective cartridge and
canister -ervice Jife under the conditions set forth in
Titfe 30 CFR Part 11. A cartridge is subjected to test
concentrations of 005, 05, or 2.0% at 32 ur 64
ltresmin and 507 relative humidity. An analyzer i
placed downstream of the cartridge, and the effluent
concentration is monitored as a function of time.
Upstream and downstream temperatures arc measured
continvously throughout the test.

T. R. Crites, Aa fxperimenal Study of the Encegy
Dependence of an Alhedo-Type Neutron Dosimcter,
Lawrence Livermore Laboratory. Rept. UCRL-77028
{1975).

The response of a simple albedo-type personnel
neutron badge was cxperimentally determined using
varipus neutron spectra. The energy dependence of this
type hadge is discugsed relative to dose-cquivalent
determinations. Computer calculations were performed
fo substantiate trends found experimentally,

T. M. Distler and Y. M. Kwok, Toxic Vapor Hazard
of Heaied Mock High Explosire, Lawrence Livermore
Laboratory, Rept UCID-1676% (1975).

Three types of muck high explosives, 90503,
LM-D4, ang RMO4-BF, were pyrolvzed in 2
temperature yange heiwean 2007 and 700°C, and the
gascous products were then analyzed. Isocyanic acid,
hydroger cyaniue, and cyanogen were found in the
proJuct gases.

3. R Gaskilh, M. W. Magee and R. G. Purington,
Plienomena Qbserved with the Use of Halon 1301 on
Burning Lxplostves. Lawrence Livermore Laboratory,
Rept. UCRLI6941  {1975) (submitted 1o Fire
Technology).

To angwer the guestion as to whether Halon 1301
would be effective in extinguishing buming explosives,
05kg sumples of three  different  explosive
formulalions were individually ignited in a large cubical
box; in cach case after the material was buning, the
bon wiss flooded with 70% {voly of Halon. In two cases
out of chree, the fire was not extinguished.
Furthermore. large quantities of bromine gas were
generated. This gas production can cause o hazard to
unprotecied firefighters.

Walter L. Eneidi, Robert D, Tayior, an Air-Purifying
Powered  Respirator  Pack, Lawrence  Livermore
Laboratory Rept. UCRL-75183 (1975 Xsubmitted to
the American Industrial Hygiene Assn. Journal).

Design and construction of a moderate-weight,
battery-powered respirator pack i described. Two
variations have been fabricated. One weighs 9 |b and
is able to maintain pusitive pressure within a full face
mask for 4 1/2 r, while the larger unit which weighs
15 b is usable for approximately 10 hr.

R. V. Griffith, D. R, Staughter and T. R, Crites, LLL
Speciz!  Projects  Division  Research in Neutron
Measurements  Technigues,  Lawrence  Livermore
Laboratory, Rept. UCRL-76944 (1975) (submined 10
Fifth ERDA Workshop on Personnel Neutron
Dosimetry, Washington D. C., May 6 and 7, 1975).

Recent work in  neutron  dosimetry and
spectrometry  development is summarized. Brief
discussions are presented on multisphere systems,
high-tesolution spectrometers, an albedo dosimeter and
track etch detectors for personnel dosimetry.

Dale £. Hankins, Studics of Neutron Losimerry at the
Lawrenee Livermore Laboratory, Lawrence Livermore
Rept. UCRL-76808 (1975) (presented at ‘ne Fifth
Workshop on  Pemsonnel  Neutron  esimetry,
Gaithersburg. Md.. May 6-7. 1973).

Several aspects of neutran dosimetry were studied
and are included in this report. These ame (1) A
praceduge for the evaluation of neutron exposures by
using the results obteined from the LLL personnel
TLD badges. Since the TLD badge responds primarily
to thermal neutrons, a method of relating the readings
from the badge to neutron exposures had to be
established. (2) A summary was given of the results
obtained from studics at reactors, plutonjum facilities,
storage areas, accelerators and radiociicnvistry buildings
lo determine the calibration factors that would be
applicable for euch facility. The differences in these
calibration factors are used to evaluate the usefulness
of albedo neutron dosimeters at those [acilities. (3)
Additional information on the directiona) response and
the energy dependence of four neutron remmeters was
presented.

Yen Mee Kwok, Evaluation of the Spectrophotometric
Determination  of  Traces  of  Sclenitenr  with
2.3-Diaminonaphthatenc, ~ Rept.  UCRL-77017
(1975)submitted to Analytical Chemistry).
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The tentattve method of amalysis for selenium
content of atmospheric particulate matter is a
photometric pracedure which requires separation of
foreign elements from the reaction solution. This study
was done to evaluate the method which was ultimately
modified for the analysis of selenium in sewer water,

D. S. Myers, The Bivlogical Hazard and Measirentent
of Plutoninae, Lawrence Livermore Laboratory, Rept.
UCRL-76571 (1973) (presented at the Radiological
Defense Officer's Conference. South Lake Tahae, Oct.
1325, 1974).

Ever since its production in 1941 by Glen Seaborg
and his co-workess. the element plutonium has received
a great deal of attention. As the amount of plutonium
in the global inventory has increased and its
applications have become more widespread, research
involving and controversy surrounding this element
have been further intensified.

This paper briefly summarizes (1) the basic
characteristics of plutonium including its uses, its
physical and chemical properties, and the types and
amounts of radiation it emits; (2) the biological effects
associatad with exposure to plutonium; and (3) the
technigues for measuring plutonium. The emphasis is
on the measurement of plutonium with portable
instruments in the field.

Byron N. Odell, Supporring Documents for LLL Safery
Avalysis  Reports  Livermore  Site,  Lawrence
Livermore Laboratory. Rept. UCRL-51801 (1975).

The following appendices are common to the LLL
Safety Analysis Reports Livermore Site, and are
included here as supporting documents to those
reports.

A Description. Population Distribution, and Land
Use
B A Geological and Seismological Investigation of

42

the Lawrence Livermore Luboratory Site

C Meteorolopy

D Tormado Criteria for the LLL Site (To be
supplied)

E Characteristics of California Tornados

F Surface Water Hydrology

G Ground Water Hydrology

H Lawrence  Livermore  Laburatory  Quality
Assurance Program

[ Envionmental Monitoring at  the Lawrence
Livermore Laboratory 1974 Annual Report.

R. G. Purington, Friction-Loss Studies Using a
0.0127+m Fire Hose, Lawrence Livermore Laboratory,
Rept. UCRL-76511 (1975) (submitted to Fire
Technology).

Friction loss studies using polyethylene oxide
injected into a 0.0127-m fire hose show about a 45%
reduction in friction loss.

W, J. Silver, C. L. Lindeken, J. W. Meadows, E. H.
Willes and D. R. Melntyre, Environmenial Monitoring
at the Lawrence Livermore Laboratory, 1974 "Anial

Report, lawrence Livermore Laboratory, Rept.
UCRL-50027-74 (1975).

An environmental surveitlance program is conducted
at Lawrence Livermore Labaratory 1o ensure that the
Laboratory's effluent control program is indeed
testricting the release of effluents [romn the Livermore
site and Site 300 to concenirations well beww
applicable standards. The program includes the
collection and analysis of air, soil. water. sewer
effluent, vegetation, and milk samples. Environmental
background radiation is measwed at numerous
locations in the vicinity of the Laboratary by means
of thermoluminescent detectors. The results of the
analyses are provided in this report.
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