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The deu te rium-tri tium neu tron gen er a tor should be fully shielded for the safety of the op er a -
tors par tic i pat ing in the ex per i ments since the D-T neu tron gen er a tor is com monly used in ac -
ti va tion ex per i ments. In this study, MCNP5 code was used to sim u late the shield ing ef fect of
the neu tron thermalization de vice pre vi ously de signed by our group with Pb and bo ron-con -
tain ing poly eth yl ene as the shield ing ma te rial. The neu tron dose rate out side of the pre vi ous
thermalization de vice can not meet the re quire ment, so a con crete wall is needed be tween the
de vice and the op er a tors. Two mod els are de signed with con crete walls. One model is that the
de vice and the ex per i men tal op er a tors are not in the same room, an other one is that the de vice
and the ex per i men tal op er a tors are in the same room, and there is an L-shaped con crete wall
be tween them. In both mod els, the dose rate to the op er a tors was less than 5 mSvh–1.
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IN TRO DUC TION

Neu tron ac ti va tion anal y sis is a tech nique for
qual i ta tive and quan ti ta tive anal y sis of el e ments in
sub stances. It has the ad van tages of low pol lu tion, si -
mul ta neous anal y sis of mul ti ple el e ments, high ac cu -
racy, non-de struc tive ness, and high sen si tiv ity. It is
widely used in bio phys ics [1] and en vi ron men tal mon -
i tor ing [2, 3], ra di og ra phy [4, 5], in dus try [6-8], ex plo -
sives de tec tion [9-12], and other fields. Learn ing and
mas ter ing the neu tron ac ti va tion anal y sis tech nol ogy
is very use ful for col lege stu dents. Many col leges
com monly use a D-T neu tron gen er a tor as a neu tron
source for neu tron ac ti va tion anal y sis. Since the D-T
neu tron gen er a tor emits neu trons and gamma-rays
which will cause ra di a tion dam age to per son nel, even
un der the pack age of the thermalization de vice, the ra -
di a tion dose is still far higher than the safe dose value
(5 mSvh–1) [13]. There fore, it is nec es sary to study the
en tire shield ing de vice. Bo ron-con tain ing poly eth yl -
ene (BPE) is a new type of neu tron shield ing ma te rial,
which is not only sig nif i cantly better than poly eth yl -
ene in shield ing ther mal neu trons, fast neu trons and,
gamma ra di a tion but also has good sta bil ity, cor ro sion
re sis tance, elec tri cal in su la tion, wear re sis tance, and
other ad van tages [14-16]. Be cause lead metal has a

high den sity, lead is of ten used as a gamma shield [17].
There fore, lead and BPE are, re spec tively, se lected as
the gamma-ray and neu tron shield ing ma te ri als. To
ob tain a shield ing de vice suit able for op er a tors to con -
duct neu tron ac ti va tion anal y sis ex per i ments, MCNP5 
was used to sim u late the shield ing of the
thermalization de vice, and the re sults may lay the
foun da tion for fu ture neu tron ac ti va tion ex per i ments.

INI TIAL THERMALIZATION
DE VICE AND OP TI MI ZA TION

Ini tial thermalization de vice

In this study, NG-9 D-T neu tron gen er a tor de vel -
oped by North east Nor mal Uni ver sity was used as the
neu tron source which can gen er ate 14 MeV neu trons.
It con sists of a neu tron emit ter, a cor re spond ing elec -
tronic sys tem, and a con trol box fig. 1(c). The en tire
neu tron emit ter is a stain less-steel cyl in der with a ra -
dius of 4.3 cm and a length of 89 cm fig. 1(a). The Pen -
ning ion source, ac cel er at ing elec trode, res er voir and
tar get are en closed in a neu tron tube. The neu tron tube
is a  cyl in der with a  ra dius  of  2.5  cm and a length of
10 cm, fig. 1(b). Be tween the trans mit ter head and the
neu tron, the tube is filled with a thick ness of 1.7 cm
polyimide (r = 1.4 gcm–3), and sul fur hexafluoride
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(SF6) gas is also filled in side the trans mit ter head.
Polyimide and SF6 gas are used to iso late the high
pres sure in the neu tron emit ter from the ex ter nal en vi -
ron ment. The thermalization sys tem de signed for
NG-9 D-T neu tron gen er a tor by our group was used as
the ini tial thermalization de vice [18], which is shown
in fig. 2. The spec i fi ca tions of the thermalization de -
vice in fig. 2 are as fol lows: L1 = 8 cm, L2 = 20 cm, 
L3 = 4 cm, L4 = 20 cm, L5 = 25 cm, and L6 = 3.5 cm.
Among them, high-den sity poly eth yl ene (HDPE) with 
a den sity of 0.950 gcm–3 is se lected as the mod er a tor,
lead (r= 11.34 gcm–3) as the mul ti plier and re flec tor,
and nickel (r = 8.90 gcm–3) as the collimator.

Op ti mi za tion of ini tial
thermalization de vice

Let P be the ther mal ef fi ciency, eq. (1), which
rep re sents the abil ity of the de vice to thermalize fast

neu trons. Among them, jTh and jT, re spec tively, rep -
re sent the ther mal neu tron flux and to tal neu tron flux
on the op ti mized de vice out put sur face

P =
j

j
Th

T

2

(1)

In this re search, the collimator is needed to im -

prove to op ti mize the ther mal de vice. Change the ap er -

ture size of the collimator and use the F2 coun ter card to

mea sure the ther mal neu tron flux and to tal neu tron flux

on the out put sur face, to get P. Fig ure 3 shows the change

of P with the ap er ture of the collimator. It can be seen

from fig. 3 that as the ap er ture size in creases, P first in -

creases and then de creases. When the collimating ap er -

ture size is 3 cm P reaches its max i mum value. So, 3 cm

di am e ter ap er ture size of the collimator was se lected in

the sub se quent thermalization de vice.
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Fig ure 1. The pic ture of the 
NG-9 neu tron gen er a tor;
(a) the emit ter of the
neu tron gen er a tor,
(b) the neu tron tube, and
(c) the main con trol box

Fig ure 2. The de sign of
our pre vi ous thermalization 
device



SHIELD ING DE SIGN WITH OUT
CON CRETE WALL

The first model is with out a con crete wall be tween
the de vice and op er a tors in the room. Op er a tors can di -
rectly per form ac ti va tion ex per i ments in the lab o ra tory
af ter the thermalization de vice is sur rounded by shield -
ing ma te rial. The shield ing de sign is shown in fig. 4. The
Y-axis and Z-axis are, re spec tively, along with the ax ial
and ra dial di rec tions of the emit ter of the NG-9 neu tron
gen er a tor. In the Z-axis di rec tion of the shield ing de vice,
for the ac ti va tion ex per i ment, there is a cy lin dri cal cav ity
(3 cm di am e ter) filled with air with a height of 15 cm. The 
air layer is placed on the collimator, which is in cluded in
the thermalization de vice. A layer of 5 %  BPE (r = 0.955 
gcm–3) with a cy lin dri cal den sity is first cov ered based on 
the thermalization de vice. Sup pose the ini tial BPE has a
ra dius of 50 cm, a length of 159 cm, and a of 53.5 cm dis -
tance from the source on the side close to the source. A
layer of cy lin dri cal lead (r = 11.34 gcm–3) is coated on
the BPE. The thick ness of the lead layer is 5 cm, the
length is 169 cm, and the dis tance from the source close
to the source is 58.5 cm, re spec tively. The bot tom sur face 
of the BPE and lead is per pen dic u lar to the XY plane and
ex tends in the Y-axis di rec tion, which is the same as the
thermalization de vice. Then six ballpoints with a ra dius
of 1 cm are set on the sur face of the shield ing de vice.

These six points are re spec tively in the X-axis, Y-axis,
and Z-axis di rec tions of the emis sion source. Their flux
value is cal cu lated with F5 coun ter, and the DE and DF
coun ter cards are used to con vert the flux in the cal cu -
lated cell into the en vi ron men tal dose equiv a lent H*(10)
[19]. The flux-dose con ver sion co ef fi cient of neu trons
and pho tons co mes from ICRP pub li ca tion 74 [20]. In
this sim u la tion, the num ber of par ti cles par tic i pat ing in
the ex per i ment is 1×107, and the out put re sult H*(10) is
all mul ti plied by 4×108 neu trons per sec ond (the max i -
mum yield of the neu tron gen er a tor) to ob tain the neu -
tron, pho ton dose rate, and to tal dose rate of the ini tial
shield ing de sign, which are shown in tab. 1.

It shows in tab. 1 that the neu tron dose rate and
to tal dose rate are far higher than 5 mSvh–1 when the
BPE ra dius is 50 cm and the length is 159 cm. When
the ra dius of BPE grad u ally is in creased from 50 cm to
100 cm in steps of 5 cm, at the same time, the thick ness
of lead is fixed at 5 cm, the vari a tion of the dose rate of
each lo ca tion with the BPE is shown in figs. 5-7.

It can be seen from three fig ures that the dose
rate in the +Y axis and –Y axis only fluc tu ates slightly
with out de creas ing since only the ra dius of the BPE is
changed. The dose rate of the four di rec tions of the
X-axis and Z-axis de creases rap idly with the in crease
in BPE ra dius, but the to tal dose rate ev ery where is still 
higher than 5 mSvh–1 when the BPE ra dius is 100 cm.
The dose rate in the +Z di rec tion is much larger than
that in the other three di rec tions be cause this di rec tion
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Fig ure 3. P changes with collimation ap er ture

Fig ure 4. Ini tial shield ing de sign

Ta ble 1. The ini tial sim u lated dose rate
(neu tron yield is 4×108 ns–1)

Lo ca tion
Neu tron dose
rate [mSvh–1]

Pho ton dose
rate [mSvh–1]

To tal dose rate
[mSvh–1]

+X 1506.7 19.9 1526.6

–X 1342.0 19.2 1361.2

+Y 1209.7 11.9 1221.6

–Y 50.8 0.4 51.2

+Z 2143.9 19.5 2163.4

–Z 1045.6 14.3 1059.9

Fig ure 5. The neu tron dose rate changes with BPE ra dius



is the out put di rec tion of ther mal neu trons and there is
an air cav ity as the neu tron ac ti va tion ex per i ment area.

Bo ron car bide (B4C) has the ad van tages of good
neu tron shield ing per for mance, low price, easy man u -
fac tur ing, good high-tem per a ture sta bil ity, etc. [21, 22]. 
A layer of B4C cy lin dri cal with a ra dius of 4 cm and a
height of 71.9 cm is added above the air cav ity. Fig ure 8
shows the im proved de vice model with B4C, and the
sim u la tion re sults of six ballpoints on the sur face of the
shield ing de vice are shown in tab. 2.

It can be seen from tab. 2 that when the ra dius of
the BPE is 100 cm and the length is 159 cm, the neu -
tron  dose  rate  and  to tal  dose rate are both higher than
5 mSvh–1 at five po si tions ex cept the –Z axis di rec tion.
The dose rate in the two di rec tions of the X-axis is
slightly larger than that when there is no B4C be cause
B4C has a weak abil ity to ab sorb ther mal neu trons and
BPE has better ther mal neu tron ab sorp tion ca pac ity.
There fore, part of the BPE re placed with B4C will in -
crease the dose rate in other di rec tions.

THE SHIELD ING DE SIGN WITH WALL

Con sid er ing the cost and the safety of op er a tors,
a con crete wall is added as a gap be tween the op er a tors
and the ex per i men tal in stru ment. There are two cases
to be con sid ered to change the wall-less shield ing to
wall shield ing.

The op er a tor and the in stru ment
are not in the same lab o ra tory

In this case, the de vice is placed in the lab o ra tory
and the op er a tors con duct ex per i ments in the con trol
room out side the lab o ra tory, which means the op er a -
tors are in dif fer ent rooms with the de vice. The se -
lected lab o ra tory is 577 cm long, 349 cm wide and 315
cm high re spec tively, along the Z-axis, Y-axis, and
X-axis di rec tions. The thick ness of con crete wall of the 
lab o ra tory room is 26 cm The de vice is placed in the
cen ter of the YZ plane of the room, 15 cm away from
the ground (+X axis di rec tion). The de vice model is
shown in fig. 9. Set six ballpoints with a ra dius of 1cm
on the outer wall of the lab o ra tory. Six points are re -
spec tively in the pos i tive and neg a tive di rec tions of the 
emis sion source along the X-axis, Y-axis, and Z-axis of
the lab room. The neu tron dose rate, pho ton dose rate,
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  Fig ure 6. The pho ton dose rate changes with BPE ra dius

Fig ure 7. The to tal dose rate changes with BPE ra dius

Fig ure 8. Im proved shield ing de vice with B4C

Ta ble 2. Dose rate af ter add ing B4C and when BPE
ra dius is 100 cm (neu tron yield is 4×108 ns–1)

Lo ca tion
Neu tron dose
rate [mSvh–1]

Pho ton dose
rate [mSvh–1]

To tal dose rate
[mSvh–1]

+X 8.5 1.1 9.6

–X 5.7 1.1 6.8

+Y 1202.7 11.5 1214.2

–Y 52.3 0.3 52.6

+Z 5.0 0.4 5.4

–Z 3.1 0.8 3.9



and to tal dose rate of these six points are sim u lated
when the BPE ra dius is 50 cm, the length 150 cm, and
the ra dius of lead is 55 cm and 160 cm in length, which
are shown in tab. 3.

It can be seen from tab. 3 that when the BPE ra -
dius is 50 cm, the to tal dose rate in –Y, +Z, and –Z di rec -
tion is less than 5 mSvh–1, which meets the safety dose
re quire ment. The dose rate in the +Y is much higher
than that in –Y di rec tion be cause the de tec tion point in
the +Y is close to the po si tion of the emis sion source. It
is needed to in crease the thick ness of the BPE in +Y and
re duce the thick ness of the BPE in –Y di rec tion. The
thick ness of the BPE in the +Y di rec tion is in creased by
3 cm, and the thick ness of the BPE in the –Y di rec tion is
re duced to zero. A 15 cm thick shield ing plank can be
placed in this di rec tion and the de vice can be placed on
this plank be cause the dose rate in +X di rec tion is far
higher than the safe value. The ma te ri als se lected for the 
shield ing board are con crete, wa ter (H2O), HDPE,
BPE, and heavy wa ter (D2O). The dose rate of six
points un der dif fer ent shield ing ma te ri als is shown in
tab. 4.

It can be seen from tab. 4 that re gard less of the
ma te rial, the dose rate in the +X di rec tion is higher
than 5 mSvh–1 , and the dose rate in the –Y di rec tion is
mostly higher than 5 mSvh–1. A dou ble-layer ma te rial
is con sid ered to use as a shield ing plate. It can be seen
from tab. 4 that un der the con di tion of us ing HDPE,
H2O, and D2O as shield ing plates, the dose rate in the
+X di rec tion is lower. Con sid er ing the cost, HDPE and 
H2O are cho sen as the dou ble-layer ma te rial, at the
same time, to raise the de vice 10 cm, that is, 25 cm
from the ground. The dose rate in the –Y di rec tion is
higher un der the con di tion of HDPE and H2O, so a
layer of 110 cm × 10 cm × 110 cm wa ter wall can be
placed in the –Y di rec tion. For the shield ing plate, con -
sid er ing that the cost of the wa ter wall is lower than
that of HDPE, first fix the HDPE thick ness to 10 cm
and change the thick ness of the wa ter wall. The to tal
dose rate change at each mea sure ment point is shown
in fig. 10. It can be seen from the fig ure that as the
thick ness of the wa ter wall in creases, the dose rate in
the  +X  di rec tion de creases,  but  it  is  still  higher than
5 mSvh–1, and the dose rate in other di rec tions has in -
creased at some stage as the thick ness of the wa ter wall 
in creases. This may be due to the ef fect of the wa ter
wall on the neu trons' re flec tion ef fect. From the fig ure, 
the over all shield ing ef fect is better when the thick ness 
of the wa ter wall is 5 cm. So, keep the thick ness of the
wa ter wall at 5 cm, the HDPE thick ness in creased from 
10 cm to 20 cm in steps of 5 cm, and the thick ness of
HDPE is 25 cm, the thick ness of the wa ter wall is 0 cm. 
The to tal dose rate at each point var ies with the thick -
ness of HDPE as shown in. It can be seen, fig. 11, that
the shield ing ef fect is the best when the thick ness of
HDPE is 20 cm, but the dose rate in the -X di rec tion is
slightly higher than  5 mSvh–1 . A wa ter wall with a size
of 5 cm × 93.7 cm × 110 cm is needed to in stall on the
wall in this di rec tion to re duce the dose rate, as well as
to en sure the safety of the op er a tors in this di rec tion.
The dose rate af ter add ing the wa ter wall, tab. 5, shows
that the dose rate at each point is less than  5 mSvh–1 af -
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Fig ure 9. Out door shield ing de sign (not in scale)

Ta ble 3. Out door shield ing dose rate when the BPE
ra dius is 50 cm (neu tron yield is 4×108 s–1)

Lo ca tion
Neu tron dose
rate [mSvh–1]

Pho ton dose
rate [mSvh–1]

To tal dose rate
[mSvh–1]

+X 46.5 3.2 49.7

–X 4.7 0.5 5.2

+Y 13.6 0.5 14.1

–Y 2.1 0.2 2.3

+Z 4.1 0.4 4.5

–Z 3.8 0.3 4.1

Ta ble 4. The to tal dose rate of dif fer ent ma te ri als
[mSvh–1] (neu tron yield is 4×108 s–1)

Lo ca tion BPE Con crete HDPE H2O D2O

+X 19.7 17.2 15.1 15.8 13.8

–X 5.1 10.4 6.1 4.5 4.7

+Y 5.0 4.3 5.0 4.4 3.9

–Y 12.6 1.9 10.4 9.0 3.3

+Z 5.6 4.3 4.1 3.0 4.3

–Z 2.3 3.0 2.6 3.3 3.1

Fig ure 10. The to tal dose rate at the mea sure ment point
with the thick ness of the wa ter wall



ter add ing the wa ter wall in the –X di rec tion, which
reaches the safe dose rate stan dard.

The op er a tor and the in stru ment
are in the same lab o ra tory

In this case, a con crete wall will be placed in the
lab o ra tory, so that the op er a tor and the de vice can be in 
a room. This case is con sid ered for the con di tion of
lack of lab o ra to ries. The se lected lab o ra tory model is
the same as the pre vi ously men tioned mode. For this
model, the BPE ra dius is 50 cm and the length is 150
cm, the lead ra dius is 55 cm and the length is 160 cm.
An L-shaped con crete wall is de signed to sur round the
de vice, and six de tec tion points Y1, Y2, Y3, Z1, Z2,
and Z3 along the wall are set, fig. 12. The ini tial thick -
ness of the L-shaped con crete wall is sup posed to be 20 
cm, with 5 cm as a step length the dose rate at six points 
un der dif fer ent con crete thick nesses is shown in figs.
13-15.

It can be seen from the fig ures that when the
thick ness of the con crete wall is 50 cm, the dose rate of
Z3 and Y2 is still higher than 5 mSvh–1. Dou ble-layer
ma te ri als such as the shield ing wall are de signed, con -
sid er ing that the size of the space in the lab o ra tory is
not suit able for such a thick con crete wall, as well as
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Ta ble 5. Dose rate at each point af ter add ing wa ter wall in 
X di rec tion (neu tron yield is 4×108 s–1)

Lo ca tion
Neu tron dose
rate [mSvh–1]

Pho ton dose
rate [mSvh–1]

To tal dose
rate [mSvh–1]

+X 4.1 0.7 4.9

–X 2.6 0.4 3.0

+Y 3.7 0.4 4.1

–Y 1.0 0.1 1.1

+Z 2.7 0.3 3.0

–Z 2.9 0.4 3.3

Fig ure 11. The to tal dose rate at the changes
mea sure ment point changes with the HDPE thick ness

Figure 12. L-shaped con crete wall

Fig ure 13. The neu tron dose rate changes with con crete
thick ness

Fig ure 14. The pho ton dose rate changes with con crete
thick ness



the cost and dif fi culty of pro duc tion. It can be seen
from figs. 13-15 that when the thick ness of the con -
crete wall reaches 35 cm, the rate of dose rate changes
lit tle  with  the  in crease  of  wall  thick ness,  so  se lect  a
35 cm thick con crete wall. Then a layer of shield ing
ma te rial with a thick ness of 10 cm is added to the wall
near the side of the de vice. Wa ter, HDPE, BPE, and
heavy wa ter are se lected as shield ing ma te ri als. The
to tal dose rate at six points af ter add ing dif fer ent
shield ing lay ers is shown in tab. 6.

It can be seen from the ta ble that HDPE and D2O
have good shield ing ef fects, but the to tal dose rate at
mul ti ple lo ca tions is higher than 5 mSvh–1. An other
layer of ma te rial for shield ing should be added, for ex -
am ple, HDPE and D2O. A layer of 5 cm thick D2O is
added on the side of the orig i nal HDPE near the de -
vice, and the to tal dose rate af ter add ing a layer of 5 cm
thick HDPE on the side of the orig i nal D2O near the
de vice is cal cu lated and shown in tab. 7. It can be seen
from tab. 7 that the over all shield ing ef fect of the lat ter
model is better than that of the for mer one, but the to tal
dose rate of Z3 and Y2 is still higher than 5 mSvh–1.
Un der this con di tion, the de vice is changed to the –Z
di rec tion, there is a 20 cm air layer be tween the shield -
ing layer and the de vice in the Z di rec tion. Af ter mov -
ing, the to tal dose rate re sults are shown in tab. 7. The
to tal dose rate at Z2 is higher than 5 mSvh–1. In or der to
re duce the dose rate at this point, a layer of 5 cm thick
wa ter wall is added out side the con crete wall with the

Z-axis in the ra dial di rec tion. Since the dose rate of Z3
is close to three times the safe dose rate, it is more dan -
ger ous to stay around Z3. There fore, the scope of ac -
tiv i ties of teach ers and op er a tors dur ing the ex per i -
ment is ad justed to the outer side of the con crete wall
with the ax ial di rec tion of +Y, and three dose rate mea -
sure ment points Y4, Y5, Y6 that are on the same line as 
Y1, Y2, and Y3 are added to con firm the dose rate on
this straight line. The con fig u ra tion of the de vice is
shown in fig. 16 and the dose rate at each point are
shown in tab. 8. It can be seen from tab. 9 that the dose
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Ta ble 7. The to tal dose rate of each point un der dou ble
shield ing and af ter add ing the air layer (mSvh–1)
(neu tron yield is 4×108 s–1)

Lo ca tion 10 cm HDPE +
5 cm D2O

10 cm D2O +
5 cm HDPE

Add ing air
layer

Z1 3.7 3.9 4.3

Z2 5.0 4.6 6.2

Z3 13.5 14.3 14.2

Y1 3.0 3.1 3.4

Y2 9.1 8.5 7.2

Y3 4.7 3.0 3.2

Ta ble 6. The to tal dose rate of mea sure ment points un der
dif fer ent ma te ri als (mSvh–1) (neu tron yield is 4 ×108 s–1)

Lo ca tion Air BPE HDPE H2O D2O

Z1 6.1 4.3 4.2 4.1 3.5

Z2 7.4 6.0 5.1 5.2 3.9

Z3 16.5 18.5 16.8 13.9 10.3

Y1 7.8 3.2 3.7 3.12 5.0

Y2 20.6 12.3 11.3 12.1 10.3

Y3 4.8 3.5 4.5 3.3 3.5

Fig ure 15. The to tal dose rate changes with con crete
thick ness

Fig ure 16. The dis tri bu tion of Y1 to Y6 (not in scale)

Ta ble 8. Dose rate at each point af ter add ing wa ter layer
and af ter add ing two lay ers of wa ter layer (neu tron yield
is 4×108 s–1)

Neu tron dose rate [mSvh–1]
Pho ton dose rate

[mSvh–1]
To tal dose rate

[mSvh–1]

Lo ca tion
One

wa ter
layer

Two
lay ers of

wa ter

One
wa ter
layer

Two
lay ers of

wa ter

One
wa ter
layer

Two
lay ers of

wa ter

Y1 2.8 2.1 0.3 0.4 3.1 2.5

Y2 3.7 3.2 0.5 0.2 4.2 3.4

Y3 2.5 2.8 0.3 0.3 2.8 3.1

Y4 4.4 2.4 0.3 0.3 4.7 2.7

Y5 5.2 2.8 0.3 0.4 5.5 3.2

Y6 4.9 2.0 0.3 0.4 5.2 2.4



rate at Y5 and Y6 is slightly higher than 5 mSvh–1. A
layer of 5 cm thick wa ter wall is added along the Y-axis 
in the ra dial di rec tion to con nect it with the L-shaped
con crete wall to form a T-shape. The dose rate of
Y1-Y6 (shown in tab. 8) is less than 5 mSvh–1, which is
lower than the safe dose value af ter add ing the wa ter
wall. The fi nal sim u la tion de vice is shown in fig. 17.

CON CLU SIONS

In this work, Monte Carlo sim u la tion is used to
de sign a shield ing sys tem for the thermalization de -
vice based on an NG-9 D-T neu tron gen er a tor for pro -
tect ing the safety of the teach ers and stu dents par tic i -
pat ing in the ex per i ment. Af ter cal cu la tion for the
thermalization de vice with BPE for neu tron shield ing
and Pb for pho ton shield ing, the re sults show that the
dose rate around the de vice is higher than the safe dose
value even when the vol ume of the shield ing ma te rial
is rel a tively larger enough. The mod els with shield ing
walls are de signed in clud ing two cases. One case is
that the ex per i men tal de vice and the par tic i pants are in
the dif fer ent lab o ra tory rooms. The other is that the ex -
per i men tal de vice and the op er a tors are in the same
lab, but there is an L-shaped con crete wall as a par ti -
tion. The dose rate is lower than the safe dose value af -
ter op ti mi za tion de sign, which may be a ref er ence for
op er a tors of neu tron ac ti va tion ex per i ments based on
the D-T gen er a tor.
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\ingfej  CAJ, [ivej \ING, Didung HE, Jangventing OU, Sinji LING, Bingbing LI

DIZAJN  ZA[TITE  SISTEMA  EKSPERIMENTA  ZA  AKTIVACIJU  NEUTRONA
ZASNOVANOG  NA  DEUTERIJUM-TRICIJUMSKOJ  NEUTRONSKOJ  CEVI

Deuterijum-tricijumski gen er a tor neutrona treba da bude potpuno za{ti}en radi
bezbednosti operatera koji u~estvuju u eksperimentima jer se deuterijum-tricijumski gen er a tor
neutrona obi~no koristi u eksperimentima aktivacije. U ovoj studiji, MCNP5 kod kori{}en je za
simulirawe efekta za{tite ure|aja za termalizaciju neutrona koji je prethodno dizajniran sa
olovom i polietilenom koji sadr`i bor kao za{titni materijal. Ja~ina doze neutrona u okolini
prethodnog ure|aja za termalizaciju ne zadovoqava, tako da je potreban betonski zid izme|u
ure|aja i operatera. Dva modela projektovana su sa betonskim zidom. Jedan je da ure|aj i
eksperimentalni operateri nisu u istoj prostoriji, a drugi je da su ure|aj i eksperimentalni
operateri u istoj prostoriji a izme|u wih je betonski zid u obliku slova L. U oba modela, ja~ina
doze za operatere bila je mawa od 5 µSvh–1.

Kqu~ne re~i: MCNP simulacija, za{tita, deuterijum-tricijumski modulisani neutronski 
..........................inicijator, MCNP kod


