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ABSTRACT

A tissue-equivalent lonlzatlon chaabcr with
associated circuitry haa been developed for area
radiation aonltorlng In the Intenae Pulsed-Neutron
Source (IPNS) facility at Argonne Nationc! laboratory.
The conventional chaaber configuration waa aodlfled in
order to increase the electric field and effective
voluat thereby achieving higher *eoaltlvlty and
linearity. The instruauint provides local and reaote
radiation level Indication* and a high level alara.
Twenty-four of these lnstruoents were fabricated for
uae at various locations in the experimental area of
the IPNS-1 facility.

Introduction

The pulsed neutron source la a reaearch facility
which has unique Instrumentation requlreaents
particularly in regard to area radiation aonicoring.
The faci l i ty conslata of a SOO MeV rapid cycling
proton synchrotron and a SOO MeV llnac Injector to
provide an Intense pulsed beaa of protona. The
protona interact in a depleted uraniua target to
provide Intense pulsea of neutrons. The neutrona are
aoderated and then utilized in a wide variety of
aaterlal science research prograaa.

The synchrotlen operates at pulse rates up to 45
Hx with a pulse duration of 100 ns»c The resulting
duty factor of 4.5 x 10~6 require* a radiation aonltor
with the capability of accurate response to very high
loatantaneoua doae rates. The peak doae rate during
tht 100 ESCC proton pulae due to a coablntd field of
fast and slow neutrons, and y rays, Is 22,000 rea/hr
or an average of 100 arca/hr at the aaxlaua rate of 45
pulses/see. This Instrument linearly aeasures the
t lae averaged dose rate due to a coablned fast and
alow neutron and y-ray field over the range of 0.25 -
100 area/hr. Therefore, radiation aonltors for this
area Bust have a linear response over a range greater
than eight orders of magnitude.

Design Considerations

Tissue equivalent lonlzatlcn chaaber* should be
fi l led with a gas alxture which has a constitution
alallar to that of tlssus. The ratio of nitrogen to
hydrogen in t issue iu about 0.4 by weight.
Maxlalxlng the neutron sensit ivity and the ratio of
neutron to y-ray aenilt lvlty leads to the choice of
nigh pressure hydrogen at the prinary chaabcr filling
gas. Therefore, the new chaaber 1* f i l led vlth 0.55
ata of H2 and 19.45 ata of U2- At theraal energies
only about 251 of the radiation done in tissue Is due
to hydrogen via the lh(n,y)2H reaction. The remaining
dose Is due to the nitrogen via the 14N(n,p)14C
reaction.
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Fig. i . Cross section of new ionication chaaber.
Introduction of center poet increased the
act ive voluac by 131. Increasing Che
dlaaeter of the co l l ec tor e lectrode
decreased the distance between the collector
and high voltage e lectrodes , thereby
reducing recoablnatloa losses.

A cross section of the new chaaber, LND aodel no.
50*30, la ahovn in Pig. 1. This it a codified v i s ion
of LND chaaber1 aodel no. 50413 which i s hyirogen-
f l l l ed to a pressure of IB ata. The chaaber i s
cylindrical with a length of 40 ca and a dimeter of
IS ca. The outside shell which Is aade of 3 • • carbon
steel Is the containaent -vessel fcr the high pressure
gas and an electrical shield for the high v o i ^ e and
collector electrodes. Connections to the electrodes
arc through seals on the top face of the chaaber. The
high voltage electrode Is a cup vith a dlaaeter of
about 14 co and the collector electrode la an Inverted
cup 7.62 ca In diameter.

An laportant performance criterion for lonlzatlon
chambers la linearity of lesponse as a function of
radiation f ie ld Intensity. However, as f i e l d
Intensity increases, recombination losses Increase.
The percentage loos ti lonlzatlon current due to
recoablnatlon aiay be expressed by2
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I - current In A,

I , • Matured saturation current In A,

f}m proportionality comtant In c»3 aec/lon-palr,

n - Ion pairs/cm3 sec toned In the chamber,

P - prttture la arm,

d * electrode separation in cm,

u • mobility for Ions in en2 atm/Vsec,

V " applied voltage in voltn,

e » charge of Che electron, »ud

Equation (1) states that recombination losses are
Inversely proportional to the square of the voltage
applied to the electrodes, directly proportional to
the fourth power of the distance between the
electrodes, and directly proportional to the square of
the pressure. We modified LND model no. 50413 by
Inserting a high voltage electrode center post Into
the volume of the collector cup and by Increasing the
collector electrode diameter from 4.75 cm to 7.62 cm.
Insertion of the center post Increased the sensitive
volume by 132. The Increase In diameter of the

• collector electrode decreased the distance betvt>n the
collector atJ high voltage electrodes by Hi. A
pressure of 20 atm and a collector voltage of 5 K.V is
used in the new chamber Instead of 18 atm and 3 KV
which was recommended by LND for model 50413. Using
Eqs. <1) and (2), the percentage loss In lonlzatlon
current due to recombination at a dose rate of 22,000
rem/hr Is calculated to be 6.6Z for the new chamber
and 622 for the original model no. 50413. . Thus,
calculat ions s'icv that as a result of these
modifications ionlxation current losses due to
recombination were reduced by about 10 times.

Table 1. The response of the new chamber i s
calculated for neutron energies ranging froo
0.025eV to 6.5 MeV. The calculated response
Which Is litttd In the right-hand column 1»
plotted in Fig. 2.

Mutn*
B»rnr

100 W

i ur
x w

1 « W

IKeV

i *v
S M

t.SHtV

uFTww

1.01

I.H

l.ZT

J.7J

12.1

23.7

la^tn.

1.1

J.S

s.o
4.6

4.1

Icorr
10"l4Vn»

0.11*

o.u»
0.1M

•.400

I.J>

4.J7

S.74

S.M

4.70

Mural Iliac (nv)
Hrra/K

2M

2M

m
•0

i i

7.J

\ «

i.i

7

RctpcmM

IO'13V«rmflir

S.I

5.0

2 . t

1.2

2.S

J.I

<.S

1.1

S.I

In order to estimate the neutron response of the
new chamber In A/mrem/hr as a function of energy,
calculations were made for nine energies over the
range 0.025 eV to 6.5 NeV. The results are shown In
Table 1. Values of lonlzatlon current/unit neutron
flux (the I a e a ( column) at five neutron «?erglea were
fursishsd by LKO far the 18 at- hyHrnitn-filled
chamber no. 50413. The 0 t o t column l ists calculations
by lampol'skiy3 for the total dose In tissue due to
capture and scattering reactions In hydrogen and
nitrogen for neutron energies from 0.025 eV to 1 MeV.
We corrected the lBeas v » l u e i t o S l v e *corr o v adding
to I a c a s eh* percentage of the nitrogen capture
raactlon In D t o t at 240 keV and an additional
percentage for the Increase in hydrogen pressure from
18 to 19.V5 atm. The four lower energy values of
I c o r r arc the result of multiplying Icorr • ' 2*° k c V

by the ratio of D t o t to D t o t se 240 kev". I c o r r vat
then multiplied by values in the column headed
ov/arem/ht to give the response In the last column la
A/mrem/hr. The values in the column nv/mrem/hr account
for the biological effect of neutron radiation as a
function of neutron energy. The response in the last
column was plotted and Is shown in Fig. 2. The
average of the response Is 3.2 x lC"13A/mre»/hr for an
energy range of 0.025 eV to 6.5 MeV. Calculations
showed that, the effect of scattering and capture of
neutrons In the chamber walls was negligible.
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Fig. 2. The Response column of Table 1 Is plotted as
• function of neutron energy. The
calculated neutron response of the new
chamber averages 3.2 x 10"15A/areo/hr for an
energy range of 0.025 eV to 6.5 MeV.

The y-ray sensitivity for the new chamber was
calculated and found to be 1.3 x 10"12 A/mrem/hr for 1
MeV Y ray:-. The ratio of neutron to >-ray effective
dose is estimated to be 10 or more at the 1FNS-1
facility. Therefore, there is no danger of the Y-ray
induced current overwhelming the neutron Induced
current. Because the major portion of y rays are
above 100 keV, reduced sensitivity at low energies due
to absorption In the chamber walls wil l Introduce
negligible error.



Meaaured Response of Nev Chaaber

The aeasured neutron responae of the new chaaber
at aiz neutron energies la ahovn In Fig. 3. The
cfaaaber current/area/hr la plotted aa a function of
neutron energy from 0.08 HeV to 4.5 MeV. The Fact
Neutron Generator faci l i ty at ANL vac u»ed •» it»s
aource of neutrons. At thla faci l i ty protons are
accelerated onto a l l t b l u a target to produce
noaocnergetlc neutrons. The proton beaa Intend ty •:••
adjusted to provide alx known neutron energies. A
flaalon counter vaa uacd to determine the neutron flux
denalty. The average response over the energy range
froa 0.3 MeV to 4.5 MeV la 4.3 z 10~13 A/area/hr which
la soaevhat higher than the average reaponae of the
calculated value of 3.4 x 10~" A/area/hr. Two
factors contribute to the higher average response than
uaa calculated: 1) Increaae In sensitive voluae of the
modified chaabcr (131) and 2) Increase In doae due to
y ray* (3t of the neutron dose).
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Fig. 3. Tna aeaaured neutron reaponae of the nev
chamber averages 4.5 * I0~13 A/area/hr over
the energy range of 0.3 HeV to 4.5 MeV.

Electronics

The electronic circuitry for the nev chamber Is
shovn schematically in Fig. 4. The electroaeter stage
la a paraaetrlc amplifier which has an input bias
current of ±2 x 10~"A. Because the new chamber has a
sensitivity of 4.5 x 10"13 A/area/hr for neutrons this
corresponda to an error of lcaa than ±0.01 mrea/hr.
The Input offaet voltage for the electroaeter atage Is
+10 ftV/°C vhlch results In an error of lcaa than
±0.004 area/hr for a+10°C variation In temperature.
A teat current of 3 x 10~12 A la provided for checking
the chamber sensitivity and testing the electronics.
The calibration stage which has a potentiometer-
controlled gain allows calibration of the lnatruaent
so that 10 V at the output la equal to 100 aren/hr aa
indicated on the local digital panel aeter. An analog
output ia provided for the IPKS-1 central control
syatca. A relay contact output 1« also sent to the
central control system for indicating whether the
discriminator set level has been exceeded.

Fig. 4. The calibration atage nullifies differences
between monltora caused by dlfferencea ia
the chaabera and In the high-meg feedback
rcalstora. The calibration potentiometer la
adjusted so that 10V at the output la equal
to 100 area/hr. The average doae rate in
arca/br la Indicated by the local digital
panel aeter.

Calibration

A 5 Cl PuBe neutron source and a 0.7 Cl
Y-ray source were uaed to calibrate the aaaeablcd
aonltore. For the geometry uaed In the calibration,
the doae rate for the neutron source la known to +51
and the dose rate for the Y-ray source i t known to
±1Z. For the 24 Instruments, the chamber current
ranged froa 4 to 6 x 10~13 A/area/hr for neutrons and
0.9 to 1.1 x 10~1 2 A/area/hr for V ray*. The
differences In current from chaaber to chaaber vere
due to alight variations in the calibration geometry,
to differences in the chambers, and to differences In
the electronics In vhlch high-meg resistors w«re used.
The calibration stage In the electronics nul l i f ied
theae dlfferencea.

Packaging

A photograph of the area radiation monitor 1*
shovn In Fig. 5. The center of the lonltatlon chamber
la about 1.25 meters above floor l e v e l . The
electronics and high voltage supply are housed in an
air tight metal container vhlch is gasketed to the
chaaber face. Deslccants within the container keep
the relative humidity low thus minimizing leakage
current* on the t .faces of Insulator's. Audible and
v i s i b l e alarms are aounted at the top of the
Instrument. The power supply and battery pack are
aounted on the pedestal. The batteries are sized such
that the lnstruasat operates for about eight hours in
case of AC pover failure.



Conclusions

A radiation monitor ha* t>>tea developed which
clearly aeeta the special requlreaentt of a pulsed
neutron source* These requirements are:

1) Meaaure the time »v»r»;« isss rsts £~c
to a combined faat and alow neutron
and y-rsy field.

2) Respond linearly over an Integrated
range of 0.25 to 100 area/hr.

3} Respond linearly to peak doae rates of
22,000 rea/hr.

In addition, the monitors provide the following:

1} A local aetcr to Indicate the average
doae rate.

2} An audible and visible alara and a
relay contact output whenever dose
rate exceeds a preset level.

3) An analog output algnal compatible with
the IPKS Central Control system for
beam shutdown, steering, or, focusing.

4) Continuous operation via rechargeable
batteries In case of AC power failure.

Twenty-four aonltora have been fabricated, checked
out, and calibrated. 'Fifteen of these are Installed
and operating satisfactorily at the IPHS-1 facility.
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