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Abstract
' We present a method to estimate the gamma dose in & neutron fleld
using a parametrization of the measured doses. The source for the high
neutron fluences was the ITN-ZX facility, an uranium multisheil sphere
plsf:ed in the thermal column of the VVRS reactor of IAP Bucharest
which has s high precision neutron fluence calibration (4%) and a ver;
weli defined neutron spectrum. The photon spectrum inside ET, degraded
by absorbtion and Compton scatiering was simulated by Monte Carlo
method. The doses, up to 1.5 - 10* rad, were messured within 15% ac-
curacy with thermoluminiscent detectors (TLDG MgF;(Mn) and CaF;)
calibrated up to 8 MeV with radioactive sources and in the bremsstrahlung
radistion of the [AP-Bucharest linear electron accelerator. A rough model
to separate the contribution of prompt gamma and delayed gamma is used
to calculate with 10% accuracy the doses for fluences up to 10"%n/em?
F.nd for different time characteristics of irradiation. For the LE facil-
}Ly, the ratio between the prompt gamma dose and the neutron fluence
is (1.73 * 0.00}107"%rad - em? [neutron; the contribution of the delayed
gemma is less than 10% from the prompt gamma dose, depending on the
time characteristics of irradiation. The method can be used to evaluate
the gamma dose in any fission environment if the gamma and neutron
spectra are approximately known.

“Presented at the 1994 Symposium on Redistion Meas icati
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radiation damage studies of detectors, and so on.

Depending on the effects nnticipated the irradiations can be performed in
the core of  reactor or in thermal columns or secondary beams of neutrone
with apecial properties. Usually neatrons are accompanied by » high gamma
background. The evaluation of the gamma dose in an intense neutron fluence
is sometimes very important for eatablishing the influence of the gamma back-
ground separately and to compare similar tests for different facilities.

The paper presents a method of estimation of the gamma dose in & neutron
field using & parametrization of the doses mensured with thermoluminiscent
detectors. The choice of these detectors haa been imposed by its small sensibility
to the neutrons and the linear dependence of the signal with the dose which has
been checked up to 4000 rad in the gamma beam of the linear electron accelerator
of Institute for Atomic Physics Bucharest.

The garama dose estimation for high neutron fluences has been performed
for the ITN-ES facility, an uranium multishel] sphere located inside the ther-
mal column of the VVR-S reactor of IAP Bucharest. Its well defined neutron
gpectrum is close to that of the fission neutrons [1] and similar to that of the
albedo neutrons in hadronic calorimeters {2]. In this way the facility is fitted
for neutron damage studies of the detectors used in detection systems at high
energies, The gamma dose measurements performed inside the sphere with ther-
moluminiscent detectors showed that the dose is smaller than in other similar
facilities and is about 1.9 rad for a fuence of 10'%nfem?.

The parameters obtained in fitting with a model described in Chapter 4 the
measured doses for neutron fluences between 5-10'° and 5. 1010 /cm? allowed
the evaluation of the dose for flnences up to 10:%n/cm? with a 10% precision.

2 The gamma dose inside the ITN-XE facility

The garama spectrum for an ¥5U target irradiated with thermal nentrona has
been measured in [3] and is showed in Figure 1. Absorption and Compton scat-
tering is regponsible for its degradation. The Monte Carlo computed spectrum
in the center of the sphere is represented in Figure 1, curve a. On the same
figure we have drawn slso the bremastrahlung spectrum for the electron energy
of 8 MeV on & target with Z = 42 (curve c).
For o given spectrum ¥, (E, t)(photons/cm? - 5 - MeV) inside

ITN-EE sphere, gamma dose is:

Emas

D= / ' (E)¥y(E, t)dEdt 1)
Buin Y0

where ¢(E) = IR
Emis =100 ke¥ is motivated by the fact that the probes and the detectors
are introduced during the irradiation in 0.7 thick Sn foils, Let f,(E) the prompt



fission gamma spectrum, in arbitrary units, inside the ITN-ET aphere (see
Figure 1, curve a) and fy(E,t) = f¢(E)y(t) ia the delayed gammn spectrum.
With the condition [ f,(E)dE =1 and [ f4(E)dE = 1 we have for ¥,(E, 1) =
¥,(E) + ¥(E, t) the parametrization

t.(E)=a%:if.w>
¥/(E)= b{,‘—jf;(ﬁ)y(z) @)

where:

F,,, is the fission neutron fluence inside the sphere in the "j” irradiation run,
Foy = 7 [ Wa(E,t)dEdt

t.; in the irradiation time in the ™" run

¥,(E) is the prompt gamma spectrum inside the sphere

¥,(E,t) is the delayed gamma spectram

¥.(E,t) is the neutron apectrum in ITN-EZ (1], 2]

a,b parameters

3 Thermoluminiscent detectors

We used MgF,(Mn) (4] produced by IAP Bucharest and natural CaF; [5] pro-
duced by INR Pitesti for the determination of the gamma dose inside ITN-Z%
facility.

The MgF;(Mn) detectors are small cylinders with 0.6 mm thick and 12.5
mm diameter, packed in tin sheets with 0.7 thick. The linear response with
dose was tested up to 3 MeV [4] with radioactive gamma sources and up to 8
MeV at the IAP electron accelerator. We assume a maximam 20% deviation
from linearity, The accuracy in the dose determination is about 10% for the
individual detectors with checked efficiency. The regression in time is about
10% in & week {7].

Five natural CaF; tablets, each 1 mm thick and 3.2 mm in diameter are
encapsulated in a protective aluminium cylinder with & 1 mm thick wall. They
can measure dose between 4 - 107 + 10 Gy [8], with constant efficiency in the
domain of 100 keV + 3 MeV gamma-ray energy. Thia interval was extended up
to 8 MeV in this experiment in irradiation at the IAP Linear accelerator. The
errors are smaller than 20% for doses greater then 1 Gy.

All the TLDG detectors have been previously calibrated with a standard
dosimetric gamma sonrce of **Co. This calibration was checked with radioac-
tive sources in the energy domain 0.1 + 3 MeV. An estimation based on the
energy dependence of the gumma-ray absorption coefficients shows that the such
calibrated detectors indicate, in the bremsstrahlung field of the 8 MeV electrons
on a 7 = 42 target, » dose which is 6% less than the calculated dose, for the

MgF3(Mn) detectors, and 9% lese for the CaF; detectors. So, we assume a sys-
tematical error of 6 + 8% for the gamma dose measurement inside the ITN-EE
sphere.

The mean value of dose in air in the bremsstrahlang field of 8 MeV and §
MeV electrons on Z = 42 target obtained with four MgF;(Mn) and five CaF;
detectors are shown in Figure 2 versus the same doses in air measured with »
calibrated ionization chamber. We assumed the 8 + 12 % errors of the each
mean value for the MgF,(Mn) detectors and the 12 + 20 % errors for the CaF,
detectors.

The KERMA for the CaF; and MgF3(Mn) detectors, averaged on LT neu-
tron spectra (1], (2], using the reference [9] ia (0.905:£0.050)10~'%rad.cm? /neutron
and (1.2 £0.1)107"%rad - cm?/neutron, respectively. For the TLDG-FLI, cali-
brated with gamma sources, the ratio between the signal in rad and the KERMA
is about 0.087 [10]. The same ratio for the TLDG CaF; is obtained less than
5%, for neutron with energy greater than 2.5 MeV [6]. So, the neutron contri-
bution to dose measured in LT with CaF; and MgF3(Mn) detectors, calibrated
in ®®Co gamma field is less then 0.1-10'°rad - cm?/neutron. Then, for the
expected gamma dose ( about 1.9:10~'%rad. em? fneutron ) in LI, the incrense
of the dose due to neutron field ( as a systematical error) is less than 5%.

4  Parametrization of the gamma dose inside
ITN-TX

We assumed that the spectrum of garnma-ray fluence, &, = fc; ¥,(E,t)dt,
where W, (E, t) is defined in Eq. (2), may be divided in four parts, due to:

a) the prompt gamma-ray and the gamma emitted by short-lived fission frag-
ments (with mean lifetime lower than a few minates) :

#,(E)=oF, f,(E) (3)

b} the gamma emitted by long-lived fission isotopes (mean lifetime more than
a few minutes) when TLDG are inside the sphere:

& (E) = bR, f/(E)1 - }%(1 - M) = bRGHEM(t,)  (4)

(1}

c) the gamma emitted by the fission fragments in the time t,; between the
shut-off of the reactor and the extraction of the detectors:

81, = bEAL 1 (BY(1 - e M )(1 - o)
z\t.'.J

= bFa,; f1(E)Xa(tiys try) (8)



d) the gamma emitted by the isotopes produced in the previous j -1, -2,...,1
runs of the reactors:

-1
Faa
= RPCTL U AT Y I ol PP TR PED 1Y
#1,(E) = bfy(E)(1 = e MroeMese )gj Ty (e e
=1
=bf1(E) Y Fua Xaltyis s g bk tes)  (6)

=1

The notation in the equations (4),(5) and (6) are: t, ; and ¢, 4 are the cooling
time in run j and run k; t,; is time between the introduction of the detectors
in the ITN-LT sphere and the start-up of the reactorin run j; t,4 = t, ;- i
the time between the shut-off the reactor in run k = j — 1 and the start-up of
the reactor in run j; A is the mean decay constant of the long-lived isotopes.

If we defined the integrals

the whole dose in the run j becomes:

D= / «(E)8,(E)dE

-1
=6l Fay +b1)(Foj Xy + FujXa+ Y FaaXy) ®)

k=t
With o =aly,, f=bl; and ¢ = 5 < 1 we have:

)~1
D=o(Fy +q(F X1+ Fuy X3+ Y FaXy) (9)

bl

5 Results

We present in Figure 3 the gamma doses in IT measured with MgF;(Mn)
detectors, with 10% statistical errors, in different runs of the VVRS reactor. The
doses measured with CaF; detectors, with 15 +20% accuracy, are in agreement
with the doses measured with MgF;(Mn) detectors, but have a larger spread
(see Figure 3),

The obtained fit values are:
a = (1.73£0.09)10"'%rad - cm? /neutron

¢ =027£0.10

A= (8145710 3min"!

and Ty, = (850 £ 600) min. The ratio between the prompt gamma dose and

the neutron fluence inside the £F facility is 1.73-10~'° rad. cm?/n; the contri-

bution of the delayed gamma dose is less then 10% of the prompt gamma dose,

depending of the time characteristics of the irradiation. For our irradiation,

the mean ratio between the whole gamma dose and the neutron fluence was

1.91-107rad - cm?/n in agreement with the Mol(Belgium)-L¥ result [2].
The method can be used to evaluate the gamma dose in any fission environ-

raent, if the gamma and neutron spectrs are roughly known.
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