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ABSTRACT

A tissue-equivalent ionizaction chamber with
associated circuitry has been developed for area
radiation monitoring in the Intense Pulged-Neutron
Source (IPNS) facility at Argomne Natioprl Laboratory.
The coaveational chamber configuration was modified in
order to increase the slectric field and effective
volume thereby achieving higher sensitivity and
linearity. The instrument provides local and remote
vadiation level indications and a high level alarm.
Twenty-four of these inatrumenta were fabricated for
use at various locations in the experimental area of
the IPNS-1 facility.

Introduction

The pulsed neutron source ia a research facility
vhich has unfque instrumentation requirements
particularly in regard to area radiation monitoring.
The facility consists of a 500 MeV rapid cycling
proton synchrotron and a 500 MeV linac injector to
provide sn intense pulsed beam of protons. The
protons ipteract in a depleted uranium tsrget to
provide intense pulses of neutrons. The neutrons are
moderated and then utilized in a wide variety of
material science research programs.

The syachrotxcan vperates at pulse rates up to 45
Hz with a pulse Curation of 100 nsec. The resulting
duty factor of 4.5 x 10~6 requires a radiation monitor
with the capability of accurate response to very high
ivstantanaous dose rates. The peak dose rate during
the 100 nsec proton pulae due to a combined field of
fast and slov neutrons, and Yy rays, 1s 22,000 rea/hr
or an average of 100 mrem/hr at the maximum rate of 45
pulaes/gec. Thia instrument linearly measures the
time averaged dose rate due to a combined fast and
slow neutron and y~rsy field over the range of 0.25 -
100 mrem/hr. Therefore, radiation monitors for this
area must have a linear response over s range greater
than efght orders of magnitude.

Design Considerations

Tissue equivalent fonizsticn chambers should be
filled with a gas mixture vhich has a constitution
similar to that of tissue. The ratio of nitrogen to
hydrogen in tissue is about 0.4 by weight.
Naximiziang the aeutron sensictivity and the ratio of
neutron to y-ray seniitivity leads to the choice of
high pressure hydrogen ss the primary chamber f£illing
gas. Therefore, the new chamber is filled with 0.55
atm of Ny and 19.45 atm of %Nz« At thermal energies
only about 252 of :he radiation dose in tissue is due
to hydrogen via the u(n.y) H reaction. The reulnlzls
dose is due to the nitrogen vis the N(u p)
reaction.
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Fig. 1. Crosa section ¢f new fonization chamber.

Introduction of cester post increaced the
active volume by 132, 1lncreasing the
diameter of the collector elsetrvrode
decreased the distauce between the collector
and high vclcage electrodes, thereby
reducing recombinstion losses. .

A cross section of the new chamber, LND model no.
50430, ia shown in Fig. 1. This {s a wodified v=rsion
of LND chanber! model no. 50413 whick is hyirogen~
filled to a pretsure of 18 atm. The chanber is
cylindrical wich a length of 40 cm and a di-meter of
18 cam. The outside shell which is madz of 3 ma carbton
steel is the coutuinment vessel for the bigh pressure
gas and an electrical shield for the high voi.age and
collector electrodes. Connactions to the electrodes
are through sesls on the top face of the chamber. The
bigh voltage electrade 18 & cup with a dismeter of
about 14 cm and the collector electrode 1s an inverced
cup 7.62 cm in diameter.

An important performsace criterion for ionization
chamnbers is linearity of rvesponse #s a fuanction of
radiation field intenzity. HKowvever, as field
intenaity Incresscs, recombination losses increase.
The percentage locs in fonization current due to
recombination auny be expressed by
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in which a = ' .2)
and,

1 = current in A,

Ig = measured saturation current in 4,

B = proportiocaality constant in c-3 sec/ion~pair,
n = jon pah’./cl3 sec formed in the chamber,

P = pressure in atm,

d ~ electrode separation in cm,

u = mobiltey for ions in cn? ata/Vsec,

V = applied voltage in volts,

e = charge of the electron, and

Ve = active volume of the chamber.

Equatfon (1) states that recombirnation losses are
inversely propor%ional 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 presaure. We modified LND model no. 50413 by
inserting a high voltage electrode center post into
the volume of the collector cup and by increasing che
collector 2lectrode 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 betwesn the
collector ard high voltage ezlactrodes by 442. A
pressure of 20 atm and a collector voltage of 5 kV is
used in the new chamber instead of 18 atm and 3 KV
wvhich waz recommended by LND for model 50413. Using
Eqs. (1) and (2), the percentage loss in ionization
current due to recombination at a dose rate of 22,60
rea/hr is calculated to be 6.6% for the nev chamber
and 622 for the original model no. 50413. . Thus,
calculations siivce that aa a result of these
modifications fonization curreant losses due to
recoubinition were reduced by about 10 times.

Table 1. The response of the new chamber is
calculated for neutron encrgies ranging from
0.025eV to 6.5 MeV. The calculated response
which is listed in the right-hand column is
plotted in Fig. 2.
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In order cto estimate the neutron respouse of the
new chamher in A/arem/hr as a funccion 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 ionization current/unit neutron
flux (the Ig,,¢ column) at five neutron »nergies were
furaished Ly LD for the 18 ate hydrogan—filled
chamber no. 50413, The D¢,y column lists calculations
by !a-pol'sk1y3 for the total dose in tissue due to
capture apd scattering reactions in hydrogen and
pitrogen for neutron energles from 0.025 eV to 1 MeV.
We corrected the L ., values to give I ... by adding
to Igeas the percentage of the nitrogen capture
reaction in D¢,y at 240 keV and an additional
parcectage for the increase in hydrogen presaure from
18 to 19.45 ata. The four lower energy values of
Icorr 2re the result of sultiplying Icv., at 240 ke¥
by the ratio of Dgoe to Dygp at 240 keVo I, wac
then multiplied by values in the column headed
av/arem/hr to give the response in the last columa ia
A/urem/hr. The values in the coluan nv/mrem/hr account
for the bilological 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 16-135/urem/hr for an
energy range of 0.025 eV to 6.5 MeV. Calculations
showved that the effect of scactering and capture of
neutrons in the chamber walls was negligible.
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The Responae column of Table 1 is plotted as
a function of neutron energy. The
calculated neutron response of the new
chamber averages 3.2 x 10-13p/nren/hr for an
energy range of 0.025 eV to 6.5 MeV.

Fig. 2.

The y-ray sensitivity for the new chamber was
calculated and found to be 1.3 x 10712 a/mrem/hr for 1
MeV Y ray:. The ratio of neutron to Y-ray effective
doae is estimated to be 10 or more at the IPNS-1
facility. Therefore, there is no danger of the Y-ray
induced current overwhelming the neutroa ianduced
current. Because the msjor portion of y rays are
above 100 kev, reduced sensitivity at low energies due
to absorption in the chamber walls will introduce

negligible error.
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Heasured Reaponse of New Chamber

The measurec neutron response of the new chamber
st 3ix neutron energies is shown in Fig. 3. The
chamber current/mren/hr is plotted as s function of
neutron energy from 0.08 MeV to 4.5 MeV. The Fast
Neutron Generator fsciiity at ANL was used as ihe
source of neutrons. At this facflity protons are
accelerated onto a lithium target to produce
nonoenergetic neutrons. The proton beam intensity ‘as
adjusted to provide six known neutron energies. A
fission counter was used to determine the neutron flux
density. The aversge respounse over the energy rsnge
from 0.3 MeV to 4.5 MeV 1s 4.5 x 10713 p/mrem/hr vhich
is somevhst higher than the -veufe response of the
calculated value of 3.4 x 10713 4/arem/hr. Tvo
factors contribute to the higher average response than
was calculated: 1) Incresse in sensitive voluae of the
aodificd chamber (132) and 2) increase in dose due to
¥ rays (32 of the neutron dose).
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Tne measured neutron response of the new
chamber aversges 4.5 x 10-13 A/mrem/hr over
the energy range of 0.3 MaV to 4.5 MeV.

Fi1g. 3.

Electronics

The electronic circuftry for the nev chamber is
shovn schemsticolly fn Fig. 4. The electrometer stage
is s parsmetric --gufier vhich hss an fnput bias
current of 32 x 10~15A, BRecsuse the nev chamber has a
seusitivity of 4.5 x 10713 A/mrem/hr for neutrons thia
corresponda to sn error of less than *0.01 mrem/hr.
The input offset voltage for the electrometer stage is
110 uv/9%¢c which results in an error of less than
10.004 mrem/hr for a +10°C variation in temperature.
A test current of 3 x 10742 5 14 provided for checking
the chamber sensitivity and testing the electronics.
The calibration stage which hss a potentiometer-
cantrolled gain allovs calibration of the instrument
so that 1G V at the output is equal to 100 mreu/hr as
indicated on the local digital panel meter. An snalog
output 1s provided for the IPNS-1 central control
system. A relay conzact cutput is also sent to the
central control system for indicating vhether the
discriminator set level has been exceeded.
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SLOCK DWGRAM OF AREA RADATION MONITOR

The calibration stage nullifies differences
betwveen monitors caused by differences in
the chambers snd in the high-meg feedbsck
ctesistors. The cslibration potenticmeter is
sdjusted so that 10V gt the output is equal
to 100 mrem/hr. The sversge dose rate in
sren/ur is indicated by the local digital
panel meter.

Fig. 4.

Cslibration

A S Ci FuBe neutron source and a 0.7 €1 137¢s
Y-ray source were used to calibrate the sssembled
monitors. For the geometry used in the calibration,
the doge rate for the neutron source is known to +52
and the dose rate for the Y-ray source is known to
+12. For the 24 1nurulenn, the chamber curreat
ranged from & to 6 x 10713 A/urem/hr for neutzons and
0.9 to 1.1 x 10°12 A/arem/hr for ¥ rays. The
differences in current from chasber to chamber vere
due to slight varistions in the calibration geometry,
to differences ju the chambers, snd to differences in
the electronics in which high-weg resistors were uged.
The calibratfon stage in the electronics nullified
these differences.

Packaging

A photograph of the ares radiation monitor is
shovn in Fig. 5. The ceater of the ionization chamber
is about 1.25 meters above floor level. The
elecrronics and high voltage supply sre housed in an
alr tight metal container which is gasketed to the
chamber face. Desiccants vithin the container keep
the relative huaidity lov thus uinimizing leakage
currents on the s-.fsces of insulators. Audible and
visible alarms are mounted at the top of the
instrument. The pover supply snd battery pack are
mounted on the pedestsl. The batteries are sized such
that the instrumeat operates for abou: eight hours in
case of AC power failure.
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The center of the ifonization chamber is
about 1.25 meters above floor level. An
audible and visible alarm is mounted at the
top of the instrument. The power supply and
battery pack are mounted on the pedestal.

Couclusions

A radiation monitor has Vzen developed which
clearly meets the special requiremente of a pulsed
neutron source. These requiresents are:

and ¥Y-ray field.

2) Respoud linearly over an integrated
range of 0.25 to 100 area/hr.

3) Raspond linesgrly to peak dose rates of
22,000 rem/br.

In addition, the monitors provide the following:

1) A local meter to indicate the average
dose rate.

2) Aun asudible and visible alarm and a
relay contact output whenever dose
tate exceeds a preset level.

3) An anslog output signal compatible with
the IPNS Central Control system for
beam shutdown, steering, or focusing.

&) Contlnuous'opcution via rechargeatle
batteries in case of AC power failure.

Twenty-four wmonitors have been fabricated, checked
out, and calibrated. "F{fceen of these are installed
aud operating eatisfaccorily at the IPNS-1 facility.

Acknovledgments

The authors are indebted to M. G. Strauss for
efforts expended in the administration of this project
eud the preparation of thia report. K. W. Bannon
helped to coordinate the activicies of many people
durfog the fabrication of the 24 monitors.

Refarences

1. R. ¥. Lehnert; LND, Inc., 3230 Lawson Boulevard,
Oceauside, Nev York 22572.

2. C. A. Colmenares: Bakeable lonization Chamber
far Lowv~level Tricium Counting. Nucl. Instr. &
Meth. 114, 269~275 (1974).

3. P. A. Yampol'skiy: Neutrons From an Atomic
Explosion. Discributed by the Office of
Technical Services, U.S. Dept. pnf Commerce,
(JPRS~11873) 1562.

4. Code of Federal Regulations, 10, 1980. Article
2.4, p. 191,



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Governmert nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accr-acy, completeness, or use-
fuiness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial produci, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.



