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Abstract

An attempt has been made to do interpretation of the fast neutron dose with
two threshold detectors incorporated with the Harwell criticality locket. This
method is based on the assumption that the spectral distribution of fission
neutrons in criticality accidents may be governed by one spectral parameter.

The surface-absorbed dose for a unit fission neutron fluence seems to be
insensitive to spectral shifts of the fission neutron spectrum. The average cross-
sections for the activation detectors, however, are considerably changed with
the neutron spectral shape, which may lead to a large error in calculating the
-dose from the reaction rate if one uses a fixed value for the average cross sections
regardless of the neutron spectral distribution.

Besides, the doses calculated from three representative formulae for fission
neutron spectra have been compared: these formulae are Watt, Cranberg at al.
and Maxwellian forms. The results obtained from the Maxwellian formula show a
departure from the Watt and Cranberg’s, both being similarly close.
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ment—activation techniques”~'” have been
1. Introduction widely employed in measuring neutron energy
Owing to their well-known advantages-cheap- spectra and neutron doses. The inaccuracy of

ness, adaptability, and simplicity of equip- differential cross-sections and responses of

*The author is now at Atomic Energy Research Institute, P.O. Box 7, Chungryang-ri, Seoul, Korea.
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activation detectors over wide energy region,
however, make it difficult to do a reliable inter-
pretation for them from threshold-activation
data.

Many attempts ®11-1® have been made to
interpret the data accurately by mathematical
treatments, but no rigorous method has been
found yet. Especially when one threshold detec-
tor is used in order to measure fast neutron
doses, the interpretation is customarily based
on the assumption "% that the spectral distribu-
tion of fission neturons should approximate
to that of the thermal induced U?*-fission.
This convention could be adoptable in specially-
designed facility such as the U?2¥*-converter
(11,19,20 from which a pure U2%-thermal fission
spectrum may be obtained.

There is a question, however, whether it is
correct to make a direct use of this convention
under particular circumstances such as criti-
cality accidents. In accidents of critical as-
semblies, there is a large possibility that fission
can be due to all energy neutrons rather than
thermal only. A number of investigators #1~27
reported that spectra varied with the incident
neutron energy causing fission. If so, the spectral
distribution of fission neutrons emitted from a
supercritical accident will have a shape different
from the U?%-thermal fission spectrum, and the
commonly adopted convention may no longer
be applicable to this case. When the interpreta-
tion of fast neutron doses in criticality acci-
dents is performed with a few thershold de-
tectors, this phenomenon has not so far been
taken into account.

In this study, attention has thus been drawn
to this fact with the purpose of improving the
accuracy of fast neutron dose estimation by the
use of two threshold detectors (indium and
sulphur) in the Harwell criticality locket 1%,

Assuming that the spectral distribution of
fission neutrons would be governed by one
spectral parameter, a calculation of the surface-
absorbed dose has been done with the help of
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the digital computer Electrologica X8.
In addition, the doses computed from three:
well-known formulae for the fission neutron.
spectrum, i.e., Watt®, Cranberg et al.®
and Maxwellian forms, are compared.

2. Convention on the Fission Neutron
Spectrum

Watt®®and Cranberg et al.
posed the following semi-empirical formulae:
for the U?*+ n(thermal) fission neutron spec-
trum:

the Watt’s formula:

N, (E)=0.484 exp(—E)sinh 2E)12 <o (1
the analytical form by Cranberg et al.:
N (E)=0. £53 exp(—E/0.965)

have pro--

XSIMh (2. 20E) 12 coverrinnninnnn (2}
the Maxwellian form:
N, () =0.TTE"? exp(—0.TT5E) s+eeevsee- (3)

It should be pointed out that: N (E), N(E)
and N,(F) are the number of neutrons of
energy E per unit energy interval in Watt,
Cranberg et al. and Maxwellian formulae,
respectively, and E is the neutron energy in
MeV. The Maxwellian expression was perhaps
first introduced by Cranberg et al., but it was
reported that a good fit of experimental data
was obtained in the region up to 9 MeV.

Several investigators #~2” made it clear that
the spectral distribution of fission neutrons
depends on the incident neutron energy leading
to fission. This may be a strong hint that the
above analytical expressions have to be applied
only in the case of the thermal-induced U?®
fission; for other spectra a different mathe-
matical formula has to be used in accordance
with the fission type.

In almost all cases of criticality accidents, the
source neutrons causing fission can be fission
neutron spectrum itself rather than thermal.
The spectral distribution, therefore, may not
be expressed by the same formulae as given in

the above. In other words, this means that a
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direct use of the above formulae regardless of
the fission type may be subject to a considerable
error in making the interpretation of fast
neutron doses.

On this occasion, an attempt is therefore
made finding the fission type in criticality
accidents by introducing the spectral parameters
from which the spectral variation may be de-
duced. It is achieved by making the above
equations generalized as follows:

Nm (E) :K:(Q” 1‘9) 3xp(—aE') Si’ﬂkﬁE”Z ----- <(4)
N, (E)=K(a, BYE® exp(—BE) «rereeeereen (5)

in which the generalized Cranberg form, N (E),
is the same as that of Watt, and K{a, §) is con-
stant for normalizing tof?\f(E’) dE=1 where
N(E) represents a general e(;(pression for N (&),
N.(E)and N,,(F).In this report, « and § are
employved as spectral parameters which might
be able to determine the spectral shape of
fission neutrons. These parameters except ¢ in
the Maxwellian form are constants basically
related to the nuclear temperature of a fission
fragment, and have in part an inverse relation
to the nuclear temperature according to the
work of Terrell®®. He had theoretically an-
alyzed experimental data reported by many
authors .2 on the basis of an evaporation
mechanism by which neutrons are emitted from
fast-moving excited fission fragments, and then
predicted variation of the nuclear temperature
with the fission type. His theory is backed up
by many experimenters ?!~27 ; the nuclear tem-
perature increases with increasing incident
energy of neutrons which cause fissicn. Since the
nuclear temperature is linearly related to the
average fission neutron energy, increase of the
nuclear temperature will mean increase of the
average fission neutron energy (hereinafter the
average energy is to be understood as the
average fission neutron energy). From the
above, it may be said that the average energy of
uncollided neutrons emitted from criticality
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accidents is higher than that in the thermal--
induced U?% fission. In the generalized forms.
[Egs. (4) and (5)], the normalization constant
K (e, 8) and the average enregy E are:

for the Watt’s and Cranberg’s forms:

Ko, §)= .B o exp( ﬁ: ) ............... 6
E =—— B Fe n

for the Maxwellian form

K(af) = f-‘}z;) ................................. ®)
E= a—gl ................................. 9)

The forms [Egs. (4) and (5)] having two spectral
parameters make it necessary to use at least
three threshold detectors, but with compromise
of our purpose for which two threshold de-
tectors are available we intend to adopt the
forms with one spectral parameter, so that one
of two parameters should be given by a fixed
value. For simplicity of mathematical approach
the spectral parameter, «, is fixed as given in
Egs. (1), (2) and (3), so the spectral distribution
of fission neutrons may be governed by the
spectral parameter 3. Therefrom, Egs. (4) and
(5) will be formed:
for the Watt’s formula:

- 57 _
N, (B)= (42 06) 2 pr[ (E—{—E)]
ssinh{ QE—6)E) " wmeenees 0

for the Cranberg’s formula:
5_), 335
(4, 295K —6, 218) 172

X (E+E)]sinh( (4, 295E—6,218) E12 (1)

for the Maxwellian formula:

N.(E)= expl—1,036

N, () = 208 o3 () E )1/2
n o
xexp[ 1 5(~%)] .................. 2

where all the symbols have the usual meaning
as given elsewhere in this report. These forms
imply that the average energy E could build up
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a magnitude of the spectral deviation of fission
neutrons.

3. Determination of Spectral
Parameter

The spectral parameter § (or the average
€nergy E since they are closely related) is deter-
mined from measurments of the spectral
indices %% 18.3V which are defined as the average
cross-section ratio for threshold detectors A
and B in the fission neutron spectrum. A de-
tailed description about the spectral index is
found in the excellent work of Grundl®®. In
the indium and suiphur threshold detector
:system, the In!'S(n,n)In'*” and S3%(n,p)p**
nuclear reactions are applied for our purpose.
In this detector system and our counting
equipment which are calibrated for neutron
-dosimetry in criticality accidents ©? | the spectral
index is given by the form

= _ET%in it veeeriecerneeneesens
Sip =" =0.279 A 13

£0s
where Si,.. is the spectral index for the indium
and sulphur threshold detector system, gd;,
and g7, are the average micCroscopic cross-
sections (cm?) with regard to the fission neutron
-spectrum with the average energy E for indium
.and sulphur respectively. A;, and A, represent
.activities (in cpm obtained by our counters) in
the indium and sulphur discs immediately after
-exposure, and the factor given in the right-hand
side of Eq. (13) was calculated with consider-
.ation of isotopic abundance, radiation yield per
disintegration, counting efficiency, decay con-
stant, atomic mass and other physical constant
such as weight of the threshold detectors used.
As can be seen in Eq.(13), the spectral index is
a measured and computable quantity linking
the experimental results to conclusion from the
mathematical models as expressed in Eqs.(10),
(11) and (12) for the fission neutron energy
spectrum. For our purpose, it is more con-
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venient to know the spectral index-to-average
cross-section relationship than the spectral
index-to-average energy relationship. It is be-
cause by the latter the neutron spectral dis-
tribution only is known. Therefore, another
tedious computation is necessary in order to
know the reaction rate of threshold detector.
However, from the former relationship the
reaction rate of threshold detector can be
directly determined. Furthermore, it includes
the term of the average energy in itself because
the average cross-section is obtained from the
spectrum which is built up with an average
energy E . The interest of this work was therefore
concentrated on observing variations of the
average cross-sections and the spectral indices
as the average energyE is changed. The average
cross section ,3, is formed”

[®) NE)dE
p—v 9 pos
[N ®)dE
where o (F) is differential cross-sections and
N(E) is the mathematical models for the
spectrum as given in Eqgs. (10), (11) and (12).

With recently published data®-2® on the
threshold activation cross-sections, the calcu-

eetvrnenenrenreerae. 14

g

lations of the average cross-sections as well as
the spectral indices have been performed by a
computer code for the various values of the
average energies E in the region 1.5 to 2.5 MeV
and for the threshold detectors under investi-
gation. The limits in the average energy were
arbitrarily taken. Egs.(10) and (11) become an
imaginary function at the average energy below
about 1.5 MeV, so E = 1.5 MeV was taken as
the lowest limit in the calculations. In the case
of Eq.(12) the lowest limit was chosen arbitrari-
ly, but in order to keep comparative value with
those in Egs.(10) and (11). The upper limit was
also chosen arbitrarily.

4. Interpretation of Dose

The surface-absorbed dose is adopted in this
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-study. This is generally termed as a dose on the
basis of the multi-collision process of neutrons
in the bcdy, in contrast with that of the first
collision or single collision within a small piece
of tissue in free air at the position of exposure.
At present, it can be rarely claimed that the
former concept has more significant meaning
than the latter in so far as the biological effect
in criticality accidents is concerned. However,
there is an advantage % that the dose obtained
on this concept (surface-absorbed dose) is con-
sistent with the routine interpretation of the
gamma-ray film badge. At the same time, it
has a merit that the dose from the external
gamma-ray and from the process in the body is
able to be readily measured at the body’s surface
by the conventional film dosimetry.

In the standpoint of radiation protective
measures, it is very desirable to give the dose
-expressed in the term ‘“‘rem” which implies
that the absorbed dose (expressed in rads)
should be multiplied by an appropriate weight-
ing factor. It is hardly possible, however, to
estimate the rem-dose because the quality
factor with regard to acute radiation exposure
such as in criticality accidents has so far been
unknown. On this occasion, the concept of the
absorbed-dose (rads) will thus be used preli-
minary and is expected to be reconsidered when
the reliable data on the quality factor are
available. Hereinafter the term ““dose” is to be
understood as “absorbed dose (rads)”.

The surface-absorbed dose was calculated
from the depth dose curve of Snyder and
Neufeld ®®. They have theoretically computed
the depth dose as a function of incident neutron
energy from thermal to 10 MeV in an infinite
slab of tissue-equivalent material which is 30cm
thick, by applying a Monte Carlo-method.
Although some works“% 1Y have so far been
made to confirm experimentally the calculated
“values of Snyder and Neufeld, no reliable data
:.got on the actual human-like phantom are
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available yet. Therefore, the dose interpretation
is essentially based on the Snyder and Neufeld’s
depth dose curve up to 10 MeV. With respect
to neutrons from 10 to 15 MeV no appropriate
data are avialable, so in this region a fitting
was achieved on the assumption that the depth
dose curve would be a smoothly varying func-
tion with energy. By a least-squares method, the
following relationships between the dose and the
the neutron energy were obtained:

in the region thermal <{E <{1.5x1073 Mev:

Dy (E)=1.988X10"1 E-0.081 covvuvneee 15)
in the region 1.5 X 10Mev <K <1.1 Mev:

Dy (E)=3.477X107° E%7 ceorerniennnnee 16
in the region 1.1 Mev <E <15 Mev:

Dy(E)=3.152X1079E% 313 teveevereeruces )

In these equations D, () D,(E), and D;(E)
are the surface-absorbed dose [rads/(n/cm?)}
per unit energy interval in each energy region,
and E is the neutron energy in MeV,

If D(E)is the function defined in the corres-
ponding energy region by D, (E), D,(E) and
D, (E), the dose which is expected from a unit
fluence of the fission neutron spectrum, D
[rads/(n/cm?)], is

D:fob(E)N(E) ) I @)

Practically a numerical integration was per-
formed in the interval from the thermal up to
15 MeV. Although a contribution due to neu-
trons above 15 MeV can be expected, its portion
compared to the region considered is small
enough so as to be discarded.

From measurements of the activity induced
in the threshold detectors by means of the
calibrated counters, total surface-absorbed

fast neutron dose, D;* (in rads) with the ex-

*For a unit fluence of the fission neutron spectrum
and for the activity, A,, which is obtained by count-
ers, Dy is given DT:—V&H
where V is volume of threshold detector used, N is
number of atoms per cubic centimeter, 7 is the
average cross-section, A is decay constant, and in
A, radiation yield per disintegration and counting
efficiency should be included in order to know the
absolute activity.
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ception of the external gamma-ray and of the
H' (n,y) D*reaction in the body, is then ob-
tained ®V :

in accordance with the activity of sulphur

discs:
- AsD___
D= 8. 11X 10"%;7,
in accordance with the activity of indium
foils:

cerrmnresnrmnenenane(l9)

e AD L an
Dr=ggrscagms el

Here all the symbols are the same as given
elsewhere in this report. The factors given in
denominators of both equations (19) and (20)
were calculated with consideration of isotopic
abundnace, radiation yield per disintegration,
counting efficiency, decay constant, atomic
mass and weight of the threshold detectors used,

and have min™! in their dimension.

5. Results and Discussions

In Figs. 1 and 2, the relation is graphically
plotted as the spectral indices vs the average
cross-sections computed for the indium and sul-
phur detectors, respectively. On the curves in
Figs. 1 and 2 are indicated the upper and lowest
limits chosen arbitrarily as well as the average
energy relative to the thermal-induced U*

Average cross section (mb)
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—— Cranberg et al.
250 | e Watt 1
—-—Maxwellian
200 | _ d
NNy /E(Uzasﬂhermai)
150 » J
E:‘LSMQV
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Spectral index(%in/;T5!
Fig. 1. Variation of average cross section (37,
with spectral index for the In'® (u,n’) Ini”
threshold reaction.
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Fig. 2. Variation of average cross section (g7.)
with spectral index for the S%(n,p)p*
threskold reaction.

fission specturm.

As can be seen, the average cross-sections.
increase with decreasing spectral indices, a
linearity being characterized on the log-log:
scale. In the same figures, the results based on
the Maxwellian form show a departure from
those on Watt and Cranberg et al. This ten-
dency is also demonstrated in Table I for the
U2 4+ n (thermal) fission spectrum, and the
reason will be considered later.

It has been discussed by many investi-
gators 12" that the average energy E of fission
neutrons increases with increasing incident
neutron energy leading to fission. In other
words, this means that no one could expect
fission neutron spectra with having E-values
below the E-value for the thermal-induced
fission neutron spectrum, and that in our
threshold detector system no spectra may be
observed with values above the spectral index.
equivalent to E for the thermal fission spectrum
as given in Table IL

Under particular circumstances such as super--
critical accidents, fission may be induced by
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Table I. Average cross-sections* relative to the U2¥%-n(thermal) fission neutron energy spectrunt

In!15(n,n’) Inl1sm \ $% (n,p) p2
Tin s ‘
(mb) Ref. Remarks (mb) \ Ref. | Remarks
168 42 ‘ calculation 65 l 9 ‘ not specified
174 13 not specified 63.8 l 13 I not specified
. | calulation using the Watt’s
170 9 calculation 65.7 i 4 ’ form.
181+10 43 ‘ experiment 60+1.2 19 | experiment
|
200410 experiment. 744-3 experiment.
18220 calculation using the Watt's | 677 calculation using the
44 form. 44 Watt’s form.
20121 calculation using the Grundl j 79+8 calculaton using the Grundl
multi-group fit. multi-group fit.
190.1 using the Watt’s form. 64. 9 | present using the Watt’s form.
189.2 | present work | using the form of Cranberg work | using the form of Cranberg
(calculation) et al. 63.7 (calcula- et al.
182.6 using the Maxwellian form. 61.2 tion) using the Maxwellian form.

*For comparison data obtained by many workers are included together with that by the present
work. Except those based on the early work of Martin et al.®® in the case of indium, generally the
results are in good agreement with others. There are still, of course, discrepancies between them.
However, this deviation is not serious, if one takes into account that in calculation the data-fitting
from the excitation curve published can not be protracted through always-consistence, and that in ex-
periments there may be a source of error which can not be solved completely.

No attempt has been made to estimate the uncertainties in the average cross-sections because 1)
values of the differential cross-sections are reported in many articles without an estimation of error,.
and 2) in the work in which errors are included, relative error bands show a spread in neutron energy
as well as in the differential cross-sections, making an evaluation of the standard error difficult.

Table II. Spectral index corresponding to the
average energy E for the U?%-+n
(thermal) fission reutron energy
specrum

Analytical forms for

the fission neutron Average Spectral

energy (MeV)| index

spectrum
Watt 2, 600 { 2,928
Cranberg et al. \ 1, 980 ; 2,971
Mexwellian ’ 1,935 1 2,984

neutrons with energies up to the maximum
value, which exist in such critical assemblies.
The spectrum will therefore make a shift to-
wards values above the average energy for the
thermal fission spectrum, and correspondingly
it may give rise to an increase of the average
cross-section along with a decrease of the
spectral indices in the In''S (n,n) In'"*" and

S*2(n,p) p*? system.

Unfortunately it is very common that the:
fission neutron spectrum is contaminated by
scattered neutrons, leading to very exceptional.
conditions, that is, the average cross-sections.
are lower than that for the thermal fission
spectrum. In this case, the convention made
kere in this study is no more valid. In fact, it is
hardly possible to determine the fission spec-
trum accurately by means of either one or a few
threshold detector systems. More accurate
informaticn for the spectrum can of course be
obtained from a use of multi-threshold detector
system. In the practical point of view, however,
it is customary to aveid multi-threshold de-
tector sets for criticality dosimetry. In the case
where a few threshold detectors are available,
therefore, a compromise should be made. Even
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if a degree of the accuracy is decreased, aquick-
but to some extent reliable-dose estimation has
first to be made after criticality accidents. From
this, data fittings are carried out including
values below the average cross-section as given
in Table I. For convenience’ sake, mathematical
expressions are drawn providing the relation
between the spectral index and the average
cross-section with the aid of a least-squares fit.
They are for the In''® (n,n’) In!'"*™ and S%
{n,p) p*? threshold reactions:
a) With regard to the Watt’s form:

=\ -0.815
D Ea,~,,=456(—‘3‘f—"'——) ctrerenaesens )
ETs
in conjunction with Eq. (13)
A, \~0.815
27, =1289 (TZ) ...... rreeerenonees o)
P -1.815
2) £6,=456 (L‘:_rm_) ceseeriressians 23
in conjunction with Eq. (13)
A, \-1815
£7,=4618 (T‘: ) cerrerasenes vreresaennse )
b) with regard to the formula of Cranberg
et al.:
= -0,832
D 55, =468 (L’;m_) ceescesasaenens 5)
in conjunction with Eq. (13)
_ 1353 Ain -0, 832
BT = (Ts) ........................ 20
. -1.825
2) £5,=463 (i_m.) ............... W)
ETs
in conjunction with Eq.(13)
S A VT .
305—4756( % ) 9
-¢) with regard to the Maxwellian espression:
= -0.687
D £0:,=385 ( _EL;L) ............... 20
in conjunction with Eq. (13)
Ai11 —0.687
£5:a=926 (_A_s_) ........................ 80
= —1. 681
2 5=382 (L":n__) ............... 81)
ECs
in conjunction with Eq. (13)
Ai;« -1, 681
BGs= 3264 (js_) ........................ (32)

Here suffices in and s refer to the threshold
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Fig. 3. Surface absorbed dose as a function of
spectral index.

detectors indium and sulphur, respectively, and
other symbols have the same meaning as given
elsewhere in this report. From the above sim-
ple formulae the average cross-sections may
readily be determined.

On the other hand, the resuits obtained from
an integration of Eq. (18) with various values
of the average energy E are shown in Fig. 3
which is a graph of the spectral index 5,/
g7 against the surface-absorbed dose per unit
fluence of the fission neutron spectrum. On the
curves in Fig. 3 are indicated the upper and
lowest limits taken arbitrarily as well as the
average energy relative to the thermal-induced
U2 fission spectrum. As can be seen in Fig. 3,
there is only a few percent deviation between
Watt, Cranberg and Maxwellian forms. A
mathematical expression governing the spectral
index-to-the surface-absorbed dose conversion
curve is thus derived from only the form of
Cranberg et al., being th: latest form reported.
In view of practical application as discussed
before, data fittings are carried out including
values above the spectral index as depicted in
Table II. The best curve fit is third degree
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polynomial:
D=(0.209—4.5(-%n- J+1, 122 (£ i)
-0. 096( Ea’” ) ]IO"QTads/ (/M3 ssnsevee 63

in which D is the surface-absorbed dose for a
unit fluence of the fission neutron spectrum, and
the spectral index g7,,/¢7, is now the quantity
which can be measured. In combination with
Eq. (13) the above formula becomes

D=(9.209—1. 256( ‘jl

) +0.087( 4 )2

A,
—Q. 0021( i ) ]10 ® rads/ (n/cm?) -

Therefrom, the total surface-absorbed fast
neutron dose for a count rate of A cpm from the
threshold detectors immediately after exposure
will be calculated, and convenient formulae are
given in association with Egs. [(19) — (20)] and
Egs. {(21) — (34)]:
a’) for the Watt’s form:
1) from the indium foils
Dy=A, (5 :44: )0'815[2. 48—3. 355101 (—‘jr)

+2.32107*(5) " ~5.610- 4({}1 | 1072

S

2) from the sulphur discs

D;=A, (A’L) (2. 4833 354107 (4]

A
+2. 323“0'2(%) —5.61X10" 4(f14m) Y10 .
raas
............... GG)

b’) for the form of Cranberg et al.:
1) from the indium foils

Dr=Au([4n) (2. 36319107 (42

) ~5.33x10- (‘31"”)3]10‘2

+2.21%10" 2(
s rads

2) from the sulphur discs

Dr=A4, ‘f}l": )" (e a-s. 26><10‘1(%"5L)

+2. 26><10‘2(%’) ‘5. 44106~ (%,,) 3]10—2d
S § raas

¢”) for the Maxwellian form:
1) from the indium foils

Dr=A,, (%—) "™, 45—4.66x10" ( ‘j‘: )

+3.23% 10" 2(A) —1. 80><10~4(f‘4 }J0-2

s rads-
............... 89
2) from the sulphur discs
. . 681 )
Dr=4,{5) "™ (3. 51~4. 7531071 (4=

+3.29% 1072 (‘?4) 2 7 93104 (%) "o~ )
: s rads

With these equations, the fast neutron dose will
be determined and for the same expression the
dose obtained from the sulphur discs will be
equal to that from the indium foils. All the
above formulae [Eqgs. (35) — (40)] are given for
comparison. The Maxwellian form will yield a
smaller dose than the Watt’s and Cranberg’s
forms, both being similarly close. The reason
for this deviation would be due in part to the
fact that although all the expressions [Egs. (1),
(2) and (3)] were basically established on the
same assumptions*, semi-empirical forms pro--
posed by Watt?® and Cranberg et al.® were
derived from an analytical fitting in favor of
experimental data.

By simply assuming that the spectrum is
governed by cne speciral parameter taken on
the mathematical basis rather than the physical’
one, the above convenient equations [Egs.
(35) — (40)] were obtained. At present, there is
no way of claiming that this method presented
here can give more reliable dose compared to
the customary convention as set out previously.
Although a discussion should follow by testing
experimentally its reliability in various fission
neutron fields, it was revealed that this con-
vention is satisfactory by a preliminary test. The

*These assumptions are:
1) neutrons are emitted from moving fission
fragments,
2) isotropic emission of neutrons in the center of
mass system.



04

test was performed in a U%S-converter faci-
lity “5 which is designed for a purpose of biolo-
gical research, and where data on the spectrum
are available. The results showed quite a gocd
agreement with the experimental data obtained
by Davids et al. “®

One might say that an application of the two-
parameters form will give more reliable results
than the one-parameter form. There is no
evidence, however, that a best fit relative to
fission spectra can be obtained by the forms
-with two parameters, except that from the
‘mathematical point of view it gives a better
-description of fission neutron spectra. It should
‘be noted that the formulae proposed by Watt
-and Cranberg et al. were constructed on the
-simple assumption, namely, neutrons from a
-fission fragment are isotropically given off in the
center of mass system. As suggested in many
articles ?1.3%48 neutrons are not isotropically
-emitted from fission fragments even in the case
-of thermal fission. In other words, this may be
-a suggestion that in the laboratory system of
‘neutron emission the spectrum is expressed with
:a more complicated mathematical form.

Even if it is assumed that the spectrum is
-governed by two parameters, it is liable to lose
‘its significance under particular circumstances
-such as accidental excursions of critical assem-
‘blies, where a contamination due to scattered
neutrons is unable to be eliminated. In addition,
‘body scattered neutrons would disturb the
incident neutron spectrum when activation
-detectors were worn on the body as a personnel
«dosimeter. It may be stated, therefore, that a
reliable interpretation of the fast neutron dose
in criticality accidents is hardly possible by
-using either one or a few threshold detector
systems because the spectrum shape has to be
assumed.

6. Conclusion

In neutron environments where the initial

J. Korean Nuclear Society Vol. 2, No.2, June, 1970

fission neutron spectrum is free from conta-
mination due to scattered neutrons, the fast
neutron dose with a few threshold detectors
may be reasonably obtained by establishing the
interpretation method based on the convention
that the fission is able to be resulted from neu-
trons with energies up to the maximum value,
where exist in the critical assembly.

In many cases of criticality accidents, how-
ever, where a lot of factors exist leading to a
distortion of the initial fission neutron spec-
trum, it may unavoidably be necessary to
employ a multi-threshold detector system if the
accurate dose estimation is essentially em-
phasized.
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