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The thermal column in the ET-RR-2 reactor is intended to promote a thermal neutron
field of high intensity and purity to be used for following tasks: (a) to provide a
thermal neutron flux in the neutron transmutation silicon doping, (b) to provide a
thermal flux in the neutron activation analysis position, and (c) to provide a thermal
neutron flux of high intensity to the head of one of the beam tubes leading to the
room specified for boron thermal neutron capture therapy. It was, therefore, necessary
to determine the thermal neutron flux at above mentioned positions. In the present
work, the neutron flux in the ET-RR-2 reactor system was calculated by applying the
three dimensional diffusion depletion code TRITON. According to these calculations,
the reactor system is composed of the core, surrounding external irradiation grid,
Ilium block, thermal column and the water reflector in the reactor tank next to
the tank wall. As a result of these calculations, the thermal neutron fluxes within the
thermal column and at irradiation positions within the thermal column were obtained.
Apart from this, the burn up results for the start up core calculated according to the
TRITION code were compared with those given by the reactor designer.
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INTRODUCTION

ET-RR-2 is a multi-purpose research reactor of
the MTR type designed by the Argentinean company
INVAP. The reactor was constructed in co-operation
with Egypt and went critical at the end of 1997 [1]. The
reactor is 22 MW strong, with uranium fuel enriched
to 19.7%. It is cooled and moderated by light water
reflected by beryllium. The reactor core is situated in an
open tank. The first core of the reactor consists of 29
fuel elements of three distinct types. In addition to the
standard fuel elements (type F1), two other types (F2
and F3) with lower U-235 contents were used:

—7 fuel elements of 404.7 gm U-235 per element

(type F1),
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— 8 fuel elements of 148.2 gm U-235 per clement
(type F2), and

— 14 fuel elements of 209 gm U-235 per element
(type F3).

Position 15 within the core is occupied by a
cobalt irradiation device. A zircalloy chimney and
an external grid array with a total of 114 available
locations for the beryllium block, beryllium reflec-
tor elements, aluminum and water elements sur-
round the core. A part of the external grid array is
occupied by the beryllium block situated at one end
of the core. Opposite to it, next to the external grid,
is the graphite thermal column with its locations for
the beryllium reflector and aluminum elements. The
thermal column itself is a graphite block covered
with aluminum measuring: 122.5x 113.5x62.5cm.
The thermal column is shielded from the core with
10 cm of lead and from the tank wall with 10 cm of
bismuth. Three vertical holes of cylindrical shape,
each with a diameter of 22 ¢m and depth of 50 cm,
are located in the thermal column. They are indi-
cated by A, B, and C in Fig. 1. Figure 2 shows 2
vertical section in the thermal column.

The two positions, A and B, are to be seen as
neutron transmutation silicon doping positions,
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Figure 1. Reactor system from beryllium block to reactor tank

while position C is used for neutron activation
analysis. Figure 1 shows the reactor system from the
beryllium block to the reactor tank wall. The reactor
tank is made of stainless steel (S.5).

FIRST START UP OF ET-RR-2
REACTOR CORE

Figure 1 gives the initial fuel loading of the
first core of the ET-RR-2 reactor which consists of
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Figure 2. Vertical section in graphite thermal column

three types of fuel elements. According to the pro-
posed fuel management scheme for operating the
reactor [2], from the time it went critical up to the
present, the reactor was in operation for a part of a
cycle lasting arround 6.7 full power days. After that,
the following fuel movements were achieved:
— fresh fuel element in 6 — 5 —» 11— 16— out, and
— fresh fuel element in 30 — 29 — 28— 22 — out.
Thus, two fresh fuel elements of the standard
F1 type were inserted in positions 6 and 30 and two
fuel elements corresponding to positions 16 and 22
within the core removed. The external grid configu-
ration was also changed because a certain number
of beryllium reflectors were inserted in order to
insure the availability of irradiation locations and so
as to allow the build up of an operating fuel cycle
lasting at least 15 full power days.

RESULTS AND IMPLICATIONS

All calculations carried out according to the TRI-
TON code [3, 4] were based on the Hanson-Roach
sixteen energy groups cross section library [5, 6].

Table 1 gives the burn up results of the fuel at
different positions within the core as given by the
reactor designer INVAP [7] and as calculated ac-
cording to the TRITON code applied. The com-
parison between the two results shows that the
TRITON calculations carried our in our work have,
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Table 1. Burn up results
2.13* 2.20 2.75 2.81 2.49 2.05
1.78**| 189 2.72 2.79 2.68 1.81
2.51 3.03 3.53 3.42 297 2.71
2.17 3.24 4.05 3.98 342 298
2.96 3.44 G 3.62 3.24 2.82
319 | 425 © | 454 | 416 | 3.8
2.45 3.01 | 344 | 336 | 3.07 | 2.63
2.16 3.27 4.20 4.13 277 | 287
2.09 251 2.69 2.63 237 1.88
1.79 2.60 2.84 2.77 2.44 1.66

* Burnup % by TRITON
** Burn up % by INVAP

to a great extent, reflected the results obtained by
the reactor designer. Calculations for this verifica-
tion were based on neither the same reactor com-
puter code nor the cross section library used by the
reactor designer. The said agreement in burn up
results verifies the accuracy of our flux calculation
results. For the first time ever, thermal neutron flux
calculations in the graphite thermal column of the
ET-RR-2 reactor have been executed - a fact never
calculated or experimentally measured before.
Figure 3 shows the thermal neutron flux along
the reactor system, starting with the beryllium block
passing through the reactor core, the external irradia-
tion grid, graphite thermal column and the water
reflector, up to the reactor tank wall. Longitudinally,
this flux covers a distance of more than 2.8 meters.
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Figure 4. Thermal flux inside the irradiation position
B in thermal column along x-direction
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Figures 4 and 5, respectively, show the thermal
neutron flux in the longitudinal direction at irradiation
positions B and C within the thermal column.

Figures 6, 7, and 8, respectively, show the
thermal neutron flux in the vertical direction at
irradiation positions A, B, and C within the thermal
column. The thermal flux in the vertical direction at
these positions is at its maximum at the bottom and
at its minimum value at the top.

The average thermal neutron flux at the three-
irradiation positions (A, B, C) within the thermal
column is as follows:

— at position A: 4+ 10! em%s7!,
~ at position B: 4 - 10?2 em?s7!, and

— at position C: 0.5 - 10'? em™s7.
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Figure 5. Thermal flux inside the irradiation position
C in thermal column along x-direction
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Figure 6. Thermal flux inside the irradiation position
A in thermal column along z-direction from top to
bottom
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5 400Es12 This is the first time ever that the thermal
i :gg:::i neutron flux within the thermal column of an
2 1.00Es12 ET-RR-2 reactor was calculated. It has never
e o - been calculated or experimentally measured be-
Heiaht fe fore. Owing to the results of the work here pre-
sented, the thermal neutron flux at the three-irra-
diation positions within the thermal column is
Figure 7. Thermal flux inside the irradiation position SO K.
B in thermal column along z-direction from top to
botttom
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Maxmyn M. HIMAM, Xacan PYK]IH

PACIIOJAEJNA ®JIYKCA TEPMHUYKHUX HEYTPOHA Y TEPMHUYKOJ
KOJIOHHU ET-PP-2 PEAKTOPA

Tepmuuka KonoHa peaktopa ET-PP-2 ocrBapyje Hojhe TEPMHYKHX HEYTPOHA BUCOKOT MH-
rTensuTeTa W umcrohe ca mwbeM na obe3bemu TepMHIKe HeyTpoHe 3a crefehe nporece: (a) pormpamke
CHTTHILI]yMa NOCTYIIKOM HeyTPOHCKE TpaHcMmyTalje, (6) NOSHIHORY aHaTH3y HEYTPOHCKOM ARTHBALIH|OM,
u (B) Tepanmjy 3acHOBaHY Ha 3aXBaTy TEPMHYKOTr HEYTPOHA 6opom. Otyaa je 6uso moTpeGHO Aa ce ORpPe/H
fpocTopHa pacmofena ¢yKca TepMHYKHX HEyTpoHa. Y OBOM papy, ¢ayke HEYTpOHA y PEAKTOPCKOM
cucremy ET-PP-2 (jesrpo, GpuiujymMcki GIIOK, TEPMHYKA KONOHA W BOJCHH pedrexTop) ofipebex je
NPHMEHOM TPOJIHMEH3HOHATHOT N(PY3UOHOT KOfia TPUTOH ca ypayynaTuM usrapamem. Kao pesynrat,
M3paUYHAT je TEPMUYKH HEYTPOHCKY hIYKC y TePMUUKO] KOTOHH H y IPOCTOPHMA 33 O3patiHBaibe yHyTap
kouoHe. [Topej oBora, ynopeheHo je Harapaibe NOIETHOT je3rpa peakTopa pauyHaTo NPorpamMoM TPHUTOH
ca TIofalAMa JaTHM Off CTPaHe NPojeKTaHTa peakTopa.



