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GAMMA-RAY CONTAMINATION IN THE THERMAL NEUTRON

EXPOSURE FACILITY OF THE OAK RIDGE REACTOR
Edgar B. Darden, Jr., C. W. Sheppard, L. C. Emerson*®

To permit studies on the bilological effects of thermal neutrons a
special exposure facility as diagrammed in Fig. 1 was installed in the
thermal column of the Oak Ridge reactor., The exposure cavity is lined with
a layer of bismuth several inches thick to further attenuate any ¥ radiation
from the reactor not absorbed in the multiple layer of Bi brick forming the
floor of the column, However, studies with a Vietoreen dosimeter by Conger
and Stapleton (1) indicated the inherent Y-ray intensity in the cavity
amounted to ~6 r/min, ‘his type of instrument is not well suited for this
kind of work since it emits capture ¥ rays of its own. Also the introduction
of such a device may disturb the existing distribution of neutron flux some-
what, so that the reading obtained will not reflect the intensity of capture
v rediation normally present. In this report are described additional studies
of the radiation in the exposure facility utilizing a specially designed ion

chamber with a low cross section for thermal neutron capture,

ESTIMATES OF INTENSITIES DUE TO CAPTURE GAMMA

RADIATION FROM GRAPHITE AND BISMUTH

At the start it was desirable to lock into the possibility that the
offending 7 radiation originates primarily from normal capture procesées
in the surrounding media., In the mpture process the energy corresponding
to the mass difference in the initial and product nuclei is emitted as
& radiation, Also capture processes in the i;radiated sample as well as

* National Research Council Fellow in Radiclogical Physics
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Fig. 1

DIAGRAM OF THERMAL NEUTRON EXPOSURE FACILITY AND ACCESS SHAFT
The lower half of the shaft into the thermal column is shown in cut-
away view, The graphite plug is all the way in so that the exposure

box is in the treatment pesition,
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in the surrounding region are important in evaluating the biological effects
of thermal neutrons,

The intensity of capture radiation from the graphite may be approximated
to that present in anonabsorbing cavity in a semi-infinite mass of the material
uniformly irradiated with thermal neutrons. Under rather general conditions
of absorption and shape the intemnsity of the  radiation is not appreciably
affected by the presence of the cavity. To a first approximation the absorp-
tion of the radiation will be proportional to the density:of‘the absorber,
assuming Compton absorption primarily, The energy absorbed per gram will
be about the same in graphite and in air and will alsc be equal to the energy
produced, since in a large mass,essentially all energy produced is absorbed.

The energy will be

g —TeY g neutrons p —Dev oo barns . atom
gram sec am? sec capture atom gram

Where E = y-ray energy absorbed

i

F = neutron flux

B * binding energy of neutron
capture cross zection in units of 10"'2A w2 of atom

of atomic weight A. Values used for og are
from (3) unless otherwise indicated.

g¢c

it

Thus E = 0.602 F B Oe
A

For biological purposes E is more conveniently expressed in rep per minute

or per hour, Here 1 rep is taken to be the dose administered when

&3 s e 10P
lué X 10-6 ergs/mev - b‘* x 107 mev

are absorbed cer gram of tissue or tissue equivalent material and will be



considered for these purposes to be equivalent to 1 r of yrays.

. 0.602 F B o, (3600) %
re z _ = 42x10°FB °
B S T (52 % 109 ‘ ¢

In graphite o, for g2 = 0.0045, B = 4.9 mev; 9 for 0'1); = 0,1 and B =

8,2 mev, The relative abundance of 012 and 013 ure 99 and 1% respectively.
Assuming a ¢~ ~*ant flux F of 107 then for 032 —931)
rep/nr = 42% 1070 x 109 x 4,9'x 0,0045 x 0,99

12
= 91
apd for 013———% lez‘",
rep/hr = 42 X 100 & 109 x 8,2 x 0,1 x 0,01
’ 13
= 26

?

total for graphite:ll7 rep/hr.

The walls of the exposure chamber are several relaxation lengths thick so
that the same method caon be used to estimate the co;rxt*;c*iibution due to the
( ;'1, v) reacﬁion m bismuth.

:209

The binding energy for B: is 4.9 mev (6) and o, for the reaction is

0.015 barns. Since Bi~"? is 100% zbundant, then

rep/ur = 42 % 2070 % 107 % 4,9 x 0,015 - 15 rep/hr,
209
The total for graphite and bismuth is then ~~130 rep/hr not counting
attermuation due to the Bi walls, These walls are nearly & cm thiclk so only
about 947 of the incident radiation penetrates, assuming & total linear
coefficient of absorption p for Bi converted from thé.‘r, for lead by & small
mass, charge, and density ecorrection (7). Ierc u = (7%togt K\ where, 7

is the photoelectric coefficient, o s the scattering-absorpiion coelficient,

7



and x the pair production coefficient of absorption, but does not include
o g, the scattering coefficient of absorption for loss of intensity due to
scattering alone, since the radiation is incident on the exposure chamber from

all sides.
INSTRUMENTATION

It is difficult to measure accurately the intensity of <yradiation
arising from thermal neutron capture because of the effect of the measuring
device, To minimize this factor an ion chamber constructed entirely of
béryllium and teflon was used in this study, Both of these materials possess
low thermal neutron capture cross sections. A diagram of the device is shown
in Fig. 2. Employing the Sievert condenser principle it is designed to be
charged and read on an ordinary Victoreen electrometer, It was necessary to
make the four inéulators of minimm dimensions consistent with mechanical
strength to reduce "soakage" effects, Because of the small clearance between
electrodeé the chamber is rather susceptible to leakage, With clean insulators
the leakege did not become excessive if care was exercised to keep out particles
of dust, particularly during contact with the electrometer. This was largely
prevented by discharging the electrometer and blowing out the charging recep-
tacle before inserting the chamber to dissipate the "brush" of charged dust
particles normally adhering to the center charging pin, Substitution of
fluorothene in nlace of teflon for the insulators appeared to reduce the leakage
somewhat, although this type of chamber has not been thoroughly tested. Fluoro-
thene is comparable to teflon in dielectric properties but is harder and
smoother, In exposures of up to 4 minutes no essential difference traceable

to differences in insulating material was observed, With its relatively high



Fig. 2

BERYLLIUM-TEFLON CONDENSER SIEVERT TYPE IONIZATION GﬁAMBER
The gas is allowed to flow through the chamber for a few moments to
drive‘put~the air while the chémber is connected to the charging
voltage, The chémber is then removed from the electrameter, the
plug is screwed in,‘thé nozzle is disconnected; and the port cover
twisted tc seal inlthe gas. In the interval between the last two
operations equilibrium is established between the gas pressure and‘thét

of the outside air,
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chlorine content, however, fluorothene may be unsatiéfactory for long
exposures because of the build-up of 01389 a 38-minute, high energy,
Y emitter,

The chamber was designed so that it could be filled with a gas and
sealed as shown in Fig. 2 in order to study‘its response to gases other
than air,

The chamber was calibrated against our sfandard Y-ray thimble ion
chamber (8) using the medimm intensity Co®® source, The calibration curve
for various exposure times shown in Fig., 3 iﬁdicates that the discharge with
time is essentially linear over the full electrometer scale representing a
range of from ~~150 to 400 velts, Furthermore, for this range of potential
the discharge with the chamber air filled was found te be independent of the
initial charge placed on the chamber, A closer study of its saturation
characteristics was made by exposing the chamber to 0060 v radigtion and
measuring direectly the ion current generated with collecting potentials of
from 0-500 volts with a vibrating reed electrometer in a manner similar to
that described in our standard thimble chamber studies (8). The saturation
curves are shown in Fig 4, It can be seen that from 130-500 volts thé response
with the chamber filled with either air or oxygen is flat within 1+ 2% of the
mean, With helium the response is flat up to about 70 volts. Beyond this

region the linear relation breaks down completely, probably as a result of

multiple ion collisions.
MEASUREMENTS

All exposures in the thermal column were mede with the ion chamber inside

the graphite box used for the work (1) previcusly referred to unless otherwise

11



Fig. 3
CALIBRATION CURVE OF BERYLLIUM ION CHAMBER AGAINST ¥-RAY
STANDARD THIMBLE ION CHAMBER
Ordinates are units on the 100-r Victoreen electrometer scale;
abscissae are r units calculated from the ion current generated in

the standard chamber as measured by a vibrating reed electrometer.
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Fig. 4

SATURATION CURVES OF ION CURRENT GENERATED IN BERYLLIUM CHAMBER
WIT'H FILLINGS OF VARIOUS GASES
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stated, and the details of the exposure facility and its operation are
described therein.

In making ionization measurements a considerable part of the time was
spent in loading and unloading procedures, Initially it was found that
during these operations ¥ radiation from the open shaft was intense enough
to reduce the working time to a minute or so per day., Additional shielding
was introduced by arranging a 4=inch-thick lead slab so that it blocked the
opening to the shaft when the graphite plug was pulled out (Fig, 1). The
hoisting mechanisms for the lead door and the plug were interconnected
electrically so that the shield was automatically lowered into place follow-
ing withdrawal of the plug, Interlocks were provided to prevent the shield
from being accidentally released with the plug in’the shaft, The device was

quite effective in reducing the radiation hazard as shown in Table I.

TABLE I

Radiation at Loading Position Adjacent to Thermal Column Shaft

ur/hr »
Plug in, gate up 160 |
Plug out, gate up 8500
'Piug out, gate down 1300

Simultansous measurements of the ionizetion intensity and the neutron
flux were obtained at several positions inside the graphite treatment bax

as shown in Fig, 5. The flux was measured with indium foils as described by

16



Fig. 5

POSITIONS FOR INTENSITY AND FLUX MEASUREMENTS

IN GRAPHITE EXPOSURE BOX
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Conger and Giles (1), The intensity of the electromagnetic radiation was

found to be more or less proportional to the flux and decreased vertically
upward (Figs. 5 and 6). The horizontal variation by these and other measure-
ments aépeared to be essentially zero, Several weeks later the y-ray intensity
was remeasured, but the flux determinations were not repeated., The resulis

of these measurements are presented in Table II.

TABLE II

[ mtsiisiaea

Gamma-Ray Intensity and Neutron-Flux Measurements

Inside Graphite Treatment Box

Position Y-Ray Intensity Flux (n/em/sec) Roentgens-per-Unit Flux
in Box (r/min) of 107 n/em/sec
, : ~ ~ = \
Julvy 3 Aug. 25 v 3 July 3 ~ Aug, Q5%
(1) Top 6045 7oh3 0.65 x 107 9.9 10,6
(2) Left 6,93 8,72 — — —
Center
(3) Right 7.06 s 0.74 x 109 9.5 -
Center
(4) Floor 8.1 9,77 0.90 x 107 9.0 10.1
Pile Power 3300 kw3550 kw 3300 kw 3300 kw 3550 kw

# Neutron {lux corrected to 3550 kw

In using the exposure facility a total transit time of 33 seconds was
required for the material to be carried down the shaft to the exposure position
and back, Tests were made to ascertajn if the radiation recsived during the

intervel was sufficient to affect the intensity of response determined with



different time intervals of exposure., Exposure times of 1 to 5 minutes were
used, In this case and in all other experiments the exposure interval extended
from the time the box was started down the shaft until the upward movement was
begun, Negative results were obtained as indicated in Fig, 6. This finding
agreed with that calculated from intensity data for exposures made at several
different points along the path of transit as plotted in Fig 7. From the

curve it may be deduced that the over~all average intensity while the box was
in transit amounted to about three-eighths of the full exposure intensity. On
this basis the average intensity measured in the bismuth safe appeared to be
little affected by differences in the exposure interval, For example the dif-
ference for 2- and j-minute exposures was about 23%. According to Fig. 7 the
intensity inside the shaft increases slowly and relatively linearly downward

to the entrance into the safe., From this region on into the safe an increasingly
fast rise develops in the last few centimeters aiong the path of transit to the
final value with the box in the treatment position and the point of measupement
roughly the center of the bismuth chamber.

The small self-generated ¥ radiation of the beryllium chamber itself was
verified by the simultaneous exposure of these two chambers, The response was
essentially unaffected by the presence or absence of the second chamber., The
present of biological material near the chamber, however, had an appreciable
effect, The readings were increased at least 10% with either oxygen or air in
the chamber when mice were placed in the box with it.

Nitrogen has a high cross section (~- 1,6 barns) for the (n,p) reaction
with thermal neutrons., The contribution of this process to the observed intensity
in the thermal column was investigated by comparing the respoﬁse with £illings of

various gasesbin the ion chamber, As a control for each gas the chamber was

20



Fig. 6

PLOT SHOWING INTENSITY AS A FUNCTION OF EXPOSURE INTERNAL
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Fig. 7
VERTICAL VARIATION OF INTENSITY GRADIENT IN ACCESS SHAFT

Distance iswmeasured from the floor position of graphite box with the
box inserted to its 1limit in the bismuth safe, The measurements of
y-ray intensity in the box at various points along the shaft were made
with the chamber fixed inside the box, The two dotted curves

represent data from Fig, 5 plotted for comparison.
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exposed to cobalt ¥ radiation. Comparative results with the thermal column

readings corrected to a constant pile power of 4900 kw are shown in Table III.

TABLE III

Relative Effects of Various Gases on the Response of Be Chamber to

Radiation in Thermal Column and to Gamma Radiation from a ggéo Source

Position in (Fig. 5) Average Intensity in roentgens per minute
Graphite Box
Air N, 0, He
(1) 8,31 _ _— —
Thermal (2)
Golumn
(Thermal
neutrons (2) 9,50 9.55 8,55 8,06
2 1
cama T3 (4) (2) (1) (3)
(3) 9,98 - - —
(2)
(4) 1.0 - 10.4 -
(2) (4)
Chamber( 4 10.1 — — —
(2)
6o gamma rays 10,1 9.7 10,3 4u5* 2.0
(3) (1) (1) (7)

Figures in parentheses indicate mmber of individual observations,



It is seen that the response in air and nitrogen is about the same but
averages ~8% low in oxygen., Helium showed anomalous behavior as predicted
by the saturation curve (Fig. 4). For comparison,an estimate of the contribu~
tion due to the (n,p) reaction may be made by applying a correction to the
intensity contributed by a large ciuantity of gas as calculated, using the method
previously described, In this reaction the binding energy is carried off by

the proton.

14 1 1 1
N + »n———> ¢ 4+ n + 0,62 mev 9. = 1,6
7 0 6 1 »

-6 9
rep/hr = 42 % 10 xli;o x 0,62 x 1.6

= 3000 for Ny or 2400 for air

To estimate the contribution from the air volume in the chamber the annular

cavity may be approximeted to a thin radioactive layer sandwiched between two
thick layers of inert material. The thickness D of the cavity is about 0.5 mm
while the thickness of the basal layer (diameter of the inner electrode) is

about 11 rm, The latter is effectively of infinite thickness since the range R

in air of 0,62 mev protonis is only about 1l mm, The expression (4)‘ for the frac-
tion F of the ionization per ionized particle effective within the cavity when D<R

H

is ’

D (0.7 D D
Foe = (0,74 - 0,04 = = 0O, =
= —= (0.74 = 33 ")

oz 0,045 (0,74 - 0,0018 + 1,02)

=0,08

26



The contribution due to the (n,p) reaction then is
0,08 x 2.4 x 100 = 192 rep/hr or ~3 rep/min.
This is higher than indicated by the experimental results but in satisfactory
agreement considering the assumptions involved, It seems clear then that the
(n,p) reaction is ruled out as a major factor responsible for the ionization
in the chamber,

It was ascertained experimentally that the intensity of capture radiation
from pure bismuth was too low to contribute appreciably to the ionization., The
ion chamber was inserted in a hole drilled in a 4 x 4 x 7-cm block of Bi from
a lot checked for purity by spectrographic analysis and was exposed inside the
graphite box, The intensity was attenuated ~12% by the bismuth,

Exposures were made with the chamber attached directly to the graphite plug
without the graphite container to determine the influence of the latter on the
intensity. An increase of ~ 12% was noted, indicating that the primary effect
of the graphite walls also was to attenuate radiation from extermal sources.

To obtain an estimateyof the energy of the interfering y radiation intensity,
measurements were made with the chamber enclosed in various thicknesses of lead
absorbers inside a box made of boron plastic, In addition to the characteristically

large (n,a) cross section due to the Bl% =

the cross section of B for the (n,y)
reaction is large enouéh that this contribution must be corrected for in absorp-
tion measurements, PBach absorber was a solid lead cylinder except for the chamber
cavity with walls and base machined to a uniform thickness of from 2 to 36 mm
(Fig. 8). Each cylinder, closed by a 1id of corresponding thickness, was centered
inside the box with spacers of high grade graphite as shown in Fig, 8, A plot of
the absorption curve is given in Fig, 9. Limitations in the availability of the

thermal column at the time prevented extending the measurements to obtain more
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BORON PLASTIC BOX CONTAINING LEAD ABSORBER AND ION CHAMBER
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Figo 9

SEMILOG PLOT OF ABSORPTION OF ¥ RADIATION IN LEAD SURROUNDED
BY BORON PIASTIC

The boron Y-ray component subtracted from the main curve is shown on

the left,
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points on the graph. The residual slope is similar to that of a curve obtained

by Stapleton (5) who, in a similar study with a Victoreen chember, studied

absorption of the radiation in lead up to 2 ecm thick.

The absorption curve shows that 2 components of Y radiation were present,
The one due to the boron was relatively soft with a coefficient of absorption
corresponding roughly to an energy of 0.2 to 0,5 mev, The other residual com-
ponent showed maximum penetrating ability in lead characteristic of energies of
from 2,5 to 5 mev, Extrapolation of this portion of the curve to zero thickness
indicates that the intensity at the center of the boron box was about 40% less
than the corresponding value inside the graphite container, This is evidently due
to the boron acting as a sink of energy which affects the neutron flux not only
inside the box but apparently reduces the flux at the source or sources of the

v raediation as well,
DISCUSSION AND CONCLUSIONS

A Sievert type condenser ion chamber constructed of naterials with a low 9,
such as Be and teflon has proved effective for the measurement of v radiation in
the presence of thermal neutrons without appreciebly altering the flux in the
process, Reproducibility of the readings was normally within 5%, For intensi-
ties D» background leakage the agreement should be even better., The method,
however, is not adapted as it now stands for routine measurements because of the
precautions made necessary by;fhe léakage problem,

Since the chamber is calibrated in terms of equivalent cobalt roentgens,

a conversion factor of unimown proportions may be required to convert to absolute

r units. The difference, however, is probably < 20%.

3R



Other factors affecting the measurements are primarily associated with
the reactor itself., The assumption made as to the relation of flux to power
is not precise, Foil measurements taken in the thermal column at various power
levels, especially on different days, have occasionally shown discrepancies (2).
It is possible that temporary flux changes, such as might occur locally due to
insertion or wifhdrawal cof material of high cross section in the pile, would
not be detected at the power-measuring déviceo Since the exposure intervals
with our chamber were generally < 4 minuﬁes, such changes occurring at a criti-
cal moment could have affected the readings., However, our data taken over a
period of days or even weeks has, with few exceptions, reflected a high degree
of consistency in the measurements., We conclude, then, that this source of
error is relatively unimportant and that the assumption is valid, -

As for the increase in the V—fay intensity per unit flux shown in Table II,
operations involving changes in shielding and other procedures were carried out
on top of the thermal column by another project group during the approximately
7-weeks interval between the two sets of measurements., A small chance exists
that the flux distribution in the bismuth safe. could have been thereby altered.
Unfortunately, lack of time prevented further investigation of this discrepancy,
It is therefore suggested that the flux and the < -ray intensity be carefully
remeasured before further biological exposures are made to determine whether the
contaminating radiation is building up.

As for the source of the unwanted ” radiation, the evidence by a process of
elimination indicates that at least 90% of the radistion measured by the chamber
is originating in the vicinity of the safg,probably from a contaminant of high o,
in the bismuth, The evidence may be sumarized briefly as followss

1. Both caleculated and experimental rosults indicate that radiation due
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to capture processes in the graphite of the column, plus the contribution
due to pure bismuth can account for only a negligible portion of the total
jonization measured by the chamber.

2. The contribution due to the (n,p) reaction in the cavity of the
chamber is appreciable but still <10% of its total response,

3, The rough parallelism between neutron flwx and ionization intensity
(Figs. 5 and 7) indicates that the latter is due to capture radiation with
absorption characteristics corresponding to energies of several mev, and
originating close to the peint of measurement.,

4. The rapid increase in intensity as the Bi safe is approached and
the effect of the boron box in depressing the intensity narrow the location

of the source of the radiation to the region of the safe,
SUMMARY

A method has been developed for the measurement of the intensity of
v radiation in the presence of a neutron flux, especially where the use of a
measuring device with connecting leads is notvfeasibleo A small ion chamber
of the Sievert condenser type constructed of beryllium and teflon is employed
which ean be charged and exposed and the amount of discharge read on an
ordinary Victoreen r neter., The response of the chamber with the latter filled
with air and air gases is independent of the charging potential over the range
of the electrometer. The presence of the chamber does not depress the neutron
flux nor are appreciable amounts of capture 7 rays generated by it.

With the aid of this instrument a study was made of the nature of the
Y radiation present in the exposure facility located in the thermal column of

the Oak Ridge reactor, It was found that the air dose received in the graphite
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treatment box amounted to as much as1l r/minmute, depending on the postion of
the measuring instrument, and that this intensity was roughly proportional to
the neutron flux at thafb point,

The radiation shows maximum penetration in lead corresponding to an
energy of 2% to 5 mev. It appears to be originating from a source or sources
izﬁnediately adjacent to the exposure regioﬂ, probably from a contaminant of
high-capture cross section present in fhe bismuth walls of the facility,
There is some evidence to suggest that the contaminating radiation is slowly
building up but further tests are necessary before a definite conclusion can
be drawn.

Thanks are expressed to Dr, A. D, Conger for his help in obtaining some
of the data and to Mr, J. J. Lane and Mr, G, E., Stapleton for assistance in

making flux measurements,
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