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Abstract

A portable air gsampler wee developed whioh will
monitor coneentrations of tritium in alr between
4 % 107° and 1600 % 10™® microcurie per nubic
aentimeter .



Introductlien

In the handling of the tritium asecelsted with hesvy water meder-
ator there is a pesaibllity that some of 1t, 1o the form of tedti-
ated hydrogen or water vspor, may become airborne. An instrument
ie peeded which vwill guantifatively messure tritium in eir in order
to protect pergonnel from the redisticn hezerd associsted with
tritlum,

Deeplrabie reguirements for such an instrument are that 1t be:

#® Fortaehle,

® Bengitive to 5 ¥ 10°° microcurie per cuble centimeter {pc}cc] of
trltlum in alr.

® Lineay on all ecaleEk.

® Iogensitlve to germe rediation,

® Inepnaitlve to all ionizatiom not cocurring wlthin the isnization
chambsr.,

# Eguirped with so lon chember which 1 essily decorteminsted or re-
placad,

Thie paper deseribes an lngtrment developed to meet these requires

ments,

Summary

A pertable tritium air sempler was developed which scourately de-
tects concentretions of tritium in air between 4 ¥ 10 amd 1500 X
107° uefec. The inatrument conelsts of a DC amplifier eircutt,
two ienization chambere, & deloendzer, mnd a hettery-operated metor
snd blower. The total weight of the unilt is 18 pounds.



Comrs compensation ls used to permit measuring low levels of tritium
gotivity in & gamw fisld. Alr dis drawn through a sample chanber
which paeses & current proportional to the seoma field and the
tritium in the elr ssuple. The compeneetlng chamber 1s adjusted to
have the seme gamms sensltlvity ee the sample chambsr and ie con-
mected in the clrcult so thet 1ts current svbtrects from the sample
chanber curremt. The differsncs current, which is proportlonel 4o
tritium mcbivity alones, la snplifled and displeyed on the meter
indlcetar.

A deionizer 1s used to trap lons formed hefore the sample air
enters the ion chamber.

The ingtrent wes svelusfed under verying levele of alr setivlty
and showed good agresmert wlth nonportsble lestrumenta ueed for
tritium alr monitoring.

Dilscusslan

General

The portable tritium air sempler cperatee on the same principle as
the model 101 Sniffer {reference 1), s tritium alarm device de-
velopad ot Los Alewes Secientific Leborstory. The air being sampled
1g eontinuouaely drewn through an ion chamber by = blower. Ions
sauded oy tritium bete radiation sre collected, and the resulting
current flow ia amplified and resd on & wloroammater.

Berause 1t wes desiresd to use the portable tritium alr sampler ae
B health physics menitoring ingtrumant, three sddltlonal require-

ments not necemmary to an alarm device were copaidered. These wers:
® The instrument resding should not be affected by gamoa rediation.
® Only ions formed within the ion chambper should be eollected.

& The gmplifier should be livesr.

The above requiremente were met by using 2 gamma-compensating lan
chanber, & delonizer, and s thres-stage DC smplifier.



Tne over-sll dimengions of the ifnstruwzent are 5 X 10 X 1€ inches
long. The totel welght including batteries and blower 1& 18 pounds.
The szeewbled wnlt 1s ahown in figore 1.

Gamma Compensation

A pompensabting chember is used to minimize the sensitivity of tbe
ingtrument to geame radismtion. The sampling chamber haz an opering
at each end through which en eir gtrean ie drewn. Ton prire are
farmed in thig chember s & result of both germe and trltium bets
radiation. The compenasting chamber hss s volume egual to the
sampllng nhamber; however, it iz ¢losed and measures only gema
rediption, The collscting elsctrodss of each chegher are connmected
to the grld of the electromster tube. The econductive walls are
equally and oppeaitely polerized. Any radistion common ¢ botn
chambers (@ would be the cese in & vnlform gumms £leld) results

in the emnmcellation of currewt flaw scrose the ldgh-megolm lnput

repletor.

lomization Chambers

Oonstruction. The lonizetion chambera (figurs 2) ave constructed
of Flexlgles, and each has & volume of spproximately LB0CQ ce. Cham-
ber (&) le the compenseting chamber, and since it will uot hecoms
contominated, it need not be removed onmce it hae been lnetalled.
Chember {B) hee en opaming at esch end for passege of the air belng
gampled. The chamber is expected to become contanminated and there-
Pore i1r removeble for cleaning or replacement. Chember (c) is a
ppare and ig shown without the black cenductlve costing which is
applied hefore uss.,

The lom chathers are plugged into bansnae jacks mounied on the chassie
(to counect the sonductive walls into the cireult). The three holes
in the top of the lon chambers sre for the collecting slesctrodes.
Figore 5 ghows the chessls compertment inta which the ilon charmbers
pre lnperted,



The collecting eleetrodes, mounted in "Meflon", have gusrd rings to
reduce lsakege scrosg the "Teflon" insulation. Each chanber haa
three collecting electrodes to glve s uniform ealectric fluld. They
ere permancotly atiached to the cheeels and are not disturbed when

the chembers mre removed or inserted.

Adjustable Ionization Chamber Volume. ZSmall differences in effec-
tlve volumes are to De expected in ion chambers desdigned to svold
cogtly machining oparsations. A emaell volume difference resgulte in
an erronscug resding when the ingtrument is placed in & high samma
flux becauge of the incomplete cancellstion of current. The megni-
tude of this arrar 1s dlirectly proporbional €o the gemoe flux. In
order %o correct for thie differsnce, the compensating chamber hos
an inaide falge wall made of a thin gtest of bhrass. MNoving the
hrass wall changes the effective voluws of the ion charbsr. ‘The
compengating chapbher ip slightly larger than the sampling chesber
to lnsure that the velume difference will be within the range of
gdJustment. The sdjustoent 1z msde st the time of calibreticn
without remgving either chamber fron the ingtrment.

Duionizer

Bince 1t i desireble to collaect only thosa ione whizh ere aauasd
by tritium bete readiation within the chanmber, & delohizer la o=
vided fto repove sa many ions as poeslble from the sir before 1t
epfters the chamber. Ione ney he present in the etmosphere belng
ganpled because of amoke, lonizlog rediaticn, ste. The delonizer
efficimntly removes free lons frowm the alr sample. However, largs
eharged particles, such ag thoese in eigarette emoke, Bre not effl-
clently collected by elther the delonizer or the messuring chamber,
Therefore, the instrument resding is not sericusly effected by
Bmake vniesgs 1t 1a present in such Iarges concentratlons thet it 1s
easlly vieible,

The delonizer is housed 1n ab aluminum cylinder etteched te the
front of the instrument. It conslste of peaitive and nepetive
electrodes suppiied by elght 204-volt hatteries connected 1n series.
Pigure 4 shows the construction of the delonizer.



Electronics

The amplifier is the same es that used in the Samson alphe survey
mater {reference 2) with minor modiflcations. This amplifier was
chogen because of i1te stebillty, linearlty, snd high current gain.
It 1p a three-atage DC amplifier in whieh the Input tube serves as
en electrometer. The aircuit employs 100% negative feedback for
gtability end heg a current gein of approximately 1 X 108, The sn-
plifier is linear over the range thet ls used and hse a &rift rate
of 8% of the %10 seala in the first howr, after three minutes
warmap. The clrcuft dlagram le shown in figurs 5.

AC nolse, developed in the amplifier is redpced by capacitor Ce101
in parellel with the input resistor. The capacitor counterastsa

the shunting effect of the input capacity on AC feedback. C-101

ig a coetlng of condustlve paint on the xlagps cese of the input
regtatoar, When thils capacltor ig not present, circuit nodse causem
meter flustuations ee high a8 40 micrommperes. These fluctuations
pra reduced to less then 3 mierommperes when G-101 is in the clrouit.

Motor and Blower

The metor snd blower ere housed in the battom of the lngtrument
(figure 2). The motor 1y operated from two S-volt battariea in
parallel and hae = continueus operstion time of ebout 20 hmirs on
ene get of hatteries. Battery life is sotually much greater 1n
ordinary use beceuge the motor is not normslly run continucusly.
Alr flow through the chember L Detween 0.75 and 5.3 cfm.

Tor esse of replasement, the batieries are sccezeible through a
plate at the rear of the lnstrument.



Calibration

Inltiel. In order to determine whether or not the inetrument would
reppond Lo Yritfum ag expected, an experimental arrengement wes sst
up in the leboratory as shown in flgure &, The portable tritium sir
sampler was comnected in ssries with 3 60=-liter box in z closed Byse
tem. Tritivm was introduced loto the box In the form of vaporized
HTO by firgt drying the sir in the box with piliez gel snd then
plecling & tray containing & sclution of liguid HTG in the box.
After gulficlent trltivm oxide had evesporated to give the desired
econcentration of trltiun, the trey wae removed. The gir was then
clrculated continually by the instrument blower to give = wniform
eoneentration throughout the system. 4 standawd Applied Physice
Uorporation chember connected to B celibrated vibrating reed eleca
trameter was used to meapure the amount of tritlum in the sampla.

Meler resdinge of the pertable tritium air sampler and of the vi-
brating reed slectrometer when asmpling the same tritium atmoaphere
teken on two different test runs ere compared in the table on page
T. Lower levele of tritium concentration wvere cbteined by dimcon-
me¢ting the tubing at one point for a short time to sllow contamia
nated mir in the system 1o becoms dilubed.

ALl of the resdings of the portable tritium elr sampler sod the
vihreting reed elentrometer mgras within tEE%, which lg estimated
to he the accuracy of the air sampling method uged.



Portabhle Tritium Vibreting Reed

Alr Zampler, EBleastrometer,
Bun Semple No. % 10=% uofac % L0™5 pefen
Firet 1 1080 820
z 850 1037
3 430 411
& 18k 161
s 105 110
E 70 2L
Amcond 1 350 2EQ
2 210 164
b 152 121
4 105 o5
£ =t B8
B B5 47
T 35 bl#]
B =25 25

Some regldusl ceotemination wee noted after the chember had been
expoeed te relatively nlgh concettrations of tritium. In one in-
atance, affer exposure to 1500 x 10=S usfec consentration for 15
minutea, approximetely 30 minutes were required for complete evacu-
ation. Apparsot evacustion was noted in a much shorter pericd of
time, but the meter Indication slowly increpsed after the blower
waa turned off. This drlft wvas probably due to relesse loto the
chamber ¢f tritium sxids which hed been adsorbed on the chember

walls.

Routine. Froviaion is included in the portable tritium alr smmpler
to use o pgamma source for celibretion, aince routlne ealibretion
vaing tritium ie impractlesl. A ewltch 1s provided which eliminstes
the gemua-compensating festure during ealibretion anrd places the
twe ohatibers iln parellel.



The followling ealeulation te used to determine the gamme equivelent
of tritium bets redletlon.

Tor sir contelning e tritium concentretion of 1 x 107° wefoe, the
purrent flow due to iconizetion within the chember ie

I - {1600 ac]il ¥ 1077 wefea)(3.7 ¥ 1ot d/8) {56090 evi(l. b X 10-*% caulemn)

35 v

= 1,54 A 10_1u anpere

whare: 1600 ¢o = polums of lonleatlon chambor
. T X 10“ dfe m dizintagraticns per sedond far 1 miaroourle
EEAG ev = averape eneTgy of tritlva bete in electron volta
1.6 X 10717 . eherge of an alsstron in aculombd

15 ay = gnebgy 1n alestron volte, glven up by trlflum beka

forming an lon palr In elr [reference 3]

By & gimilar celculstiown, it can be shown that for a field of one
millirnentgen per hour of gamms radiation, 14.8 ¥ 1Y% ampere
will flow in the same circulf.

14,6 x 10°M amp 1 % 107% pofen 5 Lefce
— - - . b4 -~
Therefore, T 2r/te X T.54 % 10-1 9.61 X 1F 2

It can be seen from the above calculation that a fleld of 1 mr/hr
ceuses the same current to flow as 9.81 x 107% pefoe tritium. He-
canse two chembers are used in calibreting snd only one in delecting
tritium, 1 mr/hr of gemma radistion glvee & reading equal to 2

(9.61 x 10"3) or 19.22 X 1075 us/ee tritium.

Becauge the characteristlce of some of the clrcult components may
change with use the ssmpler ahould be reseslibratad every 2 weeka.
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