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WOUND COUNTING WITH SOLID STATE DETECTORS

Lithium-driftad s{lioon detsotoro ocai be used to
acourately measure (20,2mn) the depth of typtoal

Investigator:
K. L. Swinth

roint aources of plutonium, bdbut dietriduted
souraas introduce larga errors. The effaots of
line sources and surfuce contamination on dapth

eatimition are presented.

IHTRODUCTION

Due to the great radiotoxicity
of plutonfum, accurate and rapid
asseesment of the quantity and loca-
tion of plutonium materfal praesent
in a wound muat be made in order to
determine a course of action, Most
comnonly a2 thin Nal{(Tl) crystal
mounted on a low-noise  photomulti~
plier {s used to locate the matertal
fn a wound,

However, & simple scint{llation
detector, although quite sensitive,
does not give adaquate in’~rmat!lon
as to the location of i{mbedded w.t~
erial, Its use realizes reasunable

X-Y resolution but no depth {nforma-

00tz201Y

tion, Ilmproper location of imbedded
materisl prior to excisicn can rp-
sult in further spread of the con-
taminant within the wound as well as
unnecessary trauma,

The recent increase of interast
in solid state datectors and impro-
ved performance st low energics
suggest their uee {n wound counting.
The lithium-drifted eiflicon or ger-
manium detectors ran resolve the L
X rays of plutonium from which the
depth of an (mbedded source can be
estimated by the differential ab-
sorption of the X rays. The general
features of drifted detectors are
discussed in relation to wound coun-

ting and they are compared to sod{um




{odide and surface-contoured detec~

DISCUSSION

239?u is generally detected by
the emission of its daughter's threes
L X raye at 13,6, 17,2, and 20,2 keV.
At  these
coafficient cf tissue varies rapidly
and the relative intensities of the
X rays give an {indication of the
amount of dinterposed tissue, Pre-
sently used NaI(Tl) detactors will
not resolve these X rays; howaver,
using eolid-state detectors with
cooled preamplifiers

encrgies the absorption

produces fine
regolution such as that
Figure 1. The system resolution
{8 0,7 keV @and 0.8 keV full width
at hslf moximum (FWHM) for the
zalAa (daughter of 2“Pu) gaxma rays
st 26,4 keV and 59,6 keV, respect-
i 11y,

shown in

-----

Nag 06828166-14

FIGURE 1 = Plutonium Spsotrum
10 keV to 70 keV

FIGUH
0012015
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Thess gamma rays, present in all
plutonium samples, produce intensi-
ties varyirg with the sample frra-
diation history and timec since sep-

(2)

sration. Although not resolved
from the 239Pu X-rays, zalAm also
emits L X vays. This causes the X-
ray intensity to vary with isotopic
composition,

Figure 2 shows the calculated
intensity of the X rays above 8 1 cn
vaiform line source {mbedded in tis-
sus at an angle of 45°, One can see
the variation 1in intensity of the
three X rays wit! depth, This var-
iation can ts wused to estimate the
aversge depth of 3 source after s
mothod first described by H,E, Pal-
Ber, ot .1.(3) The depth of the
line source msy bs measured (calcu-
lated) as 1 ma less than an equiva-
lent point source pleced at the av-
erage geonotrical depth., This re-

sulte in an under-estimation of the

[ -4
2 Sum FIssul Suaract
- ] -
»
17 sev
g
s I y / e
,:_ 15 ey (FLLRY T {4
£ ///

SETECION POYITION

Neg 0682166-2

PIGUAE 8 - Caloulated Intensity
Variation Above a Line Sowuroe
Imbedded at 46° ™ TMasue



‘utilising 8 |
mil {nside diamster  polysthylene
‘tube were placed in a vater phantom

" of ~this geopetry wera usad be-
csuse they were easy to mske and

of fine slivars of matal,The sources

;v20 7 cP'ov the low 30010tr1cul effis

sinute ot 1on;¢r counttn; partodo.
The buckground rates at the X-ray
‘energies were 1,2 counts/min, at
13,2 ke¥, 1.4 cpm at 17.2 keV and
1,0 cpm at 20,2 keV,

~ RESULTS

¥’ 're 3 shows results obtained
vith e 0,5 ¢m 1line source inclined
at 0°, 45°, and 90° to the horiton-
tal, Ths cpm ratios of the

13 keV
0kav * *™ 17Tkey X Toys ere

plotted on the figure against the
average gsometrical depth, Although
not ancrcnt on this figure,a slight

;nnoun: prolcnt by ubout BX whcn colr;f!
‘pared to an squivalent point sourcc.Fﬂ :
?L By cxpt:tnont lnd cclculltton wo’};if‘l
attespted to tclcco _khe_ effect of -
idio:rtbutcd oourcon on tbo dc:crnin~'
'ation of tho dopth nnd quantity o!\
 dlle1th ultorlcl in woundc.‘&n For * .
-~ the nxpartucntnl vork, " 1ine sources .’
zggtuyloolutton ina2)"

‘at various depchs and angles.Sources -

seemed to be & reasonable siaulation -

;cxhibltcd— dn ac:ivtty of sbout 0,10 -
i)"c"”” Even 3h°°lh the blck.round"“’

vate from 10 keV to 70 keV was only %{( ovm%‘%"m”:”
i ] [

_ctency mede it necesssry to use 20

i xon;th indicated cnytncrccla tn';;f
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the intercept, or oapcratton of :hc"f* 
exponentisl curves, with 1ncro¢utu;h‘»
geometrical lcngth. However, no
significant change 4n the slope of
the ratios was noted and using the
svorage exponentisl length rather
then the geomatrical length brought
the curves intc coincidence, e

Yor purpuies of simplicity, the
average geometricsl length is ade-
quate to deternine  denth for source
lengths up to about 1 cm, Note that 5



0.87 cm separate the 13/20 curves
for a point and J cu line sources
while the separstion cetween a 1 cm
line source and point source is less
than 0,25 cm but greater then the
.1 cm indicated by previous caslcu-
lations, The effect is less for the
other ratios,

Figure 4 shows results similar
to Figure 3 for a 1 cm line source.
Statistical daeviations do not appear
on the previous figures; however,
one does need to know something
about the statistiiul serrors in
order to evaluate the method, Fig-

ure 5 showr the standard deviation

RATIO

0 . r l A 1 41_——»J
[ 1.0

AVIRALE JiPIW ()

Neg 682166-5

PIGURE 4 - Variition of X-Ray opm Ra=
tioe For a 1.0 om Line Source vs, Dspth
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PIOURE & - Standard Deviations for

tha Three X-Ray opm Ratios as a

Pototion of Depth
of the ratio plotted as s percent of
the mean ratio for a 0.5 cm 1line
source of 0,145 uCi counted in a
horizontal position for 20 minntes,
The ratio of the 17/20 keV X rays
appears to be statistically better
except at lov enargies vhere the ra-
tio of ths 13/17 keV X rays bacomas
more favorable. This needs to be
interpreted i{n light of the slopes
of ths ratio curves. Figure & shovs
the standayd deviation in mm as
interpruted from the slope of the
ratios, We nov see that the ratio
of the 13/20 keV X rays is uniformly
more favorable as long as there are
enough counts in the X-ray peaks.
inis figure indicates that the mat-
erial imbedded at an aversge depth
of less than 5 o~ cat be located
vith en accuracy of 20,5 mm {n 95%
of tue cases, Ths same relative ac-

curacy may be obtained up to depths



of about 1 cm, but beyond this
the accuracy deteriorates rapidly,
One must recall that a devistion
grester than the statistical error
is caused by the effect of using the
geomecrical aversge depth for line
sources.

Surface contazination or similar
changes in thy distribution of scti-
vity with depth causes Iimportant
errors in the estimation of effec-
tive depth, With ap

amount of surface contamination pre-

equivalent

sent, 8 1 ca long source at 45° with
8 normal asverage goeometrical depth
of 0,37 cm, will have e
depth of 0,15 cm,

Figure 7 shovs the sensitivity
variatica with depth for the 241Am
gamzsa ray (60 keV) and for ths sua
of the thrue X rays. As noted on
the figure, varfations 1a both depth
and geomstry occur,

.agsured

Using the dats
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-
~
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FIGURF 8 - Standard Deviation for
s Threa Rotios Translated Into
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shown on this figute we can calcu-
jate @ "Minimum Detectable Amount”
(HDA)(I) of 0.2% nCi for uurface
contamination and 8.5 nCi{ for dcti-
vity et 2,0 cm dapth,
these levels it would not be pussi-

0f course 2¢

ble to use the ratin of the cpa of
*the X rays becouss of statisticsl
considerations,

SUMMARY AND CONCLUSIONS
For wound counting, one needs
a detection unit which will rapidly

show the location and amount of ma-
terial in a manner which can be eas-

ily interpretad. It must be able to

SUM OF X-RAvS
1CORP I CID FOR CLOMTAY)

1600 |~
b
4
b
-
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$C tev

count 2ATY Conwatyrmin s¢ oldl
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5{02;5 / = Variation of Canting
ensitivity With prth in Tisoude

Jor a Piutenium Source and a

Standard Deviations {n Dspth ve. Depth 8olid Stats Deteotor
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differentiate wmultiple sources at

various depths und the amount and
distribution of surface contamina-
tion. None of the present detectors
provides the desired degree of in-

formation; however, the advances
made with solid state detectors per-
mit the addi{tioun of more information
to that presently availadle.

The Nal(Tl) scintillation detec-
tor will probably remain the wound

counting unit of choice for some

tise because of 1ts asdequate infor-

mation and its low cost. For a typ-
{cal NaI(Tl) wunic, an MDA of 0.1
nCl(A) {s possible whareas we have

sten that an MDA of 0.25 aCi results
from using the lithium-drifted gil-
fcon detector. A surface-contoured
diode held at

from the wound

approxi{mately 2.4 cm
can detect an MDA of
about 40 nCi. This 2.4 cm rTepre-

sents about the distance as

same
required by the lithiuwm-drifted sil-

{con detector to the sources however,

the surface-contoured diode czn be
placed wmuch <closer to the wound,
thus compensating for {ts 1low {(n-

trinsic efficlency.

0012019

’ - -~ - e N e S 30 ¥ < st RS
P o

BNWL-1031

pPart 3
REFERENCES
1. K. L. Swinth. "Surface Contamd

3.

4.

Diode Appltddttona,
Northoest Laborato
port for 1967 in the 8t08 501-
enoces, Vol. 11, Part le Instru-
mentation, BNUL-?JS p. 41. Pa-
otfto Northwest Laboratory,nt she
land, Washington. 1968.

K. L. Suinth. ¥Dependence of
Plutontum X-ray Countmg on Iso-
topio Compoaition," presented al
13th Annual Health Physios Soo-
taty Nestirng, Washington, D.C.
June 1967,

H. BE. Palmer, N. A. Wogmmm, and
J. S. Cocper. "The Determina-
tton of the Depth and Amount of
239py  tn Wounds with Si(Li) De-
tegotors," Proc. of the Symposti v
en  Diagmosis  and  Treatment o

quggzta Radionuolrdea, Riohe
lund, wWashirgton, 1867, pp.
164-170. Exrarpta chggoa Fonngz-
tion, Amsterdam. June 1988.

W, C. Roeach ad J. W. Bam,
"Deteotion of Plutontum in
Wounds," FProo. Interm. Conf. on
Paaceful Uses of Atomio Ene

2nd Conf., Geneva, 1958, &3, p.

142, 1958



BNWL~1051
Part 3

SUPPRESSION OF PARTIAL ENERGY DEPUSITION EVENTS IN A SOLID STATE DETECTOR

The suppresaion of the baokground oontinuwm n
solid-atate dsteotors by anticoinsidence and/
or pulse-shape disorimination aids in the in-
terpratation of spaotra and evharoces the peak
to Cbmgton ratto. Studies were pexformed with
both 137cg and S9Fe sources. For the S59Fe
source, an average raeduotion of 85% in the
ocontimum nresulted uaing a planar diode 119

Invesi.gator!
X. L. Svuinth

by 2.4 mm deep in an antiooinoidence ar-nu-

lus of Nar(ri).

Both the distribution and the

number of events rejeoted vary with the am-

plifier shaping time oonatants.

INTRODUCTICN

The masking of weak, low energy
tamma rays by the background coutin-
tuia  resulting from higher energy
gamma rays, seriously limits the use-

fulness of solid state detactors in
gamm3 ray spectrofcopy.

of the

Reduction
continuum from high e¢nergy
ganma rays aids in the {dentifica-
tion and qQuantificatica of isotopas
with weak,low energy garma euissions.
Most of this continuum results from
Compton

interactions in the detec-

tors thexselves ard 1in nearby wa-

terials, Recent work guggests that
these interactions occur in the dend
layers of solid state detcctor&fl'Z)

The 1interaction of gamma rays

and their secondary electrons in the

dead layers (poorly compensated re-

glons) of the diode
with a
(3)

nent, Trapping and carrier reccm-

0012020

results in pul-

ses slow rifse-time compo-

binalion, enhanced in the dead layer
due to a weck rollecting field, cause
a loss of collacted charge and a
slow rise-time pulse. Because ol
this loss of collected charge, pulses
of reduced amplitude result which
are not proportional to the energy
deposited by the primary event, thus
degrading the energy spectrum. Stan~
dard pulse-shape discrimination tech-
niques can reject pulses with euch
slow rige-time components.

This papar describes the cver-

all results obtained using both
pulse-shapae discrimination and anfi~
coincidence counting with a eolid-

state detector, The following paper,
“Development of Pulse-Shape Discrim-
ination Circuitry for Suppression of
Partial Energy Deposition Evencs",
by N. C. Hoitink and L. D. ¥hilipp,
describes circuitry developid for

these experiments.

—

e " ————a 4 A = o o = e A ap———
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DISCUSSION

Detactors

The sumall solid state detector
used in these studies has an area of
110 mmz and < depletion depth of 2,4
willimeters. At the 1,33 Mev %0co
line, this detectcr achieves & resc~
lution of 5.0 keV FWHM with a peak
to Compton ratio of 2:1., The detec~
tor operates with an applied elec-
tric field of 950 V/em; has a d f-
fusod region of sbout 0.3 mm and an
undepleted region of about 1 mm, It
wounts 1in a satellite dewar on a
17.8 cm (7 in.) copper cold finger.
A 5,72 ca (2% in.) outside diameter
shroud of 0,483
ma (0.019 in,) aluminum covers the
detector which i3 2 cm from the end.

vacuunm containment

The anticoincidence datector
comprives a 20,3 e¢m (8 in.) diameter
by 30.3 cm (12 in,) long sodium io-
dide annulus with a 6.35 cm (2% in.)
inside diameter tunnel with aluminua
0.483 mm (0.019 4n,) thick.
The annulus eplits lengthuicze along

walls

its axis to form optically isolated
halves each viewed by threa RCA 8053

photomultipiier tubes with magnetic
shisalds, Somewhat similar to that
described by R. L. Auble, et al. ,

the ennulugs was selected because of

its versatility for general purpose

(4)

counting. Although it can ba used

as a for high

palir spectremeter,

BNWL-10351
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level counting with an  external

source, or for general coincidence
counting, this paper discusses only
its use as an anticoincidence detec-
tor with an interior source. The
resolution of this detector for a
centrally located sourcs of cesium
{s 11X FWHM, Figure 1 4illustrates
the anticoincidence annulus and the
showing their rela-
The dewar and the
anticoincidence detector mount hori-
gontally inside a 10.2 cm (4 1in.)
thick lead shield with i{nside dimen-
sions of 91.4 cm (3 ft) long, 30.5
em (1 £t) high and 40.6 cm (16 in.)
wide., Both the dewar and the anti-
coincidence

satellite dewar
tive positions.

detector are trvack
mounted so that they wmay be easily

woved in and out of the shield,

Circuitry

As mentioned previously, dis-
cugaion of tha pulse shape discrim-

ination circuitry 4s presented by

FILL ARD VIND Bydin

Nl‘ll A ity

Neg 06807387

FIGURE 1 = Relative Fositions of
d State Dateotor and
Antiootnaidence Deteotor



N. C. Hoitink eand L, D, Philipp 1in
the nuxt paper of this report.

In the general block diagram of
the experimental system, Figure 2,
the linear amplifier generally oper-
ates with equal incegration and dif-
forentiation time constants of eight
tenths of a microsecond. Si{ince the
logic output of the pulse-shape dis-
crimination circuit i{s delaycd about
3 microseconds with respect to the
foput, the anticoincidence logic sig-
nal nmust glso be delayed.

RESULTS

Counting wws done using an in-
ternal sourcae geimatry. Bacause of
the gengitivity of the anti-Coampton
datector and the small voluma detec-
tor available, this required low
level sources snd long counting
times. The preseated data represent

two different rources, 137Cl

it 1MJ’I!EI
XL 1) o
et wue lu.: LBl T 2 T
[ L™
g

and

Nog 0680722-2

FIGURE 8 = Bloak Diagram of the
Counting Systam Eleotronios

0012022
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59?0. typical of the energy range of
interest to most investigators. The
59 60
use of “Fe 1. preference to Co
(both have similar gamma ray ener-
gles) permitted edsier interpreta-
tion of the spectra since the gamma
rays from 59?0 are not in coinci-
dence with one another.
Pigure 3 shovs results obtained

using the 39

Fe source with plots for
the percent reduction in the Compton
distritution with puls. shape dis-
crimination alone, with anticoinci-
dence, and also with the pulse shape
discriminsrion plus anticoincidence.
All data are collected for equal
count rates in the high energy pho-
topeak, The avarage reduction in the
Compton distribution from 100 keV to
550 keV with pulse shape discrimina-
tion only 1is 13.5X,
energy region,the reduction with on-
iy the anti-Compton blanket is 73X,
while wuéing both the pulse shape
discrimination and

Over the same

anti-Compton
blanket the reduction {s 81X, In
the enaergy region from 5350 keV to
B0O keV, reductions of 6X, BlX and
851 ware obtained using pulse s..ape
discrimination only, anticoincidence
only, and pulse shape discrimination
plus the anticoincidence blanket,
respectively, Tests with the circuit
of Alexander and Goulding were in
essential agreement over this energy

(3)

rangs. A dip in the reduction at
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PULSE SHAPE DISCRIMINATION
PLUS ANTI-COMPTON
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Neg 0680728-3

PIGURE 8 = Raduotion in the Continmwum From 59?9 Wwith Pulse
Shape Dlacrimination and Antiocoinoidence Counting

low energics results from the back-
scatter peak while a similar dip at
high energies occurs in the region
of the Compton edge where the anti-
coincidence shield loses its effec-
tiveness. In general, the reductions
from the anticoincidence shield and
the pulse shape discrimination are
not quite additive, Figure 3 in-
dicates that for 9Fe primary pho-
tons, pulse shape discrimination
loses importance above approximhtaly
700 keV,

Similar rerults were obtalined
for a 137Ca source, Average reduc-
tions of 8X, B82X and 87X were ob-

tained in the energy region from 100

0012023

keV to 450 keV wusing pulse shape
discrimination, the anticoincidence
mode, and the combination mode, re-
spectively, Pulse shape discrinina-
tion does not appear effective above
350 kaV i{n this case. In the energy
range of greatest effectiveness (100-
350 keV) the average reduction using
pulse-shape discrimination is 11X,
One would also expect the pulse
shape discrimination technique to be
dependent upon the amplifier shaping
time constants, With longer time
constants the ballistic deficit de-
creasas for @ pulse with a slow rise
time component resulting in the

movement of the spectrum of glow
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5102%5 4 = Bffect of Amplifier Time
onstants on Pules Shaps
Disorimination Opsration

rise time pulses toward higher ener-

gicn.(s)

Figure & demonstrates re-
sults obtained {in the pulse-shape
discrimination mode wusing two dif-
ferent amplifier tima constants and
s 6000 source, The lower curve re-
sults from equal integration and
differentiation time constants of
0.8 ugec while 1,6 usec time cou-
stants ware used to obtain the upper
curve, The average reduction using
the 0.8 ueec time conatant is 1ll,5X,
vhile that for the 1.6 usac t’me
conatant 1is 14,5X, Simflarly, time
congtants of 0.4 ugec and 3.2 usec
resulted in reductions of 10,5 and
16,4X, respectively,

Tests sere also conducted to
determine the effect of varying the
electric field across the intrinsic
raglion, Significant variations in
the percent reduction by pulse-shape
discrimination were not observed

vhen the field was varied in staps

0012024
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from 500 V/cm to 1250 V/cm.
Figure 5 shows an energy spec-

137Cl without correction and

trum of
one with both pulue shape discrimi-
nition and anticoincidence modes of
operation.

The valus of these methods in
reducing the continuum is obvious
from thiyv figure. A spectrum for
included

since it tends to merge with the

anticoincidence {s not
combination mode at these count

riutes,

CONCLUSIONS

In general, anticoincidence
counting provided an average reduc~
tion of B80X in the continuua from
high energy gamma rayo. In the
energy region from 100 keV to 70X of
the photopaak energy, a typical re-
duction in tha continuum of 10X was
obtained using pulse-shape discrim-
inat{on. Above 70% of the photopeak
energy, pulse shape discrimination
was not effective, The two methods
of continuum reduction are not addi-
tive on a ona to one bzsis. Appar-
ently some of the slow rise time
events result from gamma rays which
also interact in the anticoincidence
detectc.. Slightly over one-half the
reduction by pulse-shape discrim-
ination adds to the reduction by
anticoincidence. 0f course, pulse-

shepe discrimination is more impres-
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sive when compared with a spectrum

already reduced by anticouincidence.
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In the case of Ca, the anticoin-

cidence spectrum {is reduced by an

average of 30X with pulse-ghape dis~

crimination, Over this same energy
region (100 keV to 450 keV) an avar~
age reduction of only 8X is obtained
when compared to the not-in-coinci-

dence continuum,

0012025

We obtained less reduction than
that of up to 25 to 30X reported by
other investigators although values
of over 20X were obtained in the
lowest enargy portions of the spec-
trum.(1'7) Our results and the work
of others indicate that pulse shape
discrimination 1s effective during

investigations covering a wide range
of energies.

—
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DEVELOPHERT OF PULSE SHAPE DISCRIMINATION CIRCUITRY FOR COMPTON SUPPRESSION

APPLICATIONS o

The proper uase of pulse shape disorimination
techniques atds euppreasion of the background
continuwm in speotra obtained wusing solid-vtate
detectora,  This suppresatfon improves the in-
terpratation of epectra and enhanccs the peak-
to-Compton ratio.  Thia paper dsacribes devel-
opment of pulese anhape diacrimination cirouttry
Jor use wWith or without anticoincidence teoh-
niquaa to inveotigate poassible improvemente in
Compton cuppreaaion

Investigators:
N, C. Hottink
Technical Assistance:
J. Harlow

INTRODUCTION

gions) of solid state detectors, re-
sults in pulses with a slow
time

rise~
The interaction of gamma-rays,

or their

component, (1) Trapping and

enhanced in
the dead layer due to a weak collec-

secondary electrons in the
dead layers

carrier recombination,

(poorly compensated re-

001202b
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ting field, cause s logs of collec-
ted charge and a slow rise-time
pulse. Because of this loss of
collected charge, pulses of reduced
amplitude (not proportional to the
energy deposited by the primary
evert) result, thus degrading the
energy spectrum, Standard pulse-
shape discrimination techniques can
reject pulzes with such slov rise-
time components.

The circuits described in this
paper resulted from developments re~
lated to a need in a solid state de-
tector counting system for reducing
the cont{nuum of the energy spectrum
from gemma-rays in the energy range
from 100 keV to 1.5 MaV.
"Suppression of Partial Energy De-
position Events in s Solid State De-
tector” by K., L. Swinth, contained

elscwhere in this report, describes

The paper

the overall results of the investi-
gation, including the improvements
attributable to the pulse shape dis-
erimination circults described here-

in.,

DISCUSSION

0Of the various methods of pulse-
shipe discrimination researched and
found suftable for use in eliminat~-
ing the slov time constant pulses,
tvo methods proved worthy of inves-

The method described by
(2)

tigation,
Alexander and Coulding

0012027
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the shift in bassline crossover did
not adequately cover the energy re-
gion of (interest. Discriminator
"walk" and difficulty in proper sys-
tem adjustment were the limiting
factors. To meet the requiremsnts
of tha current experiments, we de-
veloped s circuit after the method
of U, Tamm et al.(3)

Normsl pulses from full energy
events in the intrinsic region ex-
hibit typical rise times on the or-
der of 10 nsec. This means that gocd
pulses will exhibit e rige time lim-
ited by the presmplifier, typically
on the order of 50 nsec, and a decay
tims slso characteristic of tha pre-
azmplifier, usually 50 to 100 usec,

Pulses with & slov rise-timse compo-
nent result from interactions in the
dead layers of the diode detector,
These. pulses will not reach their
maximum height (all of the charge
will not have been collected) until
after a few microseconds. Figure 1
illustrates both types of pulse.
Now, 1f one compares the leading
portion of each pulse with the pulse
at sows later time, it can be deter-
minud {f the pulse has @ slov rise-
This method should
be independent of pulse height, Af-
ter clipping @ fraction of s micro-
second from the leading edge of the
pulse, {nverting It and adding it
back onto the pulse vollowing o

tizme component.



suitable delay (typicslly 3 usec), a
normal pulese will cross the baseline
but one which exhibits a slov rige-
time component will not, as illus-
trsted {n Figure 1.

The block diagram of Figure 2
of
Figure 3 represent circuitry devel-
oped at PNL utilizing the described
nethnd. The pulse from the preamp-
lifier has a rise time of 60 ngec
vwith 8 decay time of 44 usec, After
inictial amplification, one portion
of the circuit clips the pulse to a
4 uysec width, while in the other
part of the circuit the front edge
is clipped to 0.2 usec and delsyed
3 usec.

and the complete circuit disgram

The resulting pulsas then
add to the original pulse {in & sum-
ming amplifier, after which the gain
on the 0.2 usec pulse can be adjusted
so the pulse just crosses the bage-

line and triggers a discriminator.
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FPICURE 1 = Illustration of Pulie
Rslationships for ths Pulse

Disorimination Mroult

06012028
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The integrated
used as the discriminator has s dis-
crimination level about 5 aV above
the baseline and vhen triggered,
drives s monostsble circuit result-

circuit comparator

ing in a logic signal.

Calibration with @ pulse gensr-
ator permits proper gain adjustment
of the 0,2 usec channsl for accep-
tance of all test pulses above a
selectad Below this
energy, pulse height fluctuations of
the 0.2 usec pulse caused by prevap-
11fier noise result in improper op~
eration of the circuit. Generally,
circuit adjustments permitted proper
operation for pulsses over 100 keV,
and the circuit provides a dynamic
of S0 to.l. 1In practice, 8
of less than S mV in the de~
discrimination level results
over & dynamic range of 10 to 1.
This shift, unimportant over the

energy lev-l,

range
shift

sired

DL 0o Bitb g

S b

¢ obit

Neg 0880723-8

FIGURZ 8 = Block Diagram of the
Yulea Dlsovimination Civeult
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FIGURE 3 = Circuit Diagram for Corplete Instrument
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range of interest, occurs because of
the gaiu aided to the 0.2 usec pulse
to eliminste noise fluctuations.
Comparison of detector pulses on an
oscilloscope shows apparent rejec-
tion of 100X of pulses vith a slow

rise-time component.

RESULTS

As mentioned, the results ob-
tained using the described circuits
are detailed in the paper by K. L.
Swinth., The couplete investigation
included the uoe of both pulse shape
discriminstion and anticoincidence
tachniques.,

Using e 59?0 source, the aver-
age reduction in the Compton distri-
butfon using just the pulse shape
discriminstion proved to be 13.5% in
the range from 100 keV to 550 keVv
and 0X in the range from 550 keV to
800 keV.

137Cu source vreveal reductions in

Spectra obtained using a

the Compton distribution averaging
11X over the range of 100 to 350 keV

The pulse shape discrimination tech-
nique does not appear to be effec-

0012030
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tive above 700 keV (using the 59?«

source) or shove 350 keV (using the
137Cb source).

Use of the single swesp feature
of an oscilloscope (several observa-
tions) afforded a coapsrison of the
observed pulse shape and the ability
of the circuit to discriminate be-
twveen normal pulses and those with a
For the

correlation

slow rise~-time component.
sampls observed, the
proved to be 100X,
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FEASIBILITY OF USING §R°§§:F?£¥g",, gl
DETERAINE IN VIVO RADIONUCLIDE LOCATIONS

sT0

Investigator:

Evaluation of the theoretical anc techni- rMopton

cal feasibility of using a progoacd.croga- T. H.
correlation ayatem to determine 3in ViV
losation and intemaity of radionuolides
indicated that the specific method used
vould not be able to locate distributed

T

R aadissai b acor ot BN s g

- T

sources with the required accuracy. The
papor describes both the thaoretical ad

experimental considerations.

INTRODUCTION

A proposed cross-correlation
system for determination of radicnu-
clide location and {ntensity was
theoretical and
technical feasibility.
cipated that
systea would Se ugeful for radionu~
clides exhibiting unegligible self-
alsorption and could lead to the de-
velopment of automatically produced

plots of organ-tissue uptake pat-

evaluated for (ts
It was anti-
the proposed location

terns, l{sco-intensity plots or time-
space patterns.

DISCUSSION

In the infrial study, a 10 uCi

point sourre of 137Ca was pos.itioned

in a water phantsa which

sizulated
the #ffects of ({ssuc on gamma-rays,

The phantca ,: (hen scanned circum-

ferant{ally rYe o. irce plane by a

detector whcae ~olliacator provided a
serial width of the

0012031

e amined seczor

throughout the scan (see Figure 1).
Successively placing the radiation
soutce within e position matrix in
the phantom simulated various loca-
tions of translocated radionuclides.
In the first study, twelve circumfer-
ential scans were made, each with
in a different
known position within the phantom as

the point source

shown in Figure 2.

Data from these scans produced
twelve curves, typificd by the exanm-
ples of Figure 3. These curves per-
mitted evaluation of cross-correla-
tion techniques which might be used

to locate an unknown point source

from its curve of intensity versus
9. The area normalized crnss-corre-
lation functioo, °r(°1)’ gives the
probability that e puint eource of
unknown location is positioned at a
particular angle vy and radius o
vwhers o, differs from 6 by from 0°
ro 360" and r 1s the radfal location

from the center of the phantom. 1In
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PIGURR 1 = Scawing Configuration
this study T, varies from r, (2.5¢em)
to r,, (13.5 cm) and 91(01) is given
by

Juy (e - 0)) uce) do

0)(0y) =

u12<a) u?(8) do

vherae kl(a) is the intensity versus
0 curve for a point source located
at a known location (rl.eo) and u(8)
is the of radiation inten-

137Ca point

curve
sity versus 9 for the
having an unknown Jlocation.
Becauso u(8), in thlis work, is loca-
ted at 6 = 0, when k(0) and u(9)
perfectly corralate.p(ol) vill equal
one at ¢, = 0 end will bo less than
ona for 61 greater than zero but
levs than 360°. For curvaes of k(9)
different from u(8), p(el) will be
less then one at 6, = 0,

0012032

source

Howeavar,
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Lont Catlimater
{Spamatrical)

Molp Messursmenty ore in Cntinstors

PIGURR 3 - Souros Looation
and Collimator Detatle

analog computer analysis of data
obtained using the first collimator,
Figure 2, indicates that when k(9) =
u(8), as 01 changes from 0°, °(°1)
1ecreases very slowly. These curves
ars shown in Pigure 4, Furthermors,
at 0, = 0®°, p(0*) decraases from
unity very slowly for k(8) obtained
from rediuvnuclide polnt sources lo-
cated at radial pocitions different
from those of u(6) as shown in Fig-
ure S. This poor system resolution
results from the slow variation of
p(el) with radial and angular loca-
tion of the calibdbration point source.
Tha elow varistion of p(ol) is

csused by the great eimplicity of

the curves kl(o) to klz(e) and their



ey

relative similarity.

Experimental results of efforts
to improve resoluticn by varying the
collimator aperture, D, indicate
that the intenaity-displacenent
curves remain similar regardless of
aperture opening or radial location
of the source in ths phantom. Fur-
ther study indicated that perhaps
certain detactor collimator config-
urations, Figure 6 for example, could
be designad vhich would increass the
complexity of thase k(0) curvaes to
inprove the cross-correlation systea
resclution. The varisbles considered
in antljiic of the collimator in-
clude the collimator wmaterial and
configuration, the.detector scanning
and tha length of ths colli-
nator holas.

locus,

PIGURE 8 = Typloal Point
urce Joans, k,(o)

0012033
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1In a theoretical study, two ex-
amples vere used to investigate col-
limator variables and their effects
on cross-correlation functions. The
first example concerned the point
source cross-correlation of a curve
k’u(°l) vith a similar curve for
k,n(on). Even with wore complex
collivator configurations, this ex-
anple demonstrated that, with the
point sourcas ‘ucated as described,
the cross-correlation systca erron-
eously indicates the radial location
of the radionuclida,

The second wodel investigated
the cross=-correlation of the curve
krn(e.) vith the curve k,n(om). In
this cass, point seource position
errors result from two csuses. First,

even 1if the collimator aperture

§¥05§3 g = Cross Correlation
wttons for u(b) = k11.5(°)
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FPIGURE § = Area Normaliszed Cross
Correlation With 0° Phase Shift For
137¢s Point Sowrce at » = 11,5 an

angles are opt r id and possibly
randomized, they must have soms fin-
ite value and some amount of false
location of the point source will
result because of the properties of
Also,
error will result becauss perfact

the correlation operation.

collimation of the gamma-rays is not
possible.

In vivo studies would be further
cozmplicated due to the presence of
distributed instead of point sources
which result from deposition of
gpecific radionuclides 1in preferen-
tial organs, Other variables con-
tributing to the overall dinaccurate
location of sources using the cross-
correlation techniquss include sub-

ject movement (during long counting

0012034
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times), inhomoganeities of gamma-ray
absorption properties, and scatter-
ing. Tha cross-correlation system's
usefulness 4is determined by the ac-
curacy desired in the location of
radionuclides, reasonable counting
times, and the allowable
strength within the subject,

aource

CONCLUSIONS

The resulting high error prob-
ability in accurately locating ra-
dionuclide depositions in the simu-
lated biological system by cross-
correlation techniques suggests that
further experimental effort include
more sophisticated collimator con-
figurations ss well as consideration

of lower energy isotopes.

Nots: Dimensions in cm

.PIGURE 6 = Lead Collimator

Configuration

PR T



a2 BNWL-1051
. Part 3
/" winATuRe IMPLANTABLE HIGH VOLTASE SUPPLY

The desoribed ocompaot voltage supply for Investigators:
miniqture G.M, tubee will pemit the ao- . E. N. Sheen
quisition and telemetry of radiomuclide R. L. Wiibur
uptake information and oconventional Technical Assistance:
physiologioal parametrio data from experi- R. M. Ferdinand

mental animale. The unit operates from a
8,7 V battery, rsquires 0.5 mA of ourrent,

and measures 1.5 om diam by 2.3 om long.

INTRODUCTION

For biotelemetry of radionuclide
uptake information, the Geiger-
Mueller tube offers the important
advantage of providing large output
signal pulses that require little
amplification. Miniacure G.M. tubes
suitable for implantation require
seversl hundred volts to bias the
tube in the proper plateau region,
but output average current from the
bias source for exposure rates an-
ticipated in experimental investi-
gations typically equates to less
than 50 naA. The plateau region may
be as low as 10X of the center vol-
tage, thus requiring regulation
within a few percent,

A compact voltage supply devel-
opad by Dilworth et nl.(l) provided
the necessary potential and current
requirements for miniature G.M.
tubas operating to very high expo-
sure rates, This bias source oper-
ated from a 4 V mercury battery uud
utilized feedback to 4incrcase both

0012035

frequency and output of a transistor
blocking oscillator with exporurs
rate. A voltage quadrupler rectified
the output pulses and provided the
necessary output potentisl. The cx-
periments reported here focus on ne-
cessary design/development and fab-
rication changes in the basic Dil-
worth circuit to wminimize volume,
operate from a 2.7 V battery (com-
patible with a commercial pulse-
wvadth modulated implantable tele-
metry unit) and be implantable.

DISCUSSION

Figure 1 shows the circuit dia-
gram of the miniature blocking os-
cillator high voltage supply. Prior
to generating a pulse, the transis-
tor does not copduct. and the trans-~
former presents an equivalent cir-
cult to the collector 1in which the
mutual inductance dominates. Current
from Rl begins to turn on the tran-
sistor and the collector voltage °
becomes negative, Regeneration

occurs because a positive voltage

e P
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PIGURS 1 - Ciroutt Diagram

(°°1) fror tha feedback winding in-
creages base current as the collec-
tor voltage drops. When the tran-
sistor saturates, collector current

1nct05|’av nearly linearly at a rate

%% - ——-i—lzi, vhere M 1¢ the trans-

former mutual inductance. At this
same time (following transistor sat-
uration), the base current decreases
with a time constant equal to (R2)
(Cl), approximat 'y 1 msec., The
transistor collector voitage starts
positive again with 1c ] BL‘ end the
feedback voltage regensratively
turns off the transistor,

After the pulse occurs, the base
voltage remains negative (because of

the voltage developed across Cl dur-

0012030

ing the ON state) and slowly returns
with an (Ri) (Cl) times constant.
Initially during the ON period, the
output voltage, ¢ equals the turns
ratio (44:1) times &, or approxi-
mately -100 V, and D1 conducts to
charge C2. The collapsing magnetic
field of the transformer gene:ates a
large positive voltage and places
charge on C3 through D2, back-bias~
ing Dl. If the reverss voltage ava-
lanche point of Dl occurs at a vol-
tage VZI' the maxizum voltage across
C3 limits at VZI' This limiting ac-
tion serves as o basis of regulation
becausuy % ac-couples a voltage sz
(peak-to-psak) through the second
diode pump, thus again placing sz

B
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across (5 to give an output voltage
of ZVZI' This process assunes & neg-
11gibly small charge moves from C3
and CS through the output load be-
twveen pulses. In the original cir-
cuit, epecially selected 1N459 gen-
ersl purpose silicon signal diodes
(200 PIV rated) served the voltage
regulating function,

Microminiature diodes, such as
provided by Microseaiconductor Corp-
oration, offered promise in reducing
the total supply volume. Unfortun-
ately, selection from twenty-four
MC459 and MC458 diodes with wminimum
20} PIV and 150 PIV ratings respec-
tively, yielded only one unit with
Vz1 near 200 V. Most of thess de-
vices avalanched at potentials
greatly in excess of the ainimm
value (1 kV typically). For the pro-
totype implantable unit, a value of
100 k4 for Rl gave the desired 475
Vde output, coapatible with an EON
Type 5307 G.M., tube (0,097 in., diam
x 0.4 in. long, halogen quench), and
140 nA through the 1N4149 series.
This experierce indicate:r .e prob-
able neaed to purchase selected units
(with desired avalanche point) di-
rectly from the diode vendor, rather
than attempting sorting from stock,
The final (flux value, proportional
to the collector current, depends on
Resistor Rl should,
theraefore, be selectod for a partic-

0012031
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ular 2N3128 to give the desired out-
put current capability. The four
1N4149 diodes connected in series
gave a voltage change of 465 Vdc to
480 Ydc for currents from 135 nA to
520 nA. The nominal current obtain-
ed for the prototype measured 350 nA
and & load current of 130 nA result-
ed in a 5 volt high voltage drop
grom 475 V (no load) at 130°F, Vol-
tage variation due to temperature
rise from 72° F to 130° F was less
than 2 volts.

Ths mjcro-transistor, 2N3128,
further reduced total volume. The
transformer and capacitors vemain
dcminantly large. However, incorp-
oration of wunencapsulated ceramic
capacitors (such as Eire Corp. 8000~
008 "Monoblock" 0,002 uP, 1 kv), or
removal of the phenolic coating and
large connecting wires from atandard
ceranic capacitors, reduced the ca-
pacitor voluse to one half, Minia-
ture low voltage tantalum capacitors
are readily available,

The experimsntal prototype oper-
ates from a 2.7 V battery, requires
only 0.4 mA of quisscent current,
and provides sufficient bias current
to opsrate the G.M., tube at 5,000
cpm.  Assuming further tests prove
satisfactory and following applica-
tion of medical grade coating, the
unit should be suftable for implan-
tation, The prototype, potted in



25

clear epoxy, occupies & volume 1.5
cm dism by 2.3 cm long. A voltage
drop of approximately 3% occurred at
the 5,000 cpm rate. Uith no ave-
lanche occurring for D1, the unit
provides an open circuit output vol-
tage of approximately 700 V. We an-
ticipate further development work to
achieve greater circuit reliability.

BWL~1031
Part 3
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IRRADIATION EFFECTS ON CHARGE-MULTIPLYING DIODE IETEQ!QQ'JW

This article presents the comolusions of a
program to define the <irradiation effeots
of 60Co on passivated and nonpassivated
avalanche diodss biased nsar breakdown.

Investigator:
N. C. Hoitink
Technical Assistance:
J. M. Frame, Jr.

The awvmal rcport for 1967 mecntioned the
experiments which are dssoribed in greatar

dstatl in a nsparate formal report.

INTRODUCT 10N

Numercus studies have focused
on the radia'ion effects of semicon-
ductor devices, both transistors and
diodes, 1in many d:t:erent kinds of
radiation fields. However, published
information concerning such experi-
ments for ava anche diodes operating
in or near briakdown, an area of con~
siderable int:rest to engineers and
scientists, have been scarce. Recent

L
Supported in part by general Sar-
vioe Aesesomant funds.
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work with solid state radiation de-
tectors has resulted in a nev detec-
(LD 40 which the
multiplication characteristics of

tion technique

avalanche diodes biased within a few
percent of breakdown produce charge
multiplicetion within the detector.
This effuct significantly improves
the senaitivity and the signal-to-
noise ratio available in such detec~
tors.

Ths experiments utiliced tventy
Motorola 1N2B46 200 Vv, 50 W, Zsner
diodes, whaere 10 vere of the passi-
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vation variety. Thus, the cbtained
data describe the effects of passi~
vation on the radiation-induced sur-
face effacts of this pariicular di-
ode. Experiments also focused on
both diode types with the encapsula-
tion removed and witl modest vacuum
applied to the test aisembly., These
experiments provide {i1formation re-
garding ambient conditions related
to radiation effects, for both pas-
sivated and nonpassivated devices.
Selection of the 1N2846 diodes was
on observations made by A.R.Jone-(3)
in which he indicated the suitabil-
ity of such diodes for radiation de-
tection.

CONCLUSIONS

The 60Co irradiation experiments

performed with the passivated and
nonpassivatel avalanche diodes oper-
ating at 35 below breakdown show
significant differences in irradia-
tion effects, where total exposures
up to 1.4 x 10B R were obtained for
both types of diodes.

expected gamma-generated

Except for
currents,
the passi{vated diodes showed little
or no change 4in characteristics
throughout the irradfation although
failure rate was high, The nonpassi-
vated diodes demonstrated wmuch less
predictable performance, especially
in the continuad current increase

throughout the tests.
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However, no
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complete failures occurred.

The differences {n the perforn-
ance of the two types of diodes ap-
peared to be due to surface effects
of irradiation. The passivated units
demonstrated immunity to changes
in environmental conditions, while
the nonpassivated diodes evidenced
significant effects.

Thess experiments provided val-~
uable basic information concerning
the effects of irradiation,especial-~
ly with respect to surface effects
and to the advantages or disadvan-
tages of passivation. However, a
prims.y result of the investigations
concerns tha fact that parti. .ar
passivated diodes can be used with
success as radistion detectors for
relatively high gasma levels, while
the nonpassivated dilodes evidance
l1ittle value for such applications
because of the rathar large and une~
predictable changes in measured cur-
tent as & function of time in the
gamua environment.

Another point of asignificance
centérs on the obsorved racovery
charactoristics of the two types of
diodes.
required reduction of tha bias vol-

The nonpassivated diodes

tage to zero to effect recovery,
vhile the passivated units recovered
with the bias applied. Consideration
of this sftuation may influence the
application of diodes {u critical
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circuits.

The passivated diocdes evidenced
comparative insensitivity in unen-
capsulated form to environmental
conditicns, vhile ths characteristics
of the nonpassivated diodes were
materislly affected by the environ-
ment. Thus, for lowv-anergy radiation
detector applications where diode
eficapsulation msy not be possible,

the passivated units vould be & log-

ical choice.

Finally, the obtained experimen~
points to irradiation
surface effects as the cause for
differences observed bdetwesn the
passivated and nonpassivated dilodes.
These effects remain ditficult to
predict vith any degres of certainty
but stoz passivation as & surface
treatment appears co be effective in
reducing the problem to an accept-
able level for many applications.

tal evidencs

0012040
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DIODES: PRELIN S

Deuteron irradiation of tritium dsposited on a Investigator:
titaniwn-coated, etainless gteel target pro- T. H. Norton

duces neutrons by a SH(d,n)%He reaction. Re- Technical Assistance:
peated use of these targets 1re8 a liow- R. P. Gribble

ledge of the tritium distridution on the plan-
chats to acourately diéereine the source geom-
stry for olose-in neutron {rradiations. The
irradiation geometry {s oritioal since the
source-to-subjeot distance te emall. Fluotua-
tions in the doee rate vere notioed, suggesting
the possibility of redietribution of the tri-
tiu1 on the target., Beoause of the small size
of the surfacs-oontoured diodes and the large
amownt of aotivity avallable (approxzimately
§ Cf of SH per target) these unite esemad to
be a likely choice for a soanning detestor to
explore the tritium distridbution in largels.
Thie also gave us an opportunity to jzet prco-
tical opsrating experience with the surface-
eontoured diodss.

stable count rate in the expsrimen-
tal environment, developmant of com-

INTRODUCTION

Experirnients were performed to plex elecivonic temperature compen=-

evaluate instrumentation used to de-
termine target tritium distribution
by detecting the Bremsstrahlung and
K X rays from the titanium which had
been enxcited by the tritium 8 par-
ticles. The initial experiment eval~-
uated the temperature stabilicy of a
low noise detector system which used
a surface-contoured diode as a de-
tector and a tunnel diode as 8 fast
churge-to-voltage converter. This
surface-contoured diode detector ays-
r== was described in an earlier re-

Because of the relatively

00120y

sation circiitry was not undertaken.

The injtial experi ents rejuired
manual scanning and lized an X-Y
manipulator to trans.ate the plan-
The plan-
chets scannsd vere obtained from our

chet past the detector.

Van de Graaf laboratolry. Figure 1
depicts the geocmetry linvolved in the
scanning. For these fir.t experi-
mants, the lovwer collimator holae
diametor was 0.03%4 in. The experi-
wental rvesults indicated a poorly
detailed correlation between the

planchet burned spot and the scan-

o L AL | e e e



Wole: Al Dimensions are lnches

t!@g%g 1 « Detesotor=-Collimator
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ning detector's count rate versus
location. A large area of the plan-
chet whare flaking of the titanium
apparently occuired corresponded to
& large minimum 4in the count-rate
versus detector location plot.

To more precisely measurs trit-
ium distribution oa the planchat,
& lover collimator plate having a
spaller diameter hole (0.043 {n,)
vas mada; however, this swmaller hole
produced a low count rate of 400 <pm
with the detector-collitator systesm
located over the middle of the plan-
chet. A decrease in the counts/unit

0012042
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area scanned reguired long:rr counting
times/unit area. Tharefore, a rela-
tively simple scanning system was
developed which would asutosmatically
scan, count and print-out the count
rete at the end of each counting fin-
terval,

Correctioa for instrumentation
drift error with time vas obtained
by periodic counting at a sterdard
location on the planchaet. However,
the temperuture for
scanning must te as stable as possi-
ble. Use of the sutomatic scanuning
and data readout systeam greatly la-
cilicated completion of the tritium
target study using surface-contoured
diodes.

savironasent

Comparigson of tha count rate
scans with the planchet surfeces
shoved that £n aress vhere the ti-
tanium appearad to be flaked off the
count rate was low, It should be re-
called that the deuteron besm pro-
duced the burned areas oan the plan-
The data show that tha radio-
activity woasured by the detector
systema increaced in these burned
Exanination of enlarged pic-
tures taken of the target showed

chet,

arecs.

evidence that the low gctivity areas
have considerable flaking whila the
burned spot shous littla. Thus, it
secus likely that for the plsuchets
exanined, the duateron beam bonds
the titaniun wmore firmly to the
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burned epot is small ian comparison

! ' to that lost by flaking in ths sur-
d rounding aresa. Figure 2 illustrates
- a typical scam of a target across
g 1ts centerlins.
-r '
™} REFERE
) . 1. X L. 8winth., "Surface-Contoured
Diode Investigation,” Paoifio
FEEE Y, ot Fimchat foon ot o gep Todh 5g e VAT
r Vo s, rart 4, BNWL=-481, pp.
€0-41, Pacifio Northsest Labora-
stainiess stesl than the titanium tory, Riohland, Washingtom. Aug-
surrounding the burned spot. Thus, use 1967,
the radiocactivity 1lost from the
/ 1TORI 4
An alpha sointillation dstector system, built Investigator:
to m‘;rhtitor astivity levels from 7 nti/1 to X, L, Suinth
160 nci/1, monitors radon 1in an experimental Technical Assistance:
exposure faoility. R. D. Brensman

INTRODUCT 1ON
liter (gas, STP) volums. Of the four
This report describaes s continu~ chasbers used for radon exposure,
ous monitor for wuse in a facility threa contain activity levels of
g deuigned for hsamstor exposure to stout 150 nCi/l while levels in the
; radon daughters under variovs ex- fourth chamber sverags about 7nCt/l.
o perimental conditions, The experi- One of the three high level (150
imnul facility -onsists of eix nCi/1) chambar systems adds ore dust,
spherical exposure chanbers of 4000 another adds diesel fumes, and the

Ly e toie by the I third adds room air,
# astivity vas funded by e
halation Tozioology Seation, Biole Monicoring of radon and redon

ogy Departinent, daughters 4o s cozplex problem due
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to the short half-lives involved and
the large wumber of decay products
present. The degres of dsughter
equilidbrium and the presence of un~-
attached dsughters are among other
factors influencing the isotopes'
behavior, biclogical and physical.
The complexity of the monitoring
probloi divides 4t into two facets:
first, & monitor contimucusly eval-
ustes ths relative levels of rsdon
ia the exposurs chambers; secondly,
separaste systemas such as filters,
ion chambers, <cold charcosl, ete.,
are used to make pericdic measure-
ments to avaluste the degree of
daughter equilibrium,absolute activ-
ity levels, etc. This report de-
scribes only the continuous monitor

foom Alr Fiuth)
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wvhich {8 an alpha scintillator pat-
teyned after one described by R. H.
w’.l.mo(l)

DISCUSS10M

The saspling head for the con-
tinvous wmonitor is eimply a bdox
through vhich s steady flow from the
exposure chamber passes, The box has
s sensitive volume of 1 liter (gas,
STP) and measures 12,5 x 12,5 x 6.3
centimaters deep. On the top of the
box is & sinc sulfide (Ag) sci til-
lator, 10 centimsters by 10 centi-
maters, attached to a 1 in., thick
Lucite 1light guide optically coupled
to a 2 in, photomultiplier tube (RCA
6292).

A disphragn~type aquarium pump

Sintlitabor ot
Protun ultialier Tube

Preacelitisr and
Acgliftier

Sl e
Riseitor

PICURE 1 = Block Dtgzm of Typloal
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Low Voitage
(+12y, &)

Sample ldentificotion Blas
(Pon #2)

Diagram

Radon Nonitor Syetem

Boves sir through the box at e flow
rate of about 1 liter per minuce., A
rotezeter regulatss the flow rate
wvhile thres-wvay valves control the
input and output of the sampling
heuads ss shown in the block diagram
of Figure 1, This scheme permits the
sample heads to be flushed with room
air,

The entire eystem conprises
three sampling heeds, o master con-
trol unit, & count-rate meter and &
recnrd r as shown in Figure 2. One
of the saapling haads contsins two
sots of valves so that it can alter-

0012045

nately sample two separate chambers.
Zech of the three photomultiplier
tubes has its ovn preamplifier and
szplifier, shown schemstically in
Figure 3, mounted on its tube base.
The output signals from the ampli-
fiers are routed by the control unit
to 8 count-rate mater which drives
the strip chart recorder, The con-
trol unit contains & timer which se-
quences the valves, routes the sig-
nal and puts a bias lavel on tha se-
cond pen of the recorder to identify
the sampled chamber., In Figure 4, &
sizulated recording from the strip

o s P S
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chart, one can see that e portion of
the sampling time from each chasber
1s used to indicate the background
in that chamber.

RESULTS

The background 4in the empty
saapling chamber 4{s less than 30 cpm
but after radon passes through it at
low levels (7 nCi/l), this increases
to 150 cpa. The increase apparently
results from the attachment of redon
daughters to chamber walls and the
scintillator surface. Each head ssu~
ples from an exposure chamber for
only 16 minutes out of a full cycles
time of 90 minutes., Ths air entering
the sampling head is prefiltered by
e muembrane filter to take out radon
daughters. During sampling the count

Rl~-1051
Part 3

rate in the low level sampling “wead
incresses to 140 cpm. To avoid
range switching on the recorder, the
count rates for thse high levsl san-
pling hesds are adjusted to De
approximately 9000 cpm. This is done

by changing the high voltage on the
photomultiplier tube,

CONCLUSI0NS

The system is elightly sensitive
to elactrical trensients caused by
the opening and closing of the sole-
noid valves., In general, systea op~-
eration has bdesn satisfactory and
has mat 4ts original expectations.
In fact,sensitivity has baen slight-
ly grasater than anticipated. Work
continues on a solid stata system to

measure the radon daughters by

Sample Level
and Bulidw
Count Rate
c r ldentification
Repeat g \ Blas
[ VR
Background Level
% min, 68 min. M min. 2 min, 0
Time
Chamber 4 Chambar 2 Chamber ) Chamber |
(Low Level)

FIGURE 4 - Stmulated Monitor Recording
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counting the RaA and RaC' alphas
from daughters collected on filter
paper.

3

BNWL-1031
Part 3

REFERENCE

1. R H. Wlson. "Design of a Ra-

don Exposure System," I%trial
mﬁ.:?.rmnaz, p.’la + Oatober
881,

CONTROL SYST IN VIVO NE )

ACTIVATION OF SHORT HALFSLIFE NUCLIDES™

Thie report desoribes an instrument to automat-
toally ocorreot for half-life decay duri
vivo neutron astivation experiments using
The ocontrol system asouree uniform
providing automatic oompensation
aoontrols to rotate the
body 180° and other oontrols to stop

ars,
acttvation by

for half-lifs deoay,

tation when the two activities

INTRODUCTION

In vivo neutron activation ex-
psriments, conducted at the Univer-

sity of Washington, in human cada-
vers by Pacific Northwest Laboravory
personnel, requirad ingtrumantation

the {irradiation of the
body such that uniform activity re-

sulted,

to control

Scientists ccnducting the
rotote the
This

experiments to

planned
body 180° in the neutron flux,

L]

This project was supported tn part
by tha Hadiologioal Phyasics Seo-
tion, Radiological Seiencee Dapart-

men 00612048

Investigator:

ng in E. N. Sheen
wnan

the irrad-
line,
log pulse rate teohniquee are uttlized.

Ang-

approach required an automatic sys~
tem to assurs that activity induced
after rotation squated to the acti-
vity induced before rotation with
correction automatically made for
the half-life decay of the redionu-
clide.

The control system described
here provides the desired character-
1stics through utilization of a high
accuracy capacitance pulse counter
wvith a shunting resistor calibrated
to provide a voltage decay matching
the radionuclide decay to within 11}
or better. A pulse-rate mater wit}
s very accurate time constant thuw

serves 4s the "heart' of the system
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DISCUSSION

Figure 1 depicts the circuit
diagram of the developed systenm.
Input pulses, derived from neutron
flux sensors,connect to e pra-scaler
vhich divides the pulse rate by a
factor n and produces an approximate
square wave with 102 peviod varia-
tion due to statistical changes of
the input rate. The control binary,
initially set at t = 0, eanables LD
gite Gl for the pre-scaler output
signals and disables GZ. Output pul-
ses from Gl drive s saturating tranp-
sistor switch, Ql, and the collector

square wave paasses t) C2A, the input

BNWL~-1051
Paret 3

positive voltsge traneitions, cur-
rent through U2 places charge on C3,
a 50 yP, 200 V, polycerbonate film
capacitor. This charge decays
through R4 with a current value of
0'3/34. vhere € " klo. Thus, the
ke

decay current, -'-:2 sy can bde ad-
justed by the variable constant k to
calibrate the cims constant aciur~
ately. Adjustmeat of o (suther
than connecting s variable resiator
directly across C3) permits R4 to Dde
a fixed, high-valuve matal filn unit

(10 ¥1) snd RS 20 Ve a much lover
velur vire-wound potevtiometer (10
kQ to 100 kn).

capacitor of a diode pump, During
.-
mn?;. !Dg: faiy. C.
Prescater Nomi "'ﬂ
] ¢+ °
Pulse o 2
. I 2xa L
U B o3 s Log - YRt R
00 %!
Sw )1sD, 010 — ')
of Contrat fy bef o) 1RO AL 0.003F '3
EL Binary “als R4 o | ™
~ ¢ Count 1
oun a6 001k cis § 0y 1'm'° i
Renet 0 0 « %0° :-”
Vil
Rotate (High) ‘~]
Subject bo
RY v
v Trip J
Siap
Ireas.ation

0012049
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After sufficient nsutron fluence
to give ¢ " V trip (high), e signal
from the high trip circuit initiates
toctation of the irrediated body, and
sachanically detected signals resat
ths control binary at 0 = 90°, Puyl-
ses then pass through Q2 and remove
charge ftou C3, A sacond trip cir-
cuit provides a signal to stop the
irradistion when e, crosses zero
voltage. These trip circuite oparate
the nocessary relay drivers, etc.,
to perform the rotation function
automatically.

Initial calibration for ‘9Cl
indicated actual voltage daecay to
natch tha desired decay (8.83 min

0012050
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half~1ife) to within 10,1Z, During a
2 ho.c interval, error due to leakage
curreat messured 0..5 V (R4 removed)
or 0.02X full scale per minute. The
original designs based on 200 Hs
nominal input frequency, has operated
successfully and accurately for ~p-
proximately one year.

ACKNOMLEDGEMENT

The author thanks H. Barl Palmer
of Radiological Physics Section for
envisioning the needs and require-
ments for the developed system and
for his cooperative effort in the
tests and application,




j:
]

\/ SHOKING

Uranium minere exposed to radon gas, radon dawg
and urantum ove dust in the couree of their wark,
A study in progress hopes to
determine the inoidence of lung oanoer from any or
ail of the contaminants and the oorrelation of one
paper desoribes an automatio nins-

often smoke as well.

to another. This

BWL-1031
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hters Investigator:
R‘ L. wzm

Technical Assistance!
J. N. Prame, Jr,
J. ¥, Camaok

channel system capable of oontrolling the air-smoke
ratios of 1-10 breaths of air to ons breath of smoke

filled air with beagle dogs.
smoke volume by demand regulation,

Each oontrols his
¢ preventirg

serious distreas problems in sensitive animale. The

nine-channel unit oomprises the previously desorib-

¢d three-channel unit extensively
newly designed six-channel unit.

INTRODUCTION

A nev experimental program, re-
quiring several channels of smoking
control, prompted developmant of a
muliichannel system which overcame
the disadvantages found in the early
uyltem(l) and vhich incorporated new
experimental requirements. Extensive
wodifications became necessary to up-
date the three-channel system to com-~
plement the newly designed six-chan-
nel unic,

Review of the results of the
early experimental work indicated
seversl items wnich had to be altered
to provide more accurate data and to
more nearly simulate smoking {in man,
To satisfy the wuxperimental scope,

the now system should:

*This development was supporied by
funds from the Inhalation Toxicology
Section, Biology Department,

0012051

modified and a

+ Sense tidal volumes in the range
of 50 cc to 300 cc.

* Hold the cigarette as close to
the canine's mouth as possible.

« Maintain airtight masks around
the face.

+ Use solenoid air valve with
positive closure to prevent
suoke from creeping into mask
on each braath of air.

* Vent exhaled air through ports,
not through the cigarette.

+ Minimize dead air space in the
mask assezmbly.

» Provide masks sasily dinassen~
bled for cleaning and repair.

+ Prevent canines from anticipat-
ing the inhalation of smoke.

+ Include solenoids operating
quietly without excessive temp-
erature risse,

Using the above rejuirements,
design and fabrication of a nine-
channel system followved, This sys-
tem can best bes described physically
as @ single unit, stressing systea



operatior, snd coaponent placement.
Rlectronically, system description
focusses on a single channel basis
vith the aid of @& block disgram.
Discussion of ths msthoda used to
facilitate the requiraments sumpar-
ize the systea.

DISCUSSION

Syases Tescription
Tigure 1 illustrates the nine-

channel system arranged in a "horse-
-shos" configuration. Since the mask
assoublies, sensors and wiring, and
power asseablies would clutter the
figure 1{f shown for each position,
the various componzats appear only
for description. Positions 1-3 ill-
ustrate the mask holder attached to
the lower front of the pillory board

39

BL~1031

Part 3
in the Down Position. Attachment of
the mast assembly in this manner re-
stricts lateral movement, preventing
possible damsge to the mask by the
dog's attempts to fres himself from
the system. As the misk assembly
veighs approximate’y one pound, the
holder serves a support function as
wvell.

Positions 4-6 on the center pil-
lory board, TPigure 1, depict the 28
volt power counnections foz the ro-
tary solenoid and the alarm light.
This light energizes momentarily as
the rotary solenoid energises. 1f
the squipment fails o apnes occurs
during the smoks breath, the light

remains on to alert the operator of
a distress condition,

Tygon tubliag,

vhich coaveys

0012052 propps 1 - o-chamat Gnoking Syetem




pressure signals to the seasors,
appears in front of the 7-9 pillory
board. Nylon connectors fitted into
the table top facilitate tubing re-
placemsnt vhen necessary. The pres-
sure sensors, located on ths back of
the lower shelf, are shown mounted
center front.

Both control uanits, centrally
located on @ low table, provide ac-
cess for oreration snd wmaintenance.
Hence, signal and control cables re-
main under the table and out of the
vay at all timas.

The "horssshos" configuration
psrmits nine dogs to smoke simultan~
eously vith only one handler and one
opsrator. The handler, operating
from the bdack of the tadle, places
the dogs in their stalls and remsins
there during exposura to assist any
dog in distress. The operator inside
the "horseshoe" inserts, lights, end
changes cigaretts as necded. He also
monitors the electronic circuite and
alarm lights.

After the dog has been secured
in the pillory, the handler fits the
waczk assembly over the dog's mouth
and nose, Ties secured behind the
hJad hold the mask {n place, The
smoking cycle begins by inserting a
cigarette into the holder, selecting
tha proper dbreath ratio on the con-
trol unit and eugaging the manual
resat to atart the dog with air

0012053
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rather than with smoke. After each
animal takes the denoted mumber of
air breaths, the solenoid energizes
permitting him to take omne smoke
breath prior to channel vesets and
recycle.

Channel Oraxaticn
Channsl opuration can dest dbe

described with the block diagres,
Figure 2. As the dog inhales air
through the mask and the lower vea-
turi, a negstive pressure (approxi-
mately 0.4 dan. BZO) excites the
pressure switch which generates an
approximate squars wave at the iaput
of the counter driver. The counter
driver delays the signal until the
end of ths inhalation cycle then
shapes the pulse to maks it compat-
ible with the binary counter.

The 4-Dit binary counter, com-
prised of four integrated circuit
clocked flip-flops,uses binary coded

Drtver

Sy
\ — .
fomt > Wit
Vuply ] Poass upty

FPIGURE 8 - Chaowmel Blook Diagram



decimal (BCD) 1-2-4-8 1logic. The
Breath Select Switch chooses the de-
sired number of counte from 1-1C and
sets a quad-input NAND gute. When
all NAND gate inputs correspond to
the switch setting, the gate pro-
duces the logic signal to activate
the relay driver.

Upon actuation, the relay an-
plies 28 volts to the mask-mouated
rotary dc solenoid and also sets the
counter reset circuit., With the
solenoid energized, the dog's next
inhalation passes through the cigar-
ette and its venturi chus activating
the pressure switch and creating the
raeset signal. Inverted and aquared
by the counter reset circuitry, this
signal resets the binary ccunter.
Simultaneously, the rotary solenoid
deenergizes, shutting off the smoke,
and the dog resumes breathing air,

Test circuits ensble the opera-
tor to monitor the signal condition-
ing purtion (pressure switch, count-
er driver, and binary
4ny chonen channel with a meter,

counter) of

HMank Design

The mask now utilized evolved
after wmany attempts to correct ailr
leaks, smoke luakage, dead air space,
cigarette position and sensor loca-

tion problems. It coaprises two
which join to-

gethar to forwm an ‘ntegral unit.

061Z05Y

major subassembilen
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The face-fitting portion of the
mask appears as & & in, long cylin-
der, 3 in. diam, cut as rhown in
Figure 3. A rubbe- glove and latex
veal formed around the back (A) pro-
vide airtight seals about the qog'e

head. Gauze ties (B) secure tho mask
to the head. The mouth fits around
the mouthpiece (© , insuring that
the inhaled air will eanter through
the flapper valve subassembly. A
low resistance exhale valve (ﬁ) rap-
idly vents smoke and sir from the
mask, Since some dogs salivate ex-
cessively during the experiments, a
small stopper (E) may be removed
periodically to drain saliva from
the mask,

The flapper valve ssseambly con-
sists ¢f @ valve housing G). mount-
{ng bracket (§), and rotary solencid
(E). The intake wmanifold, through
which . {og breathes via the mouth-
plece, e 435* 1included angle,
while the rotary solenoid travels
through 67°, This assists in achiev-
ing & "ight closure on the flapper
valve. The lower wide of the housing
holds the air port and venturi (Z) ’
wvhere breath counting signals origi-
nate,

hag

The ci{garettes holder-venturi
(E) attaches to the top of the mani-
fold,

Actuation of the rutary sole-
noid (E) rransmits
flapper valve (E)

torque to the

through the Tygon
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coupler {l’,IVActuntlou pover enters
through vires (i) » which coanect to
the 28 volt power ronnector,
1.

Figure

RESULTS_AND CONCLUSIONS

Overall system operation may be
said to be satisfactory; however,
wmodificstions to the mask wund count-
er may be {orthcoming as experimen-
tal dats warrant,

Presently, the system sensitivi-
ty roquires spproximately 50 cubic
ceniL. moters (cc) of air per breath
to actuate the This
sensitivity depends on the d.ameter
of the ventur{.

transducers,

A more senaitive
system

Woi k&

requires & smal)ler vanturf,

limit the venturi
dimensions when the orifice becomes

functions

too small for the dog to breath com-

fortably,

To simulate smoking (n man, the
cigavette should he as close to the
dog's mouth am possible, A previous
mask held the cigarette approximat +-
ly 2-3 inches away from the mouth;
thirx mamk moves the clgarette to

within 1Y, {n, of che mouth,

To assure proper operatlon of

the coentrol  s,ntem and fosuse that

the dJog fohalen through the clgar-

ctte when he solenold eoeryizan,

the mask must be afrttgh , am accom-
allshed Ly  the

descrihed rvubber

BL-1951
Part 3

seal. A tight fit of the flapper
valve 1in either position insures
that 0o smoke enters on sir breaths
and that a smoke breath cannot be
byﬁnsucd by & leaky flapper valve.
Exhalation poses no problem with the
use of 8 lov resistance exhale valve

The original experimental systes
contained a dead air space of volume
sufficient to permit shallow-breath-
ing dogs to breathe from this spacs,
inhaling deeply only occasiunally.
Wicth the respiration rate effective-

ly reduced, the sensor failed (o
count properly, thus allowing the
cigarette to burn down essentially

unsmoked. This problem hss been

greatly reduced by removing all air

hoses, bringing the nose and mouth

closer to the flapper valve, and
slightly reduring the diameter of
the mask,

In the sarlier system, the srole-
noid actuated with asuch force and
noise that the dogs learued ‘n short
periods of time that the braath fol-
lowing the noisu would contain amoke
and touvk action to beat the system,
The rotary saolenoids circumvent this
problem with rotary rather than ple-
ton travel and padded rather than
metal valves,

This new system minimizes the
problems encountered In the eavifer
syatem and wocema Lo he nuitahle for

"he experimental ascope of the pro-
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gt1a. As experiments proceed, the s
wvill probably bde new problems re-
quiring engineering atteaction. The
design oprovides versatility suffi-
cient to permit simplé incorporation
of minor changes in minimal time,

| A _g”
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