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Investigating the effect of accurate modeling of aluminum foil impurities in
reducing the uncertainty of total cross-section calculations using +,+% eV
single-energy neutrons

Gholamzadeh, Zohreh
Safety and Nuclear Research Reactor School, Nuclear Science and Technology Research
Institute, Tehran, Iran

Abstract:

The neutron cross section refers to the probability of a neutron interacting with a nucleus. It
is an important parameter in reactor physics for understanding the behavior and reactions of
neutrons in nuclear systems. One of the important activities of research reactors is to measure
the neutron cross-section of various materials. Measurements of the experimental total neutron
cross section as a function of neutron energy provide a fundamental dataset for evaluating
nuclear data libraries. In this work, the MCNPX code is used to calculate the total
monochromatic neutron cross section of a foil of aluminum with different thicknesses and
impurity percentages. Comparing the results of the calculations with other experimental data
and the ENDF-7 library clearly shows that the impurities in the aluminum foil and the thickness
of the foil are very effective in the numerical value of the total cross-section. In the case of pure
aluminum foil, the relative difference between the calculations performed in this work and
other experimental data and the ENDF-1 library varied between )Y/ and Y17,

Key words: Total neutron cross section, aluminum foil, monochromatic neutron, MCNPX
code
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Mechanical analysis of the fuel assembly drop accident in TRR core

Roostaii, Bahareh'”
Y. Nuclear Science and Technology Research Institute, Reactor and Nuclear Safety
Research School

Abstract:

In this research, a drop accident for a fuel assembly in Tehran research reactor on other fuel
assembles inside the reactor core is analyzed mechanically during fuel shuffling or loading. In
this simulation, the ABAQUS software is applied for collision analysis. Three modes are
considered for a fuel assembly and its collision with another assembly inside the core. It
includes the vertical and symmetrical impact, vertical and asymmetric impact and vertical
impact of an assembly of one assembly to the fuel side plate of another assembly in the reactor
core. The analysis showed that in the first and second cases, the fuel plate is protected from
damage due to the hitting the target fuel assembly section and its resilience. But in the third
case, the fuel side plates are damaged and there is a possibility of losing its integrity.

Key words: Research reactor, Fuel assembly, Drop accident, ABAQUS software, Stress
analysis.
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Thermal modeling of fuel in the Kyoto University research reactor under
LOCA conditions

Ghazanfari, Valiyollah®, Boustani, Ehsan
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Atomic Energy Organization of Iran, Nuclear Science and Technology Research Institute,
Reactor and Nuclear Safety Research School

Abstract:

This study investigates the impact of a Loss of Coolant Accident (LOCA) on the thermal
behavior of fuel in the Kyoto University research reactor. Two scenarios are analyzed using
Computational Fluid Dynamics (CFD): a complete loss of coolant and a partial loss of
coolant (°* % reduction). The results indicate that in the event of a complete loss of coolant,
the fuel temperature rapidly increases and may reach 171+ degrees Celsius. In contrast, under
the partial loss of coolant scenario, the temperature remains limited to €9+ degrees Celsius.
These findings underscore the importance of coolant management in preventing fuel damage
and highlight the need for more thorough assessments of similar incidents to enhance reactor
safety.

Key words: Research Reactors, Loss of Coolant Accident (LOCA),Thermal Behavior, CFD
Modeling
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Numerical Analysis of a Novel Passive Flow Limiter For Nuclear Heating
Reactors

Hadipour Amirhosein' *, Faraji, Maryam", Hatami, Rasoul", Hosein, Sadeghloo"
v-Faculty of Mechanical Engineering, Semnan University, Iran
v-National Center of Quality system and Atomic Standards of Iran, Tehran, Iran

Abstract:

The purpose of this study is to design a novel passive flow limiter for the NHRY « + -1l nuclear
heating reactor to reduce the break mass flow rate in loss-of-coolant accidents (LOCAS). In
this work, mathematical analysis was conducted first to identify important geometric and
hydraulic parameters of the passive flow limiter. Then a series of numerical simulations were
carried out to find the relationship between hydraulic performance and geometric parameters
of the passive flow limiter. The flow limiter is mainly composed of a multisection cylindrical
flow passage and an internal movable ball, and the flow passage would be blocked
automatically by the movable ball while the flow in the passage was accelerated during a
LOCA transient. Important geometric parameters, such as the axial distance H, the shape of
the throat section, the blockage ratio of the ball in the pipe, and the front length L were studied
numerically to optimize the structure of the passive flow limiter. (font: Times New Roman )
Italic)
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Comparison of the performance of an advanced IPWR reactor in utilizing
cooling pumps or natural circulation for reactor core cooling under normal
operating conditions and accident scenarios

Farhang Postekan, Hossein', Rezaei Ochbelagh, Dariush', Hedayat, Afshin '

y.  Amirkabir University (Tehran Polytechnic), Energy Engineering and Physics
Department
Y.  Atomic Energy Organization of Iran, Nuclear Science and Technology Research
Institute, Reactor and Nuclear Safety School

Abstract:

Passive safety systems, such as those based on natural circulation (NC), play a significant role
in the design SMRs, particularly IPWRs, due to their ability to enhance nuclear power plant
safety and reduce reliance on active equipment. On the other hand, designing such systems, as
well as utilizing this natural mechanism for cooling the reactor core during normal operation
(NO), involves significant complexities. Comprehensive research and studies are required in
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this regard. In this study, using the IPWR simulator developed by the IAEA, the reactor's
performance was simulated and analyzed under two conditions: utilizing pumps or NC for core
cooling during a power increase from *7 to Y+ 7, and during an SBO scenario. The results
demonstrated that NC can effectively cool the reactor core without the need for pumps, both
under NO conditions and during accidents such as an SBO, where pumps are inoperative.

Key words: IPWR simulator, Natural circulation, Normal operating condition, SBO accident
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" Gravity driven water Injection System (GIS)
" Pressure Injection System (PIS)

" Passive Decay Heat Removal System (PDHRS)
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Neutronic Analysis of the CAREM-Y ¢ Advanced Small Modular Reactor

Fatemeh eidani'”, Dariush Rezaei Ochablag ', Afshin Hedayat"
Y. Tehran Amirkabir University of Technology, Faculty of Physics and Energy
Engineering, Department of Reactor Engineering
Y. Nuclear Science and Technology Research Institute (NSTRI), Tehran, Iran

Abstract:

The process of selecting technology for small modular reactors (SMRs) is one of the most
critical and decisive challenges in achieving more sustainable energy sources. Among the
various types of nuclear reactors used for power generation, SMR reactors are considered ideal
for this purpose due to their unique advantages. In this study, the neutronic characteristics of
the CAREMY® modular reactor are investigated using Monte Carlo simulations with the
MCNP? code. One of the significant innovations in the main design of this reactor is the
removal of boric acid from the control system, and its impact on neutron flux and power
distributions without this material was analyzed. Key parameters such as the effective
multiplication factor, neutron flux distribution, and power distribution were accurately
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calculated and analyzed. The results indicate that the neutronic behavior of this reactor is
similar to that of a large PWR. Specifically, the radial power peaking factor and local power
peaking factor were found to be Y,Y% and Y, )¢, respectively, indicating high stability in the
power distribution across all points of the reactor. These values highlight the potential of this
reactor to offer stable performance comparable to larger designs. These findings highlight the
capability of multiple SMRs to advance nuclear technology and contribute significantly to
achieving sustainable energy solutions.

Key words: Small Modular Reactor (SMR), Neutronic parameters, Monte Carlo, MCNPX1
code
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Comparative Analysis of Vacancy Cluster Behavior in ¥C-SiC and ¢ H-SiC:
A Density functional theory case study

Basaadat, Mohammad Reza ‘", Arabieh, Masoud
" Nuclear Science and Technology Research Institute (NSTRI), Tehran, Iran.

Abstract:

This study focuses on the structural and energetic characteristics of vacancy clusters in two
widely utilized SiC polytypes: YC-SiC (cubic) and ¢H-SiC (hexagonal). A comprehensive
analysis was conducted on six distinct vacancy cluster types, including divacancies,
trivacancies, and tetravacancies and pentavacancies, each with multiple configurations. The
formation energies (VCFE) and binding energies (VCBE) of these clusters were systematically
calculated to evaluate their stability and propensity for aggregation. The results reveal that all
analyzed vacancy clusters exhibit stability, with differences in structural behavior and
energetics attributed to the unique lattice symmetry of each polytype.

Key words: Vacancy cluster, formation energy, binding energy, SiC, stability
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Molecular Dynamics investigation of the Vacancy Cluster Evolution and
Stability SiC polytypes at high temperature

Basaadat, Mohammad Reza ‘", Arabieh, Masoud
" Nuclear Science and Technology Research Institute (NSTRI), Tehran, Iran.

Abstract:

In this study, we focus on two widely studied polytypes, YC-SiC(cubic) and ¢H-SiC
(hexagonal), to explore the stability and properties of VCs of varying sizes. Using ab initio
molecular dynamics (MD) simulations, we systematically investigate six different VC
configurations, including divacancy, trivacancy, two tetravacancy configurations, and two
pentavacancy configurations. The findings reveal significant kinetic barriers that restrict the
migration of silicon and carbon atoms to antisite positions, highlighting the stability of these
defects. However, there is a migration in one VC structure in YC-SiC.

Key words: Vacancy cluster, molecular dynamics, thermal stability, SiC

v



E L Ji

PRI

L -‘,_“::—4 O ~C
Rl =]

R INC 31
Ulpl slaiws yuilyais ]4

Jeino | 1ol cuing o)l PH-FPO

CSab Y Syl colas Jols 4 conl 1S0lcdSs Leolys b ojghiienis sbloydes o (SIC) (eSikiw o)l

Lngb)J)lS 6‘)" J‘odu‘ L;‘M)S L ‘ SIC LQ’A;)-’j L)"‘ .)5.»;‘59 u,wla 3 stl.: LgL(bw‘ ).s‘).a L 695 ngﬂ.c 9 &9
s JBal 1o SIC Iy ] el 08,5 o aasy (2l 9 YU 25 YU slos Lasl 1 aisle e (sladae o aid iy
ailazs 5 )18 axlllas 0 50 (o plo 5l s 095 pe 4l glis glaos IS Lds @ (o i) H-SiCs ) (G,&A)C-SIC\”
P55 5 a5 5 42 o5 el o sl 5 Sl 5 j5 oiusts cogee 15, SIC 5 Sloe Sl slosiz 51 S
H-SiC¥ 4C-SiCY ,5 (VCs) Jsl> slaaigs 5yl s lal p anlllas opl 0,138 o 150 T o)) g Sy 25Ul
ohgds adly plass o dl)l Slge o Slas 5 e JolSS 0550 10 oS s i g Conl 35 e YU slos Ll o
Gogpe Wi Il h cod olse ‘_;)‘..\g.l.é as (gD o, giSTy sile slaime Covw slalaze (o SIC)| ol gly

I LN Lo

SLNTITAS
éa&L»JQjAJJ ua‘P e ‘_glj.:SIESTA [i] Lg)‘).‘a"b).s L) )‘ solawl L: (DFT) L’?Jli} ML’ t-\.’)Ja.: QL.ML?(A

obel,S <o, 5 [6] PBE (Perdew-Burke-Ernzerhof) wb .o plmilSIC glacus L jo JBsls slaasgs
solatwl (DZP) dad L -4l g0 a0l acgazmo 5l 5 o a8 5 Sy S iSUl Ll (65l Jow sl (GGA) a8l o
W88 okt gl ol eolslons (sl 8l 1S 03,5l 1 255 S0 ) Sl 5508 8y (gl 5508 oelysls e,
20,5 oo RY) S pau, Yoo ok 4 zge Job adad (65,50 g wios aislufH-SIC (sl o31 VYA ¥C-SiC &l
YC- lp YxVxY & jgoak bli sloaSis g b 5l paiges Monkhorst-Pack slaasiis jl eolatul b (gl » 4>l
Nose— cliwgeys 5l oolizul b (MD) JgSge Sealiys glagsjlodss ins oolizal FH-SIC sl VxVx\ 4SiC
Voo ol glos yo lagiluans (pl aiS o J S lojen Oygod |, Lid g Les 4 0 slil Parrinello-Rahman
Ao plosl Sley plE Ve v e Dow 4y g aslisined V Gl pl5 Lol S sl a0
i -Y
Gl o it sloaies eim 15 |, (GsSaken 95 Culi y 59) H-SICT 4C-SICY (sl il sazns olis ) S
oaidlis db ol 5 el ,Sbles (slojg,md slawsl « JB sla S ouims ylis juw slapsl aos oo ioles

b oy L5 aisS JUisl 1) o Sas wox b gelas (s 2eS a5 wlows o>yl (glaisS ) baddigs () ot 5y S

(VCs) sl 15 sloadss syluky 5 (il ,L8, 2 aslllas sl ool 5 Joime JE gl sloatiss iz )bk

¢



e INC31

=L

Ol slatus yuiyais JERGYR

g | II€o I Cuirg oyl PH-PO

S Sl Jo5 50 sl il G abols Jelows 5 (MSD) (gm0 (65le (ol 5 (RDF)

si Si
CLS-area

CLdwvol ClLi-area Cl5-vol

CL4-area

V) bz s GESle V) bl (ol am ( olss sls adys) sl> o5 slo adgs ilisen slo 4555 ) JSo
(o) H-SICE 3 (YLIC-SICY (sla lzs s 51 (sl

(RDF) cleds as395 &b —V-¥

st srabss 4 bg e GLRDF sl s 6 50 ol mj98 Judow (gl i ;08 (g 1l (RDF) eleis mo395 a0
(I sl igs o5l Lial33l L 45 39 co sanlie wileas asls oLas Y S5 o H-SICE 4C-SiCY s caliseo glx
el aS sl J sl aigs Suop o bl e olibe )| s s 48, ol vl oo LialS RDF (glaals o
S ald S (C-SICY [0 CLO-VOI (s0is,50 (sly eon! o ogdle 09 oo aligs o3l (2ol i3I b B(F &b yos 5oven
(8l e i s b 5005 St s sl v ersyn & Al sl 395 s oalie (B(1 oS St L
C-C 4 Si-Si sla S oo H-SICY o amo o las 1) LSle ol jo )8 laws! olbule sl as il by ye

a0



sgeie RDF Jloges jo caals cpl .ol g9k aSs yo Loyl o) lite slacaadge o 4 a5 atus LSS L.:).o.:

s plod BB 58 JBle sleaiegs jqa> 0 S S erp g0 plaS ole wal

2lnn

L. ]
=azallk
2

m
Ln
Zazallk
3
[m]

[ #) 3C-8iC b} 4H-8iC

| ' ﬂ ’ e |'| 5=
| e c} 11:11
. |11 & [ I 4 e
1 _ . I A I | =l 1 [l I i
Mew Picks ! / (I ;I , I —
g4 Ly | | |
| 3 i ] pm—
g s -'| s | il"l |'_'| ':‘IJ | | 4
s Ll | -5 I II‘ \ u:___;.__a.:__ .| 5)-5i | i II
| . Ny i
I |L: 1 [ [ !T L p 3 | 1 |'|I | [ A
| ARy | ‘ L \/ :
il U f
|
| [
T | ; A
1] ]
1 | oa L l | T
S L Y| I 4 b
T AP LA F o ¥

[ E¥]
=
(=]
[ ]
=
=
==

O 3 )8 ol (b sla JLSle 4y bgspe elad poje8 5V IS
(MSD) 2y (5255be lmls -Y-¥

S 5 O3 Lags o b alold e el Al (sl 45 el b, 13 Sy (MSD) Solagye ufilis ool

L)l Lacsl b8y Jelows 5 ©l)d 6 nd a8 o 2l Sl (Shes ol e LI & st Sloj ojl S (b e

el 00l 45‘)‘ Y J.iu.: BEK) AW ML?:A H-SiCt 9 C-SiCy 6‘)) MSD ).:QLQA o w.o..m‘ J.§L> )Ln.m.) QL") Jj.‘a BN

C-SICY 5 CLO-VOI aiigs 1 4 o5 ol azgs b5 [F] ol clie MSD e 3o b los] Lal

SIC bl 99 2 50 lr (8 Gl Glaggan, Sy 61 MSD &b S5 50 (65085 sl (& loadigs 5>
IS a0l

4 sz s yben il ibce Uil 35 MISD) e ( JU sl aigs 031l Ltal33l b o ol ol ogee oanline o5

Sl (J sl s 4 Koo Py s ehges dagil sy i plrale ST Bl sleasss

Y



5 ool az g5 BB Lal saims ylis a5 S o yets loy Jsb ;0 MSD &b s « CLO-VOlaigs (sl y 0isS o

3,18 4ST C-SiCY s S candae i b obbpianw 0 YU Glales jo il &yzloe 13, cpl .l jsb J51o

=]

~ MSD[A"2]

' T

3C-51C 0
Gl )
L
G —

10

b)

S(I]{I
Time [[5]

100 300 700 900

200 400 600

Time [15]

800

O9%ehe w)S sl 8 sle (e sl slaylisle sl (smpe (eKke ol TS

S = ot 4ol Jplos Y'Y

bl sl b ol oSl 3 )5 50 Gl (w5 sldadss ()ll (o sl (MD) (JoSg0 Sialins (slas jlwanss

WS 52l o3 ST il MD sjltns Jobo 15 6 slacansiye 5 w3l o o bl dnaiss cal s sl

o EGl absd 55lubl g Dyl 585 caimoplis AS wad o o5 Hho 4 (JIB Cundae g ol (o alols

gy oo Wil 45 jsboslan load ools i o5 4 H-SICY 5 C-SICY (g1, F (sla s o Juboos ol olis by

il o it H-SICF &y Zos C-SICY s (6 sl

loos! & yloe S5l a5 caidly MU)MAJL»J):D loalols ol yo a8 ols las 1) 5,90 g0 Judos CLO-VOl (g0 ,55 (sl 0

ol il e b T= Ve %C loos o dligs cpl a5 ams o plid @l cpl sl JB gl abgs 51 o

v



R INC31
Ol gldiws yuilais JEAREYIR

Slapsl Jolis & yolgs olayg) 50 0 caxgi BB b 4y sl ol o Sdgyg ST+ VY dga (6550 a3l jgue b odwlins
FUER W (CS|) L)")S wl.o.usui 9o J..iuﬁ L o g oo; u)}Le(c uﬁi..l...m wL..u‘sui ‘_gl.bg.,u.xﬁa.a L as ..b.)}) U")S

Distance

Distance

AN R [V AV Sk
\ / \ /\/ A / Cl.5%rea 1t CI5-vol

800 200 400 600 800 200 400 600 800
e

)5 slo ol (5o sl (05 Blise (sle g (6l (po el ) sl (05 b 3l (e ALl T S
Ok

S A g - ¥

sl @y Sl ol sl 8 Glaader (Seolid S8 omyn lp oSt @ bl JsSse Sialis lacsjluand
s BB bbb o5, alse L1y gz B otiir slacusgams qmls ws sl FH-SIC 4 YC-SiC 5 Jis
Syzlee gl e (oo 55 i0ls GLaS IS o (5,5 sl ol T slatemdae 4 (2 5 55k slapil Oz lee 5l 45
eyl slagiin aasdly (al wind jall sl & zlge (sl walie (5 Joime Slsie 4 )8 sl cal (3T
Sealind 3550 50 ot slogiiy asly () S o0 GLISIC Glacus )l 65l 5 (i 3, 050 50 1,
YU slabes 1o o394 (albiall iz 55 Szl 4 on)S ol hles 5 g was oo 8LISIC o sl> 5 loasiy>

A



|

=

il=]

, JBsls slaaiss 6 lubl ,o S slaculo 6T ad 5 S oo 9l | (L8 Sllhas uimen gl oS oo 05T

22l -0
[Y] Capano, M.A. and Trew, R.J., Y44V, Silicon carbide electronic materials and devices. MRS
bulletin, YY(Y), pp.) 3-YY.

[Y] Wesch, W., Y441, Silicon carbide: synthesis and processing. Nuclear Instruments and

Methods in Physics Research Section B: Beam inter-actions with materials and atoms, Y)7()—
i)’ ppv O_YYY,

[Y] Giancarli, L., Bonal, J.P., Caso, A., Le Marois, G., Morley, N.B. and Salavy, J.F., Y39A,
Design requirements for SiC/SiC composites struc tural material in fusion power reactor
blankets. Fusion Engineering and Design, £(Y—£), pp.Y 1oV,

[¢] Qin, Y., Wei, Z. and Bai, Y., Y+ Y). Effect of vacancy defects of SnS on gas adsorption and
its potential for selective gas detection. Vacuum, YAY, p.) +4VAY

[°] Perdew, J.P., Burke, K. and Ernzerhof, M., Y 231, Generalized gradient approximation made
simple. Physical review letters, YY()A), p.YATe,

[V] Zhou, P., Wang, W. and Yu, Z., Y+ Y). Analysis of interface fusion ef fect between old and
new asphalt under plant mixing and cold recycling mode based on molecular dynamics
simulation. Materials, Y ¢(1 1), p.£1YV

4



i

B

Il

I INC 31
1.0 NPy 1464,

o CrpE againo | 1o cuiig ol PH-FO

1

EEEGA]

[l [l
HRINRIRIE

2 33 (T (55T 5 o 43 T gw ylovd o it (51 9 Wil gi (551 39 5§l 5T
(1) : JGo u5)

oé‘}sd')o Ay 0> f'*";l.fgﬁ' ‘Olwal
Lo &8 5 e glains a8 iy Slowlxs 55 10

TN
LG el Coj9ale (ANCC) (slatas idpiny Slaslone 3550 dygiST) B golatdl 5 ol (Pl 506 4 2255 L
Oledez Copde $lply (a5 (paaS (sop lBle 5 G Sl )l aalllas 1 g (Db lahy, g Jeel cS s
ST pb 4y grelr IRl 55 e ol dlosiz lagiaghy suly wes axwg PWR (glayssl, (b8 o cogu
oSty B o co g ang plenz 28k Gl ) s JB Sl (Shs 5 o058 DUl a5 el (ARANIK)
(5959 sl )b iz ~LA)'.o,cs Wlg o S ol 2,570,135 o (slatn sl (UL, g B 2l loasge )Lzt s PWR
Al p oS Gl Ve B 3 Ay ezt 0K Sl )3 ane e 8L o ) slaill g (el (S enge
2 S5 5 i) NS e Sales 4 1) g Ls 0 Shac oS gzl (SA) (2,05 25 55115 02550
uw Slawlre 35 10 )0 odds 00ls drwgd oS K00 oge p Ay (Sezgans Al 0 solprin sle i 5l S
I eslads 5 0,505 ool clio ol ,o 99 oo Atmgpd Sl a5 b a5 o 423138 (ALVAND - wgll) (gl

Q}M:Gn d.:b‘ wLuc Sowe d“}“’-’ s_i) 6‘)) 85 ‘57-5)} ‘UL‘L’ 29 IR ‘59]443 9>5u.m.> )‘JJ‘ u)‘ dlibéw‘y

ARANIK 1.0 1)+ S, oS SA w158l ¢ 2w )5 by p5 b el otz oy gl olads’

ARANIK; A comprehensive code for loading pattern optimization of PWRs

Tavakkoli, Ehsan; Mortezazadeh, Khadijeh
Advanced Nuclear Computing Center (ANCC), MASNA Co., I. R. Iran.

Abstract:

Significant features of ARANIK ),+, a domestic fuel management tool for loading pattern
optimization of reactor cores, are described in brief. ARANIK Y.+ was developed based on
Simulated Annealing (SA) search algorithm and is able to control an applied range of working,
safety and economic parameters of core during convergence to final solution. The code is
currently coupled to ALVAND ), to evaluate each generated pattern and then conducts the
loading patterns toward the optimized state based on user requests. Multi-level searching of
tuned parameters is also feasible in this code. In addition, multi-target, over-cycle and multi-
cycle in-core fuel management are of ARANIK Y.+ best features. Also, both rectangular and
hexagonal shaped reactors can be subjected to loading pattern optimization using ARANIK
V,+. A test-case is provided to support the idea, at the end. Examining other proved search
algorithms e.g. PSO, HS, ABC etc. plus tuning search settings as well as runtime reduction are
our due tasks for future releases of ARANIK.

Keywords: ARANIK, loading pattern optimization, fuel management, simulated annealing,
economic design.
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Development of computational methods for neutronics and thermal-
hydraulics investigations of new generation advanced fast reactors with
molten lead coolant

Korosh Rahbari'*— Darush Masti' — Kamran Sepanloo”"— Ehsan Zarifi""

' Department of Nuclear Engineering, Bushehr Branch, Islamic Azad University, Bushehr,
Iran.
" Reactor and nuclear safety school, Nuclear Science and Technology Research Institute
(NSTRI), Tehran, Iran
" Department of Nuclear Engineering,Science and Research Tehran Branch , Islamic Azad
University, Tehran, Iran.
Abstract:

The aim of this study was to investigate the neutronic and thermal-hydraulic behavior of
ALFRED Advanced Reactor core with molten lead as a coolant. ALFRED Advanced Reactor
is a type of Fourth Generation reactor, which uses lead molten metal as a coolant. Due to
problems related to sodium coolant in the previous generation reactors, in this class of reactors,
the middle circuit of the reactor was vanished and steam generation facilities such as steam
generators were moved into the chamber under reactor pressure vessel similar to advanced
Small Modular Reactors (SMRs). In order to analyze this reactor and study its thermo-
neutronic behavior, in the first stage, neutron parameters such as effective multiplification
factor and thermal power distribution were calculated using MCNPX code. Then, by writing a
thermal-hydraulic code in Single Heated Channel (SHC) method, the thermal-hydraulic
behavior of the ALFRED reactor core was predicted and thermal-hydraulic parameters such as
fuel, clad and coolant temperature distributions were investigated. For benchmarking, the
results were compared with related results in reports and papers. Comparison of the results
showed a reasonable agreement with other studies and the error percentage is small.

Keywords: ALFRED Advanced Reactor, Neutronic Analysis, Thermal-hydraulic Analysis,
Single Heated Channel Method

doddo —

L ALFRED ws,sy ,9:5T, ailoe ALFRED (5557, (8 (S jaupseyi 5 (G558 185 sy Geod ol 5l Su
335 (oo o3liinl oainST S plgie 5l Gl o a5 Bl (oo plezr Jeed SloyeST Elgl 5l (S Slie o oaiiST S
rate Bp b 4Sed )3 ooy slaaxly a5l s 4 Vb el g ab iy oleyessT) cole 4 bl 13 sl
ALFRED iyt 55T, Lol sl amseiin 51 ol o i3l Jbe 50 Comaz o clojed 5 oolilge 3blis 4o
5l pas i )0 oy by iz (Sols Vb S eyl 4 Oly oo oad Blate gl 35T, 4y o
500 BYs glan g ol pl oged o)lil eS (hlo 0 e auie YL LI 5 205l (Jle i Dow 4 (6 IS g0

YA



E L Ji

PRI

L -‘,_“::—4 O ~C
Rl =]

R INC 31
Ulpl slaiws yuilyais ]4

Jeino | 1ol cuing o)l PH-FPO

L) ol 6,00 5 (sostie Sz )b cnmgs Sl )0 lay5iS 5l (B 5 g a8l dngs (Sloy9lS 51 (5 )k 45 03,5 s

DB ey Y

da) 50 959 Oplp SVolae Jo sl p (5 55alS sloaS g abad slo by, 5l (crg degemme ALBIS ()8 o 5o
D9y ByeSTy g (nl o 4, IS 4 la by, 5l (SOl 00,5 oy 8,0, 5 b S dalisee galgx o e ol 3l sk

w0 o0 O o A dalsl jo 4T wil e (15 Soge) s Lol sl

2,18 3925 55 o2l GlaS 8590 10 ISk cpl Al aS eoliiul 090 s alais paw Cre @
o e o e 5 sl o] 5351 65 o i S sl 45 o5 T 5 455, IS 4 Ko Jae
Dgion Ol 0 g (emilyis 90 sla ghaie mhaw (Fi S,
Olgoe y ez 1l 0939 cpl b ol o ] j0 oo JLss Glaslayg, sylel cands @ bgyye a5 T J15 glas @
Sl als () alimMo LB ol as oo 6la 5 menlS 51 6 S 002 5 00 Jlis lyd Ll il L
sliwly 5o Sleladl wus 5 7 ke g s, T, Slowls aiw; jo (Mol o 0 lailiwl oS 5 lsze & MCNPX o5
Solnn a5 Sl 5l S el 48,5 &0 die) opl 5o Jled sl 09,5 Lawgi oS ol 5l edel Cewsy uls e L]
S B sl 5 g Ylie 13 55 e dne g Sl o)l il (nl 6550 (s 50 Sge (18 aslgd 5 OIS
S5 Jlo 5o (Sl 4 o5 Slded a5 6ln ple b)) Gz el (ousipe Slaslone 4355 alanil I S 09 e
il o0 5r9799 p)Y Wil (o0 55
0P Ok 5 0igd 0,8 JUS S5 Jowl ALFRED 55T, (S juimge 5 Slslns
S5 o oo g o el Sl iamgns sla bl o5 e 1 T o] it (sl 555T, (55 s,
lostally 5l o pn i b 338 o il ST, lme Ll 5 ol qie wile s is slayially 59, 2 0anS
«699)9 Jlw slod ts Jlie lgie 4 098 (oo S (B (5 P95 sl STy p oSl Jeel (S5 anmge
$959 S STy £ 5 59y 2 A 40 g odd Jlw (SouS w5 i el (I poss g wes o e | o JBS
Sl 4l S g kS Jlzo 59Ty B o 1 Bl 5 LS s 5 0 a5l g5 )18 g OIS i
SHgdarge 5 Sl ploxl il by ad salss ClB jul w50 lalod @595 50 ki 4 2w 58 G195 @95 Dl s 457 03
sl 15,55 5 2Vl el 5l (Sl panpseri o G5 s Slslone digey Jawsgi 93T, (el sl el 4 (lis 5 (B8
MCNPX 5 b g isi slo yially amalono -1-¥

Ol oo o S oslaial b 6 ) 5 0225 sla g, JLS 0 aF Canl ouds aiB bt le pogw a5 Lo Gloie 4 (g3le 4t 03l
ol slo 0 )5 Slawlore pole 5| i5u (lgie 4 gl ALy slo (5l il 0,5 anlllas g () 2 1) il lo pac
5 Slhoale 6boaS 0dss cuz 6l Al o 55he Joe Iy swlid S (b ¢ loond sloa] b anlllas 4o

oS Wl oads Ly ool calise sl g, oboly (Sloslre 6laaS il oo L3S b 4 pole cilises slo asls

V4



aS WS o Jee g5 Cige b,y bl aS 010 0925 (g0l (Slawlre laaS ioren i lo pgle )8 SeSLsS o S
EGS4¢« GEANT ,MORS Jis oJ,I5 cige oS caled ax 51.05b oo MCONPXOS o )] o5 00,5 5 5 SO

Sl r oS il o b 1y (RKen 1 6l dted glo piis gow 4w (g5l 4 gl ool ¢« MCNPX
CoilB (1,3 0 5l 5 03,651 g gaiite slo alatie phaws jl eolatul dhas  zalS sla g, £555 aile MCNPX oS wliogas
Ad o 2 5l ol )b Slewlos (gl oS o 5 (28 51 (S6aS Gl onds Cel 0,9 0duzmn sl dwais g3le 4

u‘)o \b)..!‘)a g_)LM..;L?u) 6‘)) m‘yscﬁw‘ 0 QL“’}')K ws.o U"j) u.:Lw‘J.:dSw‘ o»)a.m.).o.sf& MCNPXAS
Caslym ol ( Sy S8 ¢ BT 500, 4 lgs o MCNPX 08 5,515 5 g0 alos 510,05 1,8 solistul 050 calise
gmad 5 OIS sl giS], b e eains ol o Ban ol b wiks BLaxST dajlu IS8T Jlos 5 ool,b o gl atus
Sleogs 51 (S 325 0958 Foe 55 by pdy SOS Slge Gol> Sla s g dlie (SUlgS 0 g0
Elil pLes el diangmy 51o (53,1 4 bgsyo ledb] 5zsls MCNPX oS g8 bl 51 So0 So ansd S ) e
55 3y Sata¥l ok (g 00Ty StV (g 0iSTyy BB died b 3,55 0 la e 45 ols LiiSTs

ALFRED 551, _S.iS5 8 ,me -V-Y

ALFRED (Advanced Lead-cooled Fast Reactor European ,usT, aslp o oo a5 jshiles
oP calisee sla acs Judo g 455 ALFRED o35, 5l Gas .ol o LEADER o34, ws>,l> ,sDemonstrator)

ETDR (European lsc al) cogo oo (i 059, ol 450 yoka ol oo g0y (512,955T, 10 O 008 S5 (5

QS 550 5550655 ol IS e w5 4o Technology Demonstrator Reactor)

(V) US55 il (oo oy 00sS S5 b 5 S S0l lel€a VYOs5 b gy o 45551, S Lols ALFRED 25T, ~ L

sl 00 00l uLu.\) )}51) LJ"‘ )‘ L';’L‘“

Power: 300 MWth (125 Mwe)
Primary cycle: 400-480 * C
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Parameter Unit Values

Thermal power MW 300
Active height cm 60
Pellet hollow diameter mim 2
Pellet radius mm 4.5
Gap thickness mm 0.15
Clad thickness mm 0.6
Pin diameter mm 10.5
Wrapper thickness mm 4
Distance between 2 wrappers 11 5
Coolant velocity ms’ ~1.4
Lattice pitch (hexagonal) i 13.86
Pins per FA - 127
Inner vessel radius cm 165
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Investigation of the thermodynamic properties of copper-graphene
nanolayer composite doped with titanium element under neutron
irradiation process use to molecular dynamics simulation

Mirzaei Mohammadabadi, Fatemeh', Baedi, Javad'*, Azadegan, Behnam', Koushki,
Ehsan'

‘. Hakim Sabzevari University, Faculty of Sciences, Physics Department
Abstract:

One of the important results of high-energy neutron radiation on crystalline targets is the
displacement of atoms from their fixed positions in the crystal lattice, which leads to radiation
defect in the lattice. These radiations can significantly affect the structural integrity of nuclear
reactors. Therefore, designing radiation-resistant nuclear materials for the construction of
nuclear facilities is crucial. One method to improve the radiation resistance of materials is to
use nanocomposites with interface, such as copper-graphene layered nanocomposites. In this
research, use to molecular dynamics simulation, copper-graphene layered nanocomposites
doped with different concentrations of titanium have been simulated, and the radiation
resistance of this structure has been investigated by evaluating the thermodynamic behavior
and the number of defects caused during the neutron irradiation process. The results show that
doping the graphene sheet with titanium increases the radiation resistance of the structure.
Examining the changes in various energy levels of the system can provide information about
the thermodynamic behavior of the system when exposed to radiation.

Keywords: Titanium, Thermodynamic properties, Interface, MD Simulation, Graphene.
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Study of the Effects of Hydrogen on the Phonon Thermal Conductivity of
Zirconium Using the Green-Kubo Method

Rajabi, Mohamad'- Hassanvand, Maryam'"- Asadi Asadabad, Mohsen', Amirkhani,
Mohamad Amin"
'Department of physics, Isfahan University of Technology, A¢Ye1-A¥\\\ Isfahan, Iran
"Reactor and Nuclear Safety Research School, Nuclear Science and Technology
Research Institute, Tehran, Iran

Abstract:

The thermal conductivity of zirconium alloys, which are used as nuclear fuel cladding, is
reduced under the harsh operating conditions of the reactor. This issue impacts the safety and
optimal performance of these claddings. In this study, using the Green-Kubo method and
molecular dynamics simulation, the effects of hydrogen presence on the phonon thermal
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conductivity of zirconium (Zr) at a temperature of 1+ + Kelvin were examined in both dilute
and concentrated states. In the dilute state, the effect of ' to © atomic percent of hydrogen on
zirconium and, in the concentrated state, the deposition of ¢-ZrH: hydride with diameters of
to © nanometers were studied. The results of this study indicate that hydrogen, both in the
form of single atoms and as zirconium hydrides, significantly reduces the phonon thermal
conductivity of zirconium. For an equal amount of hydrogen, although single hydrogen atoms
have a greater impact on reducing kappa due to having more scattering centers for phonons,
this reduction trend is quickly saturated with increasing hydrogen concentration and only
plays a significant role at low concentrations or when no precipitation has formed.

Key words: Phonon Thermal Conductivity, Zirconium Alloys, Green-Kubo Method, e-ZrH>
Hydride Precipitates
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) Molecular dynamics simulation (MD)

¢ Equilibrium Molecular dynamics simulation (EMD)
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¥ Non- Equilibrium Molecular dynamics simulation (NEMD)
£5
Green-Kubo
e Large-scale Atomic/Molecular Massively Parallel Simulator (LAMMPS)
= Fluctuation-dissipation theorem
* Heat Current Autocorrelation Function (HCACF)
*A Correlation length

¢ Sample interval
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Dynamic and stability analysis of the Molten Salt Reactor with
consideration of delayed neutron effect and prompt neutron lifetime

Hemmatzadeh, Mahdieh, Safarzadeh, Omid”
Shahed University, Faculty of Engineering

Abstract:

Output power control in nuclear power plants depends on a correct understanding of the
reactor dynamics. In molten salt reactors, the fuel circulates and also acts as a coolant. This
feature leads to very complex behavior that needs careful investigation due to the drift of
delayed neutron generators in the primary circuit. In this paper, the dynamic analysis and effect
of delay in the molten salt reactor is investigated to provide an understanding of the inherent
stability characteristics of the reactor. The pade approximation was used to apply the delay in
the reactor system modeling. The effect of mean generation time on reactor is investigated. By
varying this parameter, the frequency response of the system changed heavily. The existence
of time delay reduces the stability of the system (reduction of phase margin and gain margin).
Applying the delay led to the system getting closer to the real model and tracking the desired
output was achieved by applying the controller.

Key words: MSR, Reactor dynamics, Stability analysis, Linearization
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ALVAND:; A robust code for thermo-neutronic design and analysis of
nuclear reactor cores with single-phase coolants

Qarani, Morteza; Saadatian, Farahnaz; Khosravi, Morteza; Yousefi, Mostafa
Advanced Nuclear Computing Center (ANCC), MASNA Co., I. R. Iran.

Abstract:

Significant features of ALVAND, a domestic computational tool for fast, exact and extensive
thermo-neutronic design and analysis of reactor cores, are described in brief. ALVAND was
developed based on the multigroup diffusion equation coupled to single phase thermal-
hydraulics models applicable to both steady state and transient modes. Optimized nodal, finite
elements and finite difference methods are invoked to solve the coupled equations besides
various schemes to speed up calculations. The code is currently limited to single phase coolants
but able to estimate a wide range of working quantities over the core volume. In addition, the
user is able to load burnt up fuel assemblies from previous cycles to new core and run the
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ALVAND code for multi-cycles schemes. Over-cycle calculation of boric acid as well as cycle
length estimation are of major capacities of ALVAND. Also, the code can be coupled to
ARANIK (an ANCC product) to make the loading pattern optimization feasible. A number of
test-cases are discussed to support the idea.

Keywords: ALVAND, Neutron diffusion equation, Steady state and Transient, Nodal, Finite
elements, Finite difference, PMAXS library.
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Control Rod Map ¥ Cycle: 01
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4 16 16 12 12 16 16
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12 16 16 12 12 16 16
13 16 16 16 16 16
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Y Hot Zero Power
¥ Isothermal temperature coefficient; ITC=FTC+MTC, both measured at a same temperature.
" Hot Full Power
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Development of a Gamma Displacement Damage Calculation Code
"GAMMATRACK" Using LAMMPS Capabilities

M. Hoseini*, S. Hamidi
Faculty of Science, Arak University, Arak, Iran

Abstract

The GAMMATRACK code, previously developed based on Monte Carlo methods, is capable
of analyzing the energy spectrum of primary knock-on atoms and displacement damage rates.
However, it faces limitations in certain aspects, such as dynamic modeling of defects,
evaluating the effects of time and temperature on their recovery, and detailed investigation of
atomic interactions. The LAMMPS software, with its outstanding capabilities in molecular
dynamics simulations, can address these shortcomings. This study examines the capabilities of
LAMMPS as a powerful tool for modeling and predicting gamma radiation damage.
Combining the GAMMATRACK code with LAMMPS provides a comprehensive and precise
framework for an all-encompassing analysis of the effects of gamma radiation on materials.

Key words: Gamma Radiation Damage, Molecular Dynamics, Displacement Damage,
GAMMATRACK.
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Investigating the effects of air pressure on aspiration ratio during
passage through a sampling nozzle

R. Gharari®, R. Ahangari, R. Saberi, J. Dabiri, R. Ebrahimzadeh
Reactor and Nuclear Safety Research Institute, Institute of Nuclear Science and
Technology, Tehran, Iran

Abstract:

The current study investigates the importance of accurate sampling of radioactive gases
in nuclear reactors and the impact of air pressure on the performance of sampling probes.
Optimal design of sampling probes, particularly with regard to air pressure, plays a crucial
role in the accuracy of particle measurement. The results show that an increase in air
pressure leads to an increase in aspiration ratio (the ability to draw particles in), but
simultaneously, particle loss due to wall collisions (wall loss) also increases, with only
minor changes in the transmission ratio. Optimizing air pressure is necessary to achieve a
balance between these three parameters to maximize sampling accuracy. The study uses
Fluent software and phase-distributed and k-& models to simulate the dynamics of particles
in the probe. The results also show that the current probe design meets the ISO YAA4
standard. In general, this research shows that increasing air pressure does not necessarily
improve sampling accuracy and should be pursued with an optimal balance between these
parameters.

Key words: Suspended particles; Sampling nozzle; FLUENT, Air pressure; Aspiration
ratio.
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Investigation of the impact of particle diameter on the aspiration ratio
during transit through the sampling nozzle

R. Gharari®, R. Ahangari, R. Saberi, J. Dabiri, R. Ebrahimzadeh
Reactor and Nuclear Safety Research Institute, Institute of Nuclear Science and
Technology, Tehran, Iran

Abstract:

Precise monitoring of airborne particles in nuclear reactor exhaust gases especially at
TRR is crucial for maintaining safety and complying with environmental standards.
Optimal sampling nozzle design is paramount in this context. This study employed
advanced Fluent software to simulate the effects of particle diameter on nozzle
efficiency. Results indicate that increasing particle diameter simultaneously reduces both
particle transmission and aspiration ratios. Concurrently, wall losses (particles impacting
the nozzle walls) increase. These findings highlight the significant influence of inertial
forces on larger particles, contrasting with the dominance of Brownian motion and
diffusion for smaller particles during sampling. Understanding these relationships is
essential for designing efficient and accurate sampling nozzles in nuclear reactors.
Optimizing nozzle design by considering these effects can enhance measurement
accuracy and reduce errors in evaluating suspended particle levels.

Key words: Suspended particles; Sampling nozzle; FLUENT, Particle diameters; Aspiration
ratio.
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Study of the Sampling Nozzle Performance at Different Temperatures
Under Normal Operating Conditions in the Stack of the Tehran
Research Reactor

R. Gharari®, R. Ahangari, R. Saberi, J. Dabiri, R. Ebrahimzadeh
Reactor and Nuclear Safety Research Institute, Institute of Nuclear Science and
Technology, Tehran, Iran

Abstract:

Precise sampling of gases and suspended particles emitted from the stack of nuclear
reactors is crucial for adhering to safety standards and protecting public health. This
process not only plays a vital role in mitigating risks associated with radioactive
contamination but also contributes significantly to enhancing the overall performance of
nuclear facilities. In this study, the impact of air temperature on the performance of
sampling nozzles at the Tehran Research Reactor is analyzed. The results indicate that,
with an increase in temperature, the particle transmission ratio improves marginally,
although the observed changes are minor and negligible. Furthermore, the aspiration ratio
remains relatively constant across different temperatures and stays above Y, indirectly
confirming the nozzle's effective performance in particle capture. However, wall losses
continue to present a significant challenge in nozzle design, necessitating further
optimization. This research emphasizes the importance of optimizing nozzle geometry,
selecting appropriate materials, and considering environmental conditions. It concludes
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that improving nozzle design can enhance the accuracy and efficiency of the sampling
process. Therefore, further research aimed at optimizing sampling systems is essential.
Key words: Suspended particles; Sampling nozzle; FLUENT, Air temperature; Nozzle
efficiency.
doado =)
5 ool o lailinl cole; jslaie 4y glatwa slo,STy jo giSTeol, oyl 5l (s,ls paiges anl,d o s
TS g 2l 6lp s ol B cpl il glatus Cato ;o polis Jgol dlox 5l ¢ cagee Cadlw 3l cliblne
Sl S5 5l eslital . ls (slatus Slucwli o Shas 6 jlodigs 1o (295 BB b aSbL ol (69,0 Janoacons
sledls 5l Gl paie SISl g eols ol | Ol e 550 jebay U aiS 0 S sl mslio 45 (3.80 5 0 lasbenl
2SS 28 e 5l (6,0 paises lagy, YL 8BS i) (nl po il Bl 4 ) cejlae  slates
SleMb! u\.:_c.»f 6[33)‘ 9 L,}Ja.:mw) 6&;09” e S pde A g ..\.156» Lo.:‘ Slesel J)L‘B 9 Tl 6[.&»0.)‘& J}.a}
Iv ¥ 0] a0 SaS suiss ol aes
SrSo3l slate ay s 51 (610 paiged slapis 5 36 (Sl iloane & loizs 4z s o3 sladls o
Wy o by slos laibinl cole, a5 wilosls oyLis [F] ol an g ygmuigtil .conl oy Gglane Blae &l,3 5380
2t s B s a3l s JLad ate 5l o3isa da 36 b 00,5 slee D3 Lzl syl o el Crge
13 sl oig i ls aST o e slorg p ,o Ol cilsl 5l 6 wSol cavonl o [O] ol 1Ken 5 1wl Slallas
I [8] o) SKan g S b ccpmiomad 08,5 (6,10 paiges &, Shae 2alS o go wilgs o 45 asuiue slaojlail b ol
wad e las 053 5l s o, Shee YU HLad Layl ot o YU slen lm bl e sbagy a5 wilos,S uuST 4G
U‘)M 9 &:‘9 s.JLD.».O.?u S| S99y Lgl.bo)‘}’é l) Lbu] u,uLo.: uLA) uw.calf 9 Ql)o J).‘> CA.C)....' QM.:‘)B‘ J.»Jé aQ as
hl p e jobay Jolge pl aS wilosls Hlis § 00,5 cw)p @lyd Jlasl ol j0dei; sae g alg) Jlad 255 [v]
Slg oo ainge Olasdas it glgn i Ll ,.:, )o W8 oo il 5SS sl b 3 6l ohnga il JUis
Lulps o1y loiide sl s o5l 50 [A] hKan 5 Yorw 50 w3 G5 5 Cds loe oomlio o33ls5
|9b )L.m9 Mm.(b‘ odu..lbéu Lo oldlas UJ‘ c.:Lu Ju‘ob; LJ"’)‘JS ).)J)).: u‘ Ky Ls)..\fo)ld.:l 6‘;: ‘9,0 Lg}lb Lgl.ﬁ Les
5 3o salpliy arien s sT sl Sl 2o Gl o sulS Sl ol 4 adib ane (b
Sl 65972 (T UrS 5 a5t Slapions 55 g wilizes mlio o B3 5 pSoslwl sl a5 s5luane
L8] s 55Tas 4 lagitancs ol (2,5 5 cBo b
Slados STy Sldes Lull 0 b J5U6 o, Sles p lgn slos 580 )_..:L, o 4yl adlas i cpl o
68 Ll g b 5L asgy L5>‘)'l" dso sled @ bogy e ‘513).'2.0‘)19: B30 oo il dguge o..\.«:a‘_g‘)siéo.? swoosls
80,5 s &85 g SV slas Jasbiwl b (6 )ls paiges slaailobe dxwgs a4y yoxie Wilgs oo

ST

Ol g 8 s s (S iU Bado b 4 lais gla,gxST) jo sSTeol, sailE 5l gl pdiges MT)S
Jow ol o cwl 56 pledns Gialed sl 380 gumans Jow S ol Jolss a5 ol 56 avssn )b ‘x.ﬂ)é
NIF e (Sgpuen Jlad 5 aiS oo Joo il )0 S e YEO+ 0l £5 b gl pitaens (295 1o

\RA



I INC31
Ol sl yuilais JEAR

Jeino | 1ol cuing o)l PH-FPO

ol (5510 paiges SIS 0 cete Jule A gl oo 00) (pedd Al e VEF Sgas e 21 0 ()l pdiges
geee <5 2 b cwload oLk Seiled &jgo iU 5 95800 melad yie Bl VY 58 g p 4l o 5L 5l
B30 (23 35 Fle 42 )3 VO s 4 (6395 lgr slos WS el Lol by sl o, Tea b >
slwl J36 sl lges asile guldS’ (g jo Vb 8o b sl a5 ol 35U amaie gl (Glowlone e Lo gom o8
Ayl gsleand o ol cds a4 Lo g a5 Souuory Ll sl jlad g ce s Ol sy o 4 g ol ogds
a9 3l goby Sl Sy3 g 5 > (SaST Sl sl 550 4Y 4l 53 Vb 2o b e Sl eolin
G e 50 G CeleS 385 (bl el S0 S oo SeS e (L 50 (Blae D)5 L8, 580 gileand
ool (5978 (e bulyd ) s guzme ATy 9 s S8 (el sl (55l

el an ulgn s,

e ool S eee
’ >

NS sl o

Jib

()b ) b ol e & (oo (250) b o)l sles (V) JSeo

(Sl ol o el oo eolaiwl cibold (138le 5 51 gyl paiges 3L Sl jo Dl Swolns ¢ b2 (o5lwand 6l
G99y 5l Je il g 285 IS a Igm sz 50 GBlae 3 S o (gilwands jslaiea; (DPM) as 56 Joo
oz Syl e w115 1om Sl L Ll Siom e 5 S35 1 s 385 (6505 (Sl 45 3 o 0500 51,5
(St gl Como fpendd jekiteds ol oo ooliiwl K-8 Ggime Joo 5l dea b, 580 s5le o sl
lyp oS Jald gl 5B «(s5Baiz Jaa o lanl (65950 (oloond Slgo g (caiVg2)95 «(55B00z sla e (3la b
Iy Glaans olyd pgo 5 a5 Jlo j0 el (aib oo Sl jo c8lSs 5l ool sboy8 Kbl a5) Sl 58 5 sole
5 ol Seolis pads gilwand 4 G bax 0,5, ol I 0 o 5le o it b Jwg 51 Joles a5
o y3ba g sludnd plxl (gl 050 g0 Jao C80 Sgug el 5 S o SaS g2 by b il oz Ol
loanls 558 Sy0 ly (Lol gzl plaiear Jolr (nl wloads 03,51V Jsaz )0 bz ilodae o el
i) 4y 538 (55lstert b5 dn el 5] 6 et b S oo ot 2l gl Ll il 5 3 U5 (Sl

035150 0213 1y 6 5 Bes las,y Ol 5 ool J3U slsr oz yo Sl 18, 51 5 ladds

Caiglh 5359 slo il ) Jgur

Hladke byl

T LRSS KV

\EA




T INC 3]
Ulpl glaiwd yuilpais ]4

E L Ji\

NG| = Jdeiro | 1€ol cuing vyl P-FO S o fmm
SaRERITE

Skl Joe
Dense discrete phase &bl ol )b
SFx 5lea Ll IE
9 2] e

Yo Joe
oyl jalsn Jue
S lastwl 0,lpo Ssop L,
Lol RSM ;6 s> Jos

ldisS Joe

Transport Joe

EETONC I Y KV
Yoo S 58 Lo, slapls
Discrete random walk FUSWOM. St PN Y R PR
‘.. Loy, sl slass
o be!

255 )18 sy 9590 S50 0, Shes o g_)lf.fb G ool 0ols o3 0550 lsa (slo (g3lw S (pl jo cunl S a4y p3Y
)b)?}‘f 6“’)"9 M“b‘ )‘ °)‘9‘~’~° dy"‘ 9 JL‘L“)‘ e ‘Qﬁ"‘"‘"]‘“‘""‘"‘“ e )'“‘Q‘)L’ A A 4’9" ‘J)L’ o)‘iJ"""' @L’))‘ 0o
285 salys 15 ) p 390 JolS jebas ulis isu o byl opl oz VYA Y] el

b g e Y

Soges 5l oo 36 Gl jeme ey alBe slales jo 3 JLs, oy ¥ OSUS o cad alyl logad
Transmission ) Jus! cous e oo (Las 1) Jwg 5T 6 0 paiges 15 oulS jolb a3 lon Los 50 conss a3l
J3b o Shae oaxmoslis Jloges ool (Wall 10SS) o )50 51 5 (Aspiration ratio) gl ! cos (ratio
aisls (6,10 paiged B p Lo 3l 0970 3l (6 e S0 b S oo SaS Lo 4y 5 el il slales yo (I8 piges
(G o (69508 H57te A0S oo Lid Az 0 Fe b v 3l ol Kl 4z jo s 1) 19a oo o loged (231 jeome anly
OliS aoyd e 1 01500 BT 5 sl Comns (50508 5550 003 0 el | (ygmsl s S 5 Jlal s
e on bgyye sl )l 51 S 4y plas 2 aS 5410 0429 Jloged jo aliSee Jorie dw 020 oo
SVE B VE Loy dal il o i 5o o 4 Cewline oy opl Cenl e+ AF B - AT Sqam o Jll S
olis g cunl YU Tos M1 Sae pl g, o0 caws 3506 BN 50 K00 Jelse b g o laas Lo e o 4y &l
b JEsl s 5o (S5 Gl s3gn Sl s mT ol piac 4 0,3 Jlal sl 6 (b oS s o
slales ;o a8l S (ol &8> L g l9n A 59Ky )3 et o @ Wi oo (28 51 51 (S ) Los Aal38
93 a5 355 bo,lgyd 4y B3 3,95 5 2alS el gom b Ceul (e 5 3,15 (5,265 I S50 Sl slsa 5L
Ot Jole 2le a bos a5 wo (oo i 5 Sl (S5 Sl et Gl (U cnl b ogd U o (S5 Gl el

\RFAN



\}‘ | |
U\‘ %J
sl T1 e
’ “x:r ‘i’n—n—ri
I lleelal A

=l

Sllogs cplo)ls 8529 (6,5 ojlail o Cllugs (S aS s o lis Uas sle jles s Jasl sgugs (gl y 0aisS
&8 slaptuns (b 50wl 6 pSeslail ol sl bl b > o Sim Slpnis asile (Lalse Jds 4 wilgs e
S 55 (Fiz Gl (G e 0 el ol Wil GRalS sl 06 5 Sllogi ol 4 4z g gl paiged
wiz e b8l guSTeoly slge (g 1o diged jo ail me Sl SIS 38 o s S ojlail o wilgs o Jla]
Bl S 3l (8L 50 590 3aB0 95l o il (S

ol a5 o e g Ism by 5l lae D)3 iz 50 J56 a5 amoge LS V1 YL (a8 gl ] S
A o oo lid g el Blbl glsa jo Wl cdale 5l iy oS 5L Bl yo ol s cdale a5 el pae ol &
b 45 ams e 5 i sliles 3 (pganl ] s JolS L5 Sl 5 e Jae s IS 5 4
A o lis a5 | el (6,10 p Aiged (Glaptinns 1O o oo SOl s b Lo Ol 4y s 56
Sl b olg5 o aS ol (dime ol 4 (gl jues] s (6l el s L 5 calizes slales ;o gt 8 ,Shas
g a0 o Fewly Lod Ol oss 4 i a5 1> 0,8 sleiiel ()10 1 digad pimncs 5l ool Caws 4y slaools & (6 yiis
oo al e 3lae )3 5w o biwws clale b pladises wlgi o0

o o 3l 5B U1 50 Gl Sl 5l gz es BB isu a5 aeo ce Llid LYY B AYY eogaze 4o ol SN
AW pals 5 b sgs glp G a5 aes oo lis g cenl 56 b o Fyp il ol B ol i,
L g 435Sy i) Los b o Jolye a5 mo o ol Lo al38 b o fyso 361 5o (55 ialS o (55,
P glee JB> ol meS Jdo @ Wil o Sim LrelS pl il Fge @l)S B o gum b (S el oS >
Jib awain caslie (2hb b 5l Wlgh oo o)l BT talS il 56 o)lge 4 Olyd peS 5,95 5 A
0,155 BT (5l a2l s w52 g5k b, aile (6,508 loSaSS j solaiul b« 56 (A3ls sla s
el (610 diged gl palS g (5.5 ojlasl cds yol3dl slixe @

Loo 31 o Jln e 23 5l b Sguge & e Logs) il S guge o i om e o fogel
3,357 o3 25 01520 VI L ¢y ol S (53, #ZF JL ok bl wisu (oo Sgne 1) JUSI S (o5

5 ol s 1l o JolaS 555,551,550 gl (sl s (o>l el

\R23



WYLANT Jv
ulpl gldiws yuiljais

Agito | I I cuiip oyl PH-PO

115
I % L 1 & 7 %
1/10 I I 7T 17T 1 2710
I 1/05 I ; p { 25/0
é 1/00 E'----.i,.,.._i 1 2309
- R - U By
k095 S D 1 210
_—}; .......‘J‘ﬁb dw‘ C
2 0/90 1 1900
0/85 %_%-{_%-%—'k’%—{ 1 1710
0/80 ' ' ' ' 15/0
0 10 30 40 50

20
(°C) I ga (gles

l9o slod o o led 1 g gl pano] ¢ JWEDS] s (V) S
VY 5 S g o Al iaes gles jo 30 O3 (6l YAAR g5l o jlasbin) gl Jlas! coed ¥ SO 3ubs (yuioren
B0 8 lastiwl pl b @lyd Jl jo sas b 56 coasS 5 auSTU el (pl !

SRl az 0 YO slos jo J3U 51 (00,8 ambo SO 50 Jlew Sy 5 )3 CdAle m 595 550l ien Julos gl
Slade 4y o] abate v malST s 4y 56 j0 (@) Y USC e S s g yidion (ol 0ol sols LaS Y USCS o
5 e old chale mgei e, 0 VP m/s « s 5l o 5 Sy hawgie (yuisred oy o0 VoV m/s
4 AS OS> 095 e 50 Nyl hled g yul OIS Lo 4y 59,800 Ve )3 il suls sols lis () Y USSS
0,525 555 2 5 03,5 2,95 5 0)lees & (3L s 3l Zey wn ely G ojlens A ey @Bge DS LS (e
Elad ol 5L aS a0 so lis el cpl sl bacwend a3l i o905 o)l o il S cldale 1A adl o plo @

00s lie ol Eoms 3l 2yl aasily oyt bl 25 |y sl o000 65y Bl o yiaS 5 b 05 i s
Lol J36 gy 0 Shas 59y 2 55y il )0

0 01 02 03 04 05 06 07 08 09 1 0 2 3 5 7 8 10 12 13 15 17
kg/m3 o m/s
o ol
ie L "

2
{; p  p=e

Veo



oS INC31
P 464,

J8le s 5l eolaul b ylhes (Sladod j5uST, Sl jo Ol,S (5500 paiges C8s  lsn (lao J""L’ s & GRS Oy
).ul.s el @ b oS weo o ol s slales o J.wbﬂ G0 pdiges J3b o, Sles oy p S loy cabeld
g oo 0,193 BT Sl rals g JUanl cans S5 dgupe el os ialialas STsls T SIS dguge p (609050
il 5l S as cenl ao 3 YY LYY o)lg0 Ml g« AP L+ AT sg00 Jlal coed aitied b Ol sl Lol

Jolse 58,5 Jlai o b asl> (69,505, dinjls 50 o, Slee dgupe ol O3 Qa0 J50 o5 0 Slos onims L

el (64950 QT c_s}‘)'l" Golwdigs 6l g (6 yidin Sladod g Cowl dlge iz 9 30 dwaie wile LS)i:‘.o

FE APV

[V] International Organization for Standardization. Y+«):. ISO YAA%:Y.).: Metallic

Materials Dynamic Measurement of The Mechanical Properties of Materials at High
Strain Rates. ISO.

[Y] American National Standards Institute (ANSI), & Health Physics Society (HPS).
(Y*)Y). ANSI/HPS NYY,): Measurement of Radioactivity in Airborne Particulate
Material. ANSI.

[Y] Harrison, R.M. Ed., Y+ Y. Handbook of Air Pollution Analysis. Springer Science &
Business Media.

[¢] Antonsson, E., Cordes, J., Stoffels, B. and Wildanger, D., Y+ Y. The European Standard
Reference Method Systematically Underestimates Particulate Matter in Stack
Emissions. Atmospheric Environment: X, VY, P.) + « VY'Y,

[°] Chandra, S., Ortiz, C.A. and Mcfarland, A.R., Y44Y, Effects of Salt Loading and Flow
Blockage on The WIPP Shrouded Probe (No. DOE/WIPP-4Y-« £Y) Westinghouse
Electric Corp., Carlsbad, NM (United States). Waste Isolation Div.; Texas A and M
Univ., College Station, TX (United States). Aerosol Technology Lab.

[V] Fearing, A., Kalbasi-Ashtari, A., Zuniga, A., Pak, H., Haglund, J., Kim, H.Y. and King,
M., Y+ Y+, Performance of Two Shrouded Probes for The Collection of Liquid Aerosols
in A Wind Tunnel Optimized for High Air Speeds. Aerosol Science and
Technology, ©£(A), PP.AYY-3AY,

[V] Wang, S., Kuo, Y.M., Lin, C.W., Huang, S.H., Fu, B., Zhang, Q. and Chen, C.C., Y+ YY,
A Simple Method for Aerosol Transport Efficiency Tests in Sampling Tubes. Aerosol
and Air Quality Research, YY())), P.YY. YY1,

[A] Sippola, M.R. and Nazaroff, W.W., Y+) £, Anisokinetic Shrouded Nozzle System for
Constant Low-Flow Rate Aerosol Sampling from Turbulent Duct Flow. Aerosol
Science and Technology, ¢A(Y), PP.2+-3A,

[%] Chandra, S. and Mcfarland, A.R., Y44Y, Shrouded Probe Performance: Variable Flow
Operation and Effect of Free Stream Turbulence. Aerosol Science and
Technology, Y1(Y), PPAY)-YYT,

AR A



INCJ31
-

WFF%:~—

[)+] Atomic Energy Organization of Iran (AEOI), Y+)A. Final Safety Analysis Report for
Tehran Research Reactor (TRR).

[YV] Fluent, AN.S.Y.S., Y+ Y). Ansys Fluent Theory Guide. Ansys Inc., USA.

[ Y] Mcfarland, A.R. and Rodgers, J.C., Y34Y. Single-Point Representative Sampling with
Shrouded Probes (No. LA-) Y1V Y-MS; LA-SUB-4Y-Y£A), Los Alamos National Lab.
(LANL), Los Alamos, NM (United States).

\FAY



R INC 31
Ulpl slaiws yuilyais ]4

Jeino | 1ol cuing o)l PH-FPO

(I F £ o 45) T 3k 053 g 38 43 (51 Aiud 93551, S Sy g Soulono
T gt ST - TLs yoent o g yLidllgd — aabld ¢ oSho = Mliess ¢ goMé

d‘ww5mbPoM5f ‘6‘4“09.»35‘5515 Mjf ‘U‘)"‘LS‘”‘QSJJ"‘ Lol...u A

395515 09,5 (gl Ad  pwigee 0aSLlS ( Slipguaged oSiils Y

ol

ool il 31 50 slenSogll 5 (ond i gm mlio J2alS (rizren g 9ty Sldle )0 Ol 95eS Jans 4 25 b
srlo Sleinn H9351,) S asllhae cpl ol )55 1 slagng Coeal 1 Sletns 6551 Boob 5l Lys of (ila et (555
it wly S e Jlasl gl 9551, Gl il 42835 518 (o2 9550 Lyo O (il ol Sz Gl JLid SzsS

. . . . . m\" . O
Jlajajy)ﬁl)%LS?»wsle;wl@\‘umjﬁCﬁt)o.wlou;o}bb\‘nnFGjLM;i)y;uaAfsjbeED
3590 58581y Cpl Fge piSS oo (temle b ] oo g (6 5lugunds YIMCONPX oS 5l oolaal L LIND (g Lazst ol b
Al dwle gles ayguSTy Colps (J S Al )l Gl aies alax 5l 4e5ST, Sg e sle el )b 83 18w

el G138 Sl slylo jeaSTy AT ol sl )Las g8, saie ples 4 gSTy Culie poren

MCNPXss « Gs5ig5 sl e uLINDTT 551, 8 ool (5l o 1 g0alS lods

Neutronic calculations of a nuclear reactor for water desalination

Gholami, Mobina*', Maleki, Fatemeh', Zolfaghari, Ahmadreza‘,Aghaei, Mehdi'
V. Nuclear Fuel Cycle Research School, Nuclear Science and Technology Research Institute,
Tehran, Iran
Y. Shahid Beheshti University, Faculty of Nuclear Engineering, Reactor, Tehran, Iran
Abstract:

Due to the shortage of water in the coming years and the reduction of fossil fuel resources and
their pollution, seawater desalination through nuclear energy is of particular importance.
Therefore, in this study, a small-sized low-pressure nuclear reactor will be investigated for
seawater desalination. This reactor is designed to be connected to a MED desalination unit with
a desalination capacity of Y +s+++ m"Y/d. In this study, the fuel assemblies and the reactor core,
abbreviated as LIND, were simulated using the MCNPxY,% code. The accuracy of the
simulation was examined by calculating the effective propagation coefficient of this reactor.
After the simulation, the neutron parameters of the reactor were calculated, such as flux
distribution, control rod value, and thermal reactivity coefficients. Also, the negative thermal
reactivity coefficients of the reactor showed that the reactor is intrinsically safe.

Keywords: Water desalination, LIND reactor core, neutron parameters, MCNPX code
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Examining governance dimensions from the perspective of nuclear security

Shafeie, Sepideh \*, Nili Mahmoudabadi, Farzad
. AEOI, INRA, National Nuclear Safeguards Department

Abstract:

Nowadays governance, due to its role in controlling and protecting assets through the
implementation of an integrated system for macro management based on goals, culture and
defining and applying policies and regulations, is globally prominent in various organizations
and sectors. Considering the increasing trend of using nuclear energy in different areas, it is
necessary to investigate governance in this context. On the other hand, the use of nuclear energy
in industry, agriculture, medicine, etc. requires consideration of the requirements related to
nuclear safety and security. According to this connection, this study intends to explain the
nature of governance in the field of nuclear energy and investigate its dimensions from the
point of view of nuclear security. Finally, considering the researches in this field in both energy
and security areas, and also taking into account the documents and recommendations in the
field of nuclear security, for the first time, this research designs and presents a preliminary
model of nuclear security governance, at the level of nuclear facilities. Obviously, the results
of this review will be useful in management studies in the field of nuclear energy.

Key words: Nuclear Security, Nuclear Energy, Governance, Management, Energy

Yo



R INC 31
Ulpl slaiws yuilyais ]4

Jeino | 1ol cuing o)l PH-FPO

e LJT,\..,_{f :
S aRER W=

sloylate 5T sy g cBlid o 8 g code ( cirio alsiis sldas e 10 g5 slas glid 5l (e o Sl 4 axgi L
50l 4 axg Gygpo cplpls el Glatan o550 5l eslatul glp polic op Fpae 5l Slame Cuial 5)ls &g 0 alise
Sl o )0 (oS popie a4 aSil @ azgi b pshate (ul @ 05 oo el G 4 bgyje sl Joalljgims ole) 5

D¢ anlgd aube byl LS| sl oo axsls  glaian
axfllao ol - ¥

S5 porcie -1 -)
Il 5 e g opmlyd qolio Job o lite Kiauly b 45 0,00 oLl Slojles cyms 5 ouilajlusgs (sloaSads 4 ol oS
s ol 3 s slapiors i 4 352 e 8 1T 42 Sl S e e s f g L
b ol S Jleel b 51 Slasl & oliws JLis 4 o5 esgr el slaglojl b oolgls 51 Sladl (glacollad

Va8 S 0,8 o D yge S e opl T v a5

&35! Cael g Sl oS -v-)
alsd 5l JSaze a5 wiloasl 0205 Sy Cu e (6l &5 Al S plaanl b g QLS Il oS 4 cotel (JleS>
55 poe Lol il Cotal Cap ppike el azgr b IV latis 38 51 el a5 conl gladsy, g e g da sl
25 SR ((Sleye ol i L Ll (Samlon 5 Slaal b el (o5 Lolyon JLis 4 (e Ll o
Cu e sl s lastinl 4 saasl @l ke 5 ilsd el ol Cuial SleS> gl Jyol g e
Wlosls oylas Sldllas [¥]aias o LSas 1) cual SlheS> slaal ol Sanys 5l 2T peds § gols S

Sz b el aw gl plets wiiee (65581 Coal (qulul (gt ans pliabl CollE 5 (0g: 480 @y (5 5Re ¢ gus
Sy o o ‘Gl:;u: )L.\JL} &5 6‘)—.’ b.:‘ol.g‘w o )| ‘(_g)).:‘ Jaze )| )_»\)3 CS o g S e ‘_g‘)g c;“’l'“" dpogl
ol 5 6 ,5STax (saes e (red b dnwgs Glaal gliwl, ,o a5 stws B )0 ke il la,gas [Fleal
dsg AT (6 lgom b Syl JS5 & ez Jlie sb a0 5l 0355 ol 53 (ol GlreS 5 S pte 2 155
S35 S 4y 8 > Gla lle b aglse Lol o s szl Gl (pogat o it 5 5 bo)siS Koo L e

[olewt asls , SL

ETETISPS e U JUC SRR
AL e 5 Blas 5 sliis plosly 5 ol sl o, ol (5 leis S i
9 R-JLA.LQ-C 9 ‘_“J,Lo.”u.u (5"&(5’@‘) 9 L@MLM&SBA ‘&A u.u‘j.‘i 9 u‘)).ﬂ.a )‘ T u.».}o » M as 009 ‘Slaww)

Gl ) aes FZuly was Gl 4 (5ige jab a4 Wb laiee SleSe pias bl cel Glawge slrog

YoV



o INC 31
Olol Gl Guilyais ]4

Jeino | 1€ o cuinguuv)l PH-FO

Soo,8 (gilwooly Ojgy0 g sland Hleoly g casol ¢ gesl (3 S 50 el SOl sl sloul aie bl slaies Sl oS>

ol oa ools las (i ol 50 33ge SleSe A oliws gl ee bl jshaie 4 cssl> (o glaies ol

ol

Ases dlazsl
byl

[#] slaan 55 039 10 Sl paS> 50 25,0 polie-) S
0, g dmwgy oy NLLS o U 4 1) Sl s luilbinl wyos glaiws (BaS el slacadled ws ) (b ol o
.Ia;‘)..u B )-*60-“-\5 ulfd....\su.\.ol.a u‘}.‘.c Le ‘) d.m.v‘J.S 9 w‘) ‘Li.a).a‘ 9 Sl 0)9> &J‘J‘ ° U.JL,.S JL‘>).§ u.cj...u Lo 2
s Qo3ls ] 5,0 Gz g aileo g5 slo,giS alex 5l glatun doye j0 05l Lo 8T A aies e 8 (sauas

[Flacs jse slans Sl oS>
(S5 Al g e - ¥

Sl Coowl g (S oS> -\-Y
WDlaags alolid iy oo ) il sl aldbgls b ygiS a5 Canl 6, 5 5 Mo lojl sbodabiaksd o ALodliym
yob as IV] el ge slatan coial (s5lwosly ;o LT hyzl o oyl g ) jie (g g Scan, 2b3)) g o e
Gl SlaS Eon 0 0l &yg,0 slesl sy 5 Ol (S sla feadl giws lxl sl 5585 jglaie 4 S
.xslgsso Sl dngo G )0 $9)° prelBrie .o (S 59 lrog,S Jolis Lo o ylewolie a5 cliils az g5 ol (glains
)\) n.\.’).? \)5.> és.m g.))..\.e 9 ‘5.»)....»& u.ul.m‘)) 4)L<»4.> g.)Lo‘..\B‘ Le Cowd o).& 9 LS“L“'M" ‘Gcl.a..?‘ ‘él‘o g_a.l...?r.a ‘5Lbo).~.i|| Ll
M L) slaes cosnl Sl eSa wilg oo Jow 5 A3 Gozmen (Jolg> g oS g8y Jie (Mol slaolayg, Jolie
ool 3,200 0 g Joiime slovgs liw (mias <989 51 i <;°L‘T @097 el )0 SlpeS> JFge JliS aej¥ 05l axlse
s coal SleS> o [ el glaas cund Kim s g jlwosly b sl coil & o g algd 4 saisl o o]
olall 5 sy 2 4 51 35y Lozl sliwl 5 sioe Lo e Il e Mol sloasbicaiblse «lasles 5l dcgaze
lolid (6 iy Ban b o lse (pl adS atiie Jloel gl (9o mhaws ;0 a4 by g (gomsy il ;500 (S0 g Sl

Dy g aies aleas Glual Gl Glaias 5 5555 Sloo d b ué o s 555 10 & Gl

YOA



Sl sl S oS> digad Joo 215k Y-y
Sy g Sladllas o o5l (65,50 (dadlipn ilil sloasbarog 1o slaws Cuisl 059> ;0 pedlie 5l azl ulwlp
$ge Silwosly (el 5 555l 039 93y )3« SeSe S (x4 4z b g5 g ob 8L, e yelS
5 S0 wiejls )eiS G glaie Cosnl ) 50 o a8 j0 5 655 g slaee Dluwgs mhaw o SIS

358 18 ax i 0 50 0 lae pl el el 0ol B g0 S o Ll salie sl 4y Sl

Slaar codal Sl peSe Cudigo glaadlgo diges

laimd Oluwgo zdaw 39 (g gaf poonad

ol g g LSl Gy Slelyll g ol ke WaCudgione g Lo il ol
sl ol £ A polie P S Lanls Slasieg gy
o s J S S e Sl by
Sy S ke Sl oy e

(VY g W s coial SlieS 55 (6 S peoa ;o jlaioe sloailga-Y IS

99 ;@ ;0SS 0js Dldllas jo a2k sl Jow pils Jaiio b regh ol aild jo ead pwypn Cdlae plo
Sl SeS> gile Sllas lp adgl diges SO laie a4 FUSS Ho oals cols lid Jow waee JIAF 51 g4y

owd.o 43‘)‘ IR G‘W g_)l.w.wyo C.’a»: o 6‘4.»,“&

yo4



I INC31
Ol sl yuihais WRIEE

Jeino | 1€ o cuinguuv)l PH-FO

ol bastianoy « ()5 Slgd) gl sl 039> 33 O yho 3 (il (12905 )
) les (S e g uiled
K yh g 5ol ga o Lbl i bl s sl Ll

& 71 b 1At diige Dlasie *

1ol o « (13 328 st Nz el 5o SLal3ll (gl y2 1 3 o jlusolss ¥
31 8leyg oy
ailob g Laaeliy Wiyl g lw)ja,a odlel

. )

[ IFs€ S rob ey ool |e o g vy ey ) ) K £ ]

Olaisie g OBl oy ©

51y 9 sloygs slaowyilplnl o N
« (55 )5 S 2 > (oolaT il ¥

3% g 0y5les Wl g 3ol gliwly )5 il semSn °
lilxe Jlosh 5Ls @500

= 1b Gl daigd g el i)l adlead
Olyie g

Gl Cal Dl gy o STy ® « ool b yo sty g HlaS el oYL ol b Jobss . F

[Ve-a] latn coal SleS> adgl oads oL Joe ¥ S

s Jow sl 4y ailgs o conds (b Jow ol odls [l o b Sim g OIS slbaasli cw) p b Olidss S0 ol oo

il Cowd (gt cpl 0 0dd (o Joe A Cod Jaawg g S oS ol o

e Tad -Y -y
4 gk sl Sl DLl g Jpol iluesly 5 (b (sl 55l 4o se ;0 45 wmd o lis aslllas )]
Slaags slolid (glais Cotel Kin b b az o axwg 0SB sl izl e alojT sl 0> ol 5o
€599 252 5 Wil b ez ol 5 agzlye (lolid (3l 4y my o180 5 Sty s 3Ll 5 lans ol
ouds (yxe oo 3l (65050 0 el 390 GlaS a0 ai e slasli b g Kem g Jalsd o glain coal Sy, S
23l F5o S5 5 Satd Dlasugs 8 (gl Zotol oS> b Flelos | S oIS 1o Wl oo g al 52

SR
['] Kjaer, A. M. (Y +YY). Governance. John Wiley & Sons.

[Y] Ira Winkler, Araceli Treu Gomes, in Advanced Persistent Security , ¥+ 1V

[Y] Energy governance, energy security and environmental sustainability: A case study from
Hong Kong Cameron Holley a , Emma Lecavalier Y+ )V



e INC31
al Ol sl Guilyais

AR e
RRER

‘iﬁgygfwf ———
[ |
o ol

[£] Leadership in high-level forums on energy governance: China and Russia compared BylJale
TosunORCID Icon, Karina ShyrokykhORCID Icon Book Strategies and Challenges of
Sustainable Development in Eurasia

i

[°] Evolving Nuclear Governance for a New Era POLICY MEMO AND
RECOMMENDATIONSY + Vv

[1] Luongo, K. (Y+YY). Nuclear Security Governance for the Y)st Century: Assessment and
Action Plan. US-Korea Institute at SAIS..

[V] Bowen, W. Q., Cottee, M., & Tzinieris, S. (Y * YV). The Evolution of Global Nuclear Security
Governance. In The Oxford Handbook of Nuclear Security. Oxford University Press.

[A] Bowen, Wyn Q., Matthew Cottee, and Sarah Tzinieris, 'The Evolution of Global Nuclear
Security Governance', in Christopher Hobbs, Sarah Tzinieris, and Sukesh K. Aghara (eds), The
Oxford Handbook of Nuclear Security (Y+ Y £; online edn, Oxford Academic, YY May Y+ YY),

[] NSSYY (INFCIRC/YY®e/Revision®), IAEA, Y+ A
[Y+] NSSY (Nuclear security culture), IAEA, Y+ +A

[YV] Igbal, K. M. J., Barykin, S. Y., Kharlamov, A. V., Kharlamova, T. L. V., & Khan, M. 1.
(Y+Y)). Innovative multivariate energy governance model for climate compatible
development: The case of Pakistan. Academy of Strategic Management Journal, Y+, )-YY

[YY] NSSYY-G (Physical Protection of Nuclear Material and Nuclear Facilities
(Implementation of INFCIRC/YY®?/Revision ¢)), IAEA, Y+ YA

[YY] NSS Y+ (Objective and Essential Elements of a State’s Nuclear Security Regime), IAEA,
Yoyy

[Y¢] Diesch, R., Pfaff, M., & Krcmar, H. (Y+Y+). A comprehensive model of information
security factors for decision-makers. Computers & Security, 1Y, 1+ YVEY,

ANy



R INC 31
Ulpl slaiws yuilyais ]4

Jeino | 1ol cuing o)l PH-FPO

394 30 NiCrFeBSIC (g3 (53U 5 9 5 S ool 51 (5 3w 4l 9 (5 U Lwg S0 (o
(FYY s o uS) @0 v (39595 S 951y Oladad (sl (0195

TM’.; ‘Jslﬂ.&.’ —‘Lé)..\w ‘QLJ

.)‘3.0‘;..0‘ ‘5u‘f‘6AJ‘6)LA}Q)‘sMLM‘5W_Q.AS‘SLQ‘DU{D;JAGO‘))“SA)“E))J‘ Lol...u .\
colnl ool g3lwlalinl 5 S Lo pllai 55 o (gl din (558 5 psle olKdmgly ! (o3l 53 Glejle .Y
slye Lol 5|

ol

5 Seglin 5 (Jlo Ghalo 4 Cuoglie s sloa)5 5 g5 0929 5 VL pg,5 o 4y NICrFeBSIC (Lo sg5 5LJ1
S lmler (pyme ;0 &5 (S ote Glakad v e 959 slayeST) 5o S (oo Wl YL sles 5o gnlannST Sl
OiS9y Sz VoA zge Jsbo b YRW aisgey oo yad 55d 51 Gl cnl 5o i)l (o (6,5 o 4y 5l s
oy 65560 6 1Sy, dte Syl il a5 B e by (gusp ar Ol 1 ey 5 9B 00l (6554 6018
st otz SEM 55 7SI 098 Sa 5l 1051 oo oS 5 eend Sz XRF g, 5l cadlllae (ol o sl o0y
5 ool b el ot oalial 155 (656 iy g XRD 5JUT 5l g S jitia Jadyo 4, 655 5 19 (8350589
5 ehbacdiw (suslyer 5l o le wiylo 0gzg Lole jo aF Glajl soe g ol Sloul S o0 1S, aige slayal,l
i Gl plp o Cwglie Lol J‘l‘ a5 a8

h 6 o 5 )5 G S, F srselsSime S8 sle)eS|y gals wlels

Microstructural investigation and optimization of NiCrFeBSiC laser
cladding parameters to improve wear properties of fast neutron reactor
components

Bayat, Mohammadreza'", Yasavol, Noushin '
). Atomic Energy Organization of Iran, National Center of Quality System & Atomic
Standards of Iran, Leading Material Organization (LMO)
I, Atomic Energy Organization of Iran, Nuclear Science and Technology Research
Institute (NSTRI)- National Center of Quality System & Atomic Standards of Iran,
Leading Material Organization (LMO)

Abstract:

NiCrFeBSiC self-fluxing alloys, due to their higher chromium content and the presence of hard
borides and carbides, offer excellent wear resistance and oxidation resistance at high
temperatures. In fast neutron reactors, moving parts that are subject to mutual displacement
require surface hardening. In this study, a ¢ kW continuous wave fiber laser with a wavelength
of Y +A+ nm was used for laser cladding, and then the microstructure, phase, and optimization
of the optimal parameters of laser cladding were investigated. In this study, the XRF method
was used to determine the chemical composition of the powder, the SEM electron microscope
was used to examine the powder morphology and the type of growth in the joint, and the XRD
analysis was used to examine the phase of the coating. Using the optimal parameters, a crack-
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free coating was created, and the main phases present in the structure were boride, silicide, and
carbide, which are the main factors of wear resistance.
Key words: fast neutron reactor, Colmonoy 1, laser cladding, hardfacing
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*° Fast neutron reactors
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Simulation of Cesium ¥V Dispersion in Accident Scenarios Using the
Combination of HYSPLIT Model and Neural Network

Ghaebi, Hannaneh', Ghafari, Mohsen', Hosseini, Seyed Abolfazl’
V. Sharif University of Technology, Department of Energy Engineering

Abstract:

This study simulates the dispersion of radioactive cesium from accidents at the Barakah and
Armenia nuclear plants using HYSPLIT and weekly GDAS data. The objectives are to reduce
dependency on model-related factors, analyze the impact of accident timing, and determine the
accident location. An MLP neural network, outperforming SVM and RNN, enhances
classification accuracy, while added measurement stations expand simulation scope and

facilitate result validation for other nuclear plants.

Key words: Hysplit , Neural Network , MLP , Accident
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Investigation of atmospheric dispersion of materials from a hypothetical
accident at the Metsamor Nuclear Power Plant using the HYSPLIT
atmospheric system and its effects on the region

Mirakhori, Mahdi'*
. Islamic Azad University, North Tehran Branch

Abstract:

The Metsamor Nuclear Power Plant, due to its geographical location and technical structure,
poses potential risks to the region. The outdated design of its reactors does not meet modern
nuclear power plant safety standards, which could lead to irreversible accidents. In this study,

we examine the atmospheric dispersion of radioactive materials such as lodine-Y" (I-)¥)) and
Cesium-) YV (Cs-VYV) following a hypothetical accident caused by a reactor coolant failure,
leading to a core meltdown at the Metsamor plant. Factors such as wind direction, speed, and
environmental conditions were considered to determine the spread and trajectory of these
contaminants using the HYSPLIT model's average concentration output. The activity of these

isotopes was calculated in Bg/m?, and their decay and dispersion around the plant were
analyzed from the moment of the accident until Y days afterward, assuming a mid-December
y.vy 00000000. The model's output indicates that the radioactive fallout primarily moved
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eastward. The simulation assessed the deposition and dispersion path of contaminants based
on ground-level conditions, atmospheric pressure, and concentration levels along the
trajectory .The results suggest that radioactive concentrations in the affected area could range

from +,) to )+ + million Bg/m? within vV days post-accident. Additionally, ¢A hours after the
incident, radioactive materials could reach the northwestern borders of Iran, and after ) ¢1
hours, they would exit Iranian territory near Parsabad city in Ardabil Province.

Key words: Atmospheric Dispersion of Materials, Nuclear Accident, Trajectory Analysis,
Armenian Power Plant, HY SPLIT.
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Conceptual Design of an inherent Subcritical reactor
Using deterministic Codes
Abedi.S'", Kalantari. S. Z', Mokhtari. J' ,Choopan Dastjerdi. M. H™-", Asgari. A"

', Isfahan University of Technology, Department of Physics, A£YSTAYY Y,
" Reactor and Nuclear Safety Research School, Nuclear Science and Technology Research

Institute, AEOI,
Abstract

Subcritical Reactors (SCR) are the main power reactor design infrastructure. These reactors
are widely used for training and research due to their high level of inherent safety. This
research aims to design an inherent subcritical reactor using the conventional fuel of
pressurized water reactors (PWR). Using the Dragon code, inherently subcritical reactor cores
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that have an infinite multiplication factor of less than unity were designed. In this research, it
was determined that the fuel rods containing uranium up to *,47 enrichment, regardless of the
core pitch, the reactor remains in an inherent subcritical state. Therefore, considering fuel
weight and economic factors, an arrangement of A+ x A+ fuel rods can be introduced as a
subcritical reactor with a maximum multiplication factor of +,AVE,

Keyword: Subcritical Reactors (SCR), infinite multiplication factor, Light water subcritical

reactor, pressurized water reactor (PWR) conceptual fuel
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The effect of lithium doping on the spin texture of (PEA)+CsPbBr+quasi-
\pl!

Nazari. Safieh'”, Babaei Bidmeshki, Nadia'
V. Physics and accelerator research school, nuclear science and technology research
institute, atomic energy organization

Abstract
Two-dimensional (YD) perovskites are emerging as promising candidates for applications in
the photovoltaics industry and scintillation detectors due to their stability and exceptional
optoelectronic properties. In this study, the impact of lithium doping on spin texture with two
percentages, Y°7 and © /. compared to the number of lead atoms in quasi-YD (PEA)+PbxCsBrv,
is investigated, using density functional theory (DFT). According to the obtained results, the
absorption of lithium in the most favorable sites for Yo7 doping leads to the almost complete
orientation of the spin up and spin down. Therefore, the quasi-two-dimensional structure
(PEA)vPbxCsBry with Yo’ lithium doping can show better potential for use in the scintillation
detector.
Keywords: perovskite, DFT, lithium adsorption, spin texture.
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Abstract:

PMAXS is a most accurate format to save macroscopic cross sections. TORANJ, a software to
generate PMAXS library is described in brief. TORANJ was developed based on the
WIMSD®b and DRAGON as cellular codes to supply needed macroscopic cross sections. Also,
PMAXS READER module is developed to retrieve cross sections from PMAXS library in
requested state. This module could couple with other codes to retrieve cross sections from

PMAXS libraries.

Key words: TORANJ, Macroscopic XC, PMAXS library, Cellular codes, WIMS, DRAGON,
Core calculation.
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Challenges and solutions of nuclear and radioactive wastewater treatment
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\-Assisstant Professor, Faculty of Marine and Oceanic Sciences, University of

Mazandaran, Mazandaran, Iran
Y- PhD student in Physics, Faculty of Basic Physics, Mazandaran University, Babolsar

Abstract:

The increasing use of radioactive materials in various industries such as nuclear power
plants, oil and gas, and research laboratories leads to an increase in the amount of radioactive
materials in the output of these industries. This creates risks for the environment and human
health through exposure to radiation. Due to the special importance and dangers caused by
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radioactive order Compliance with environmental regulations This review article examines
various methods of treating wastewater contaminated with radioactive substances, which
include coagulation and flocculation and the use of membrane technologies, and their
advantages and disadvantages.

Keywords: radioactive wastewater treatment, coagulation and flocculation, membrane
technology
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Table3 Advantages and disadvantages of various coagulants for separation of radioactive waste

Name (CF} Advantape Disadvantage
AL(S0,),.[8H,0 It produces low quantity of shudge 2t pH6.5-7.5  pH specific and high dose and valid for high suspended water
Alum [64] and inexpensive
Na, ALO, Best for hard water High cost
Feu80,); Best results in pH 46 and 8.8-9.2 Need alkalinity
Ca(OH), Very effective pH dependent & large sludge
FeC1, 6H,0 [38] larze pH range Increase salinity, need more alkalinity, cormosive
Polyaluminium silicate Little change in pH during floc formation large sludge, expensive
sulfate [88]
ALIOH),CL[38] Treat low pH wastewater High volume studge, lower pH, limited pH range 6.5-8.0
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Comparison of fuel lattice pitch in VVER and PWR reactors

Mostafa Dehghan, Samira Kashi*, Mohammad Behzadi, Azadeh Naserbagi, Ali Norouzi

Atomic Energy Organization, Iran Advanced Technologies Company
Abstract:

The purpose of this research is to examine the fuel in VVER and PWR reactors. In this article,
the conditions of the fuel lattice at zero cold power and full thermal power for both types of
reactors were analyzed using the WIMS cellular calculation code. In the neutron design of
reactors, determining the lattice pitch of the reactor core must be examined, as this parameter
influences multiple factors, including temperature reactivity coefficients, cycle length, critical
mass, power density, and more. The analysis indicated that in terms of under-moderation, the
PWR reactor is in a relatively better condition. On the other hand, the VVER fuel has better
neutron economy, and due to the presence of a central hole in the VVER fuel rod, the central
temperature in the fuel rods of these reactors is lower, making them safer.

Key words: Critical mass, lattice pitch, neutron economy
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Mechanical Desing of the Control Rod Drive Mechanism for an Open Pool
Type Research Reactor

Ashrafian, Ali),Torabi, Hojjatollah Y, Sazgar, Amjad*Y , Mirvakili, Seyd Mohammad Y,
Ebrahim, Abedi ¥

Abstract:

As the primary means of controlling nuclear reactivity rates, control rod systems require
precise, safe, and reliable design. This paper describes an innovative design for the Control
Rod Drive Mechanism (CRDM) from a mechanical perspective. In the aforementioned
equipment, an internally designed mechanism is utilized, and critical design points have been
extracted from the perspectives of vibration, durability, mechanical strength, accuracy, machine
components, connections, and electromagnetism. More importantly, a design framework for
the CRDM has been developed that could serve as a basis for constructing this equipment for
future reactors without the need for inspiration from foreign models.

Key words: Control Rod, Drive Mechanism, Numerical Simulation, Fail-safe design
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Development of Nuclear Power Plants Fuel test Loop in Pool Type
Research Reactor

Abedi, Ebrahim), Sazgar, AmjadY*, Mirvakili, Seyed Mohammad?
Y-Atomic Energy Organization of Iran, Nuclear Science & Technology research Institute,
Reactor & Nuclear Safety School
Y-Atomic Energy Organization of Iran, Nuclear Science & Technology research Institute,
Nuclear Fuel Cycle School

Abstract:

One of the applications of the light water multi-purpose research reactors is fuel testing for
nuclear power plants. To tackle that, a nuclear power plant fuel test loop is developed to install
in a ten megawatt research reactor. A three-rodlet design is used to figure out this FTL
irradiation capsule. Neutronic calculation is carried out to determine the proper position with
required neutron flux. Thermal-hydraulic analysis is performed using RELAP® code and CFD
simulation to ensure the proper function of the capsule under irradiation condition and its result
is unveiled.

Key words: Research Reactor, MTR, Fuel test, FTL
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Modeling of cesium-\YV dispersion in a hypothetical accident of a KLT-¢ S
small modular reactor

Nemati, Komil ', Shayesteh, Mohsen", Karimi, Javad ", Beshkam, Ali, *

"% "* Imam Hossein University, Faculty of Basic Sciences, Department of Physics

Abstract:

The primary focus of emergency response measures in various radiological incidents is to
manage and mitigate radioactive leaks and releases. Radiation accidents can lead to significant
environmental pollution and have detrimental impacts on ecosystems and organisms. To assess
the potential consequences of such incidents, modeling is conducted using either manual
methods or specialized software codes throughout the pre-incident, during-incident, and post-
incident phases. In this study, we assumed a hypothetical scenario where an incident occurred
at the end of the startup cycle of a Russian KLT-£ + S type small modular reactor located in the
Chabahar region. It was postulated that radioactive cesium-)YV from the reactor core was
released into the atmosphere within one hour. Subsequently, the atmospheric distribution range
of this element was studied for a Y Y-hour period using the RASCAL software.

Key words: KLT-¢:S, RASCAL, cesium-)YY ,Modeling
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Validation study on the irradiation channel in the thermal column of the
core of the Isfahan zero-power heavy water reactor

Tashak, Fatemeh '*, Kalantari, S.Zafarollah', Mokhtari, Javad?, Choopan Dastjerdi,
Mohammad Hossein?, Kaviani Parvin?
y. Department of Physics, Isfahan University of Technology, Isfahan, A£YeTAYY VY,
Y. Reactor and Nuclear Safety Research School, Nuclear Science and Technology

Research Institute, Iran
Abstract:

Isfahan Heavy Water Zero Power Reactor is a critical assembly with natural uranium metal
fuel, heavy water moderator, and graphite radial reflector with a maximum power of ) * + watts.
This reactor has been operating since Y132, This reactor can be operated in ¢ different fuel
pitches. In order to measure the physical parameters of the reactor, several irradiation channels
are located in the core and graphite reflector. By removing several adjacent fuel rods, a region
with a thermal spectrum (thermal column of the reactor core) can be available in the core of
the reactor. In this study, by using MCNP1 computational code, the neutron flux distribution
in the reactor thermal column was calculated. In order to validate the simulation result, the
neutron flux distribution in the reactor thermal column was obtained by experiment which
shows good agreement. The neutron flux was determined about )+ ® n/cm 2.s.
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Keywords: Zero-Power Heavy Water Reactor, Neutron Flux, Monte Carlo Method, Thermal
Column.
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CFD Simulation of Onset of Nucleate Boiling on a Heated Rod With

Sinusoidal Heat Generation

\.Mohammad Javad Khaleghi Y. Mohammad Reza Nematollahi ¥.Mohammad
Khalvandi

'™ Subcooled Boiling
'™ Subcooled Boiling Induced Vibration (SBIV)
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Shiraz University,School of Mechanical Engineering,Nuclear Engineering — Reactor
Engineering
Shiraz University , Shiraz University Safety Research Center

Abstract:

The occurrence of boiling in the subcooled flow sub channels and micro channels of nuclear
reactors causes vibration, distortion and thermal stresses in the fuel rod. The presence of
vibration in the fuel rod causes fatigue stress and weakening of the fuel sheath, which in the
long term or when accidents occur, makes the sheath extremely vulnerable and can increase
the severity of the accident or even cause the accident itself; Therefore, it is very important to
investigate the possibility of boiling on the fuel rod in terms of maintaining the safety of the
reactor and fulfilling the principles in the philosophy of defense in depth. In this research, the
hottest fuel rod and also the hottest fuel complex in the heart of a sample research reactor have
been simulated by CFD method using CFX software, and the possibility of the occurrence of
boiling phenomenon in the cold flow in the heart of this reactor has been investigated The
obtained results show that the temperature of the outer surface of the sheath in the normal
operating conditions of the investigated reactor reaches a maximum of YYA,YY °C and because
it is lower than the saturation temperature in the working pressure of this reactor, therefore
nuclear boiling does not occur in the subcooled flow. However, due to the small margin until
the temperature of nuclear boiling occurs and the asymmetry in the ¥ +-degree distribution of
the sheath temperature in the fuel complex, if the operating conditions of the reactor deviate
from the normal state, the phenomenon of vibration due to asymmetric boiling occurs in the

heart of this reactor which has much more destructive power than symmetrical SBIV

Keywords: CFX, Fuel Rod Vibration, Nuclear Boiling, Reactor Safety, Research Reactor,
SBIV
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Neutronic Feasibility Study of Fuel Irradiation Testing of a VVER-)+ «
Reactor in a Y+ MW Research Reactor

Koraniany, Ali', Alizadeh, Fatemeh', Mirvakili, Seyed Mohamad "*, Sazgar, Amjad

V.AEOI, TARA company.

Abstract:

This paper investigates the feasibility of conducting fuel in-pile testing for VVER-)+++
reactors in a Y+ MW pool-type research reactor base on neutronic calculations. This study
investigated two three-layer fuel irradiation capsules for irradiating three Y *cm fuel rods of a
VVER-)+++ reactor in the central irradiation channel of a Y+ MW reactor with steel and
zirconium materials using the MCNP1 code. The calculations' results showed that the
maximum linear heat rate required for fuel in-pile testing can be achieved using a zirconium
capsule, and for the steel capsule, reaching this value requires changes such as increasing fuel
enrichment

Key words: Fuel in-pile test, Linear heat rate (LHR), ) + MW research reactor, IPS capsule
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CFD Analysis of Thermal Striping in a T-Junction Sensitive to High-Cycle
Thermal Fatigue located at the Main Feed-Water System of BNPP Using
DES Method under Normal and Abnormal Operation Conditions

Khalvandi, Mohammad', Nematollahi, Mohammad Reza" ", Pirouzmand, Ahmad’',
Javidi, Mehdi', Ghazi Ardakani, Fazel'

V. Shiraz University, Faculty of Mechanical Engineering, Department of Nuclear
Engineering
Y. Shiraz University, Faculty of Materials Science and Civil Engineering, Department of
Materials Science
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¥. Shiraz University, Engineering Safety Research Center
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Abstract

In T-junctions where the temperature difference between the two inlet fluids is significant,
flow vortices in the mixing zone leads to severe temperature fluctuations on the pipe surface.
In a result, cyclic thermal stresses on the inner surface of the pipe, leading to high-cycle
thermal fatigue, crack propagation, degradation and eventually pipe failure. In this study,
thermal striping in a vertically oriented T-junction located in the main feedwater system,
which is sensitive to high-cycle thermal fatigue, has been simulated using CFD for both
normal and abnormal operation conditions. To simulate turbulent mixing and calculate the
temperature fluctuations accurately, the DES model has been used. The main line of this T-
junction is part of the main feedwater system, and the branch line is related to the collected
steam condensate from MSR. The location of maximum temperature fluctuations has been
determined by calculating T}, at different circumference angles and along the pipe length.
The maximum temperature fluctuations occur at angle of £°° and are YV,A°C and ¢Y,Y)°C
under normal and abnormal conditions, respectively. In the abnormal condition, not only the
temperature fluctuations amplitude increases significantly, but also the lower limit of the fluid
temperature drops by approximately Y4,+ °C. Both of these factors make the structure more
susceptible to thermal stresses. So, maximum temperature fluctuations in the abnormal
condition have increased by ©+ percent compared to the normal condition, despite the fact the
main line inlet temperature in the abnormal condition is only )©,° percent lower than in the
normal condition.

Keywords: High-cycle thermal fatigue; Thermal mixing; Temperature fluctuations; Thermal
striping; T-junction; Feedwater
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Table ): Summary of Recent Thermal Fatigue Due to Thermal Mixing in NPPs [ £, 1].
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Figure V: Flow diagram of Secondary Side of the Plant: Thermal-hydraulic Parameters
Before and After T-Junction (Thermal Mixing of RL and RK Lines).

Table Y: Thermal-Hydraulic Parameters of T-Junction in Normal and Abnormal Conditions.
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Figure Y: T-Junction (Connection between RL and RK) Geometry and Dimensions.
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Table ¥: Optimized Mesh Details.
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Figure ¥: Mesh Structures of Fluid and Solid for CFD Analysis
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Figure ¢: Fluid Temperature Distribution in the Transverse Direction at Various Cross

Sections of the Pipe for Three Mesh Cells ©,), 1 and 1,° Million.
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Figure ©: Axial Velocity Profile in the Transverse Direction at Various Cross Sections of the

Pipe for Three Mesh Cells ©,), T and 1,° Million.
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Figure 1: Vertical Velocity Profile in the Vertical Direction at Various Cross Sections of the

Pipe for Three Mesh Cells ©,), T and 1,° Million.

Table ¢: Average Outlet Temperature for Three Mesh Cells ©,), 1 and V,° Million.

Mesh Number of Average Outlet Temperature [°C] | Relative Error
Elements CFD Reference %
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Table ©: Solving Models.

Dom Heat Turbulence Buoyancy Buoyancy
ain Transfer Steady State Transient Model Turbulence
Fluid Total Shear Stress DES Buoyant Pro‘du‘ctio‘n &

Energy Transport (SST) k-o Dissipation
Th |
Solid | @ ; ; -
Energy
Table 1: Solver Settings.
Advection Scheme
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Table Y: Boundary Conditions and Material Properties.

Temperatur Bulk Press | Roughn | Material Properties
e Velocity ure ess
Fluid Solid
[°C] [m/s] | [MPa]| [mm] u ot
YY.
Main (Normal) o\t ] ]
Inlet Line YAo,4
nle
(Abnormal) Carbon
Branch Water Steel
i YV Y, Ve - - Data ©
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Table A: Carbon Steel Grade Y °GS Properties.

. Thermal Specific Heat Thermal
Molar Mass Density . : ..
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Table 4: Jet Direction Classification in a 4 +-Degree T-Junction.

Jet Classification < Mg VO Mp <¥ | -YO<Mp<hvo Mp < -.¥0
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Figure V: Instantaneous Temperature Contour of Fluid and Solid at YA,+ s (Normal

Condition).
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Figure A: Instantaneous Streamlines with Velocity (Left) and Temperature (Right) Contours in
the Pipe at YA, + s (Normal Condition).

=
Figure ) +: Instantaneous Temperature Contours in Axial Cross Sections of the Pipe for
Different Circumference Angles at YA, + s (Normal Condition).
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Figure Y): Non-Dimensional Temperature Fluctuations of Fluid Adjacent to the Pipe Wall
versus Non-Dimensional Length for Different Circumference Angles (Normal Condition).
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Conditions.
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Figure ) £: Non-Dimensional Temperature Fluctuations Adjacent the Pipe Wall versus Non-
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Figure ) ©: Maximum Temperature Fluctuations of Fluid and Solid during the Last 1 s for
Normal and Abnormal Conditions (8 = £°°).

Table ) Y: Comparison of Normal and Abnormal Conditions Temperature Fluctuations (6 =
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Figure ) 1: Wall Shear and Fluid Temperature Contours Adjacent to the Inner Pipe Wall at YA
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Figure VV: Simplified Diagram of the Shutdown Cooling System [ 9] and Geometry of the
Studied T-Junction.
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Figure YA: Meshes (Up and Left: Current Study; and Right: Reference [ 9]) for CFD analysis
of Thermal Striping in a T-Junction of Shutdown Cooling System.
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Table ) Y: Meshes Details for Analysis of Shutdown Cooling System T-Junction.

Number of Elements Average

Fluid Solid Total Skewness
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Reference [) 4] "L,YVe,r .4 V.Y E,00 . V,e¥a,A 4 _

Table ) ¢: Boundary Conditions and Material Properties for Analysis of Shutdown Cooling

System T-Junction.
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Table Y ©: Solver Settings for Analysis of Shutdown Cooling System T-Junction.
A ti h
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Analysis of al Time Initial rarism Turbulen vers
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Figure ) 9: Instantaneous Temperature Contours of the Pipe at A, + s in a T-Junction of
Shutdown Cooling System (Left: Current Study; and Right: Reference [Y1]).

Figure Y +: Instantaneous Velocity Vector Contours at A, s, Colored by Temperature in a T-
Junction of Shutdown Cooling System (Left: Current Study; and Right: Reference [ 4]).
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Table Y 1: Comparison of Results with Reference for Analysis of Shutdown Cooling System

T-Junction.
Maxof T L/D ATge ATy AT ox ATy
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Seismic Fragility Assessment of Tehran Research Reactor Containment
Using Incremental Dynamic Analysis in ABAQUS

Mohammad Amin Moshfeghi Gebchag', Ataollah Rabiei', Mohammad Reza Nematollahi'
Y- Department of Nuclear Engineering, School of Mechanical Engineering, Shiraz
University, Shiraz, Iran

Abstract:

This study evaluates the seismic performance of the Tehran Research Reactor containment
structure using Incremental Dynamic Analysis (IDA) with seven spectrum-compatible
earthquake records. The nonlinear behavior of concrete initiates at PGA = +,)©g, where minor
cracks (<Y mm) appear, while steel liner buckling occurs at PGA = +,£°g. Critical stress values
in concrete (1 A MPa) and the steel liner (£ £, MPa) comply with IAEA SSG-1¢ and ASCE/SEI
£Y-+ o standards. A sensitivity analysis of mesh size determined the optimal value to be Y+ cm,
balancing accuracy (<’ error) and computational time ()% hours). Fragility parameters were
derived for three damage states: slight cracking at = +,Y°og with . = +,) A, extensive cracking
atmz=+,Y¥Yg with .= +,Y+, and steel liner buckling at s = +,¢°g with s = +,YY. Record-to-
record variability was identified as the primary source of uncertainty, particularly for low-
frequency ground motions like the Landers earthquake (B = +,Y?).
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Key words: Seismic Performance, Incremental Dynamic Analysis (IDA), Fragility Curves,
Uncertainty Analysis, Tehran Research Reactor
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Numerical Analysis of Flow-Induced Vibrations in a Horizontal Steam
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Kamalinia, Amir Hossein', Rabiee, Ataollah™
V. Shiraz University, Faculty of Mechanical Engineering, Department of Nuclear
Engineering
Y. Shiraz University, Faculty of Mechanical Engineering, Department of Nuclear
Engineering

Abstract:

Vibration in horizontal tube bundles is one of the major challenges in the design and operation
of heat exchangers and steam generators. These vibrations can result from dynamic phenomena
such as flow-induced vibration (FIV), leading to mechanical fatigue, wear, and ultimately,
premature tube failure. In this study, the effect of two-phase flow-induced vibration and flow
velocity in a geometric arrangement similar to the Bushehr steam generator is investigated. To
analyze this phenomenon, eighteenth different regions were examined based on velocity and
steam volume fraction, and the corresponding oscillation amplitudes were reported. The
findings of this research can contribute to improving maintenance planning and identifying
potential failure points in the steam generator.

Keywords: Horizontal steam generator - Tube bundle - Vibration - Two-phase flow

Yt



1doddo —)

Jelo g (omy iz )90 B0 4 il osle g Jlow Gl iSen (Sl Gl 5 (SBU (SSB Sl oS )l e
plosl 6518 g0 by 5l Lab ol )l o yien 5 eS8 S0 Bue b goawe 2T 5 soae Sldllas o5 I3
cslin KiplisS Ky slonl by el Coan Sl sulr e g s 6l ymell Glojen axlllae (] s a5 el sud
Sz 5l eolaiwl b duls g 1 by slog s 31 g 0T Slewloee Yliw Seolins 5l eoliiwl b Jlow SVolas ulo
Jelos o LES Jow 5l eslizal ] 08,8 oo )b age slo alg) Sllog p azis] ol 516 Conl pe Sgaome Lol
IV] el 0035 3 samlie soaxie Slalllas jo alg) il )l oo e FIV Juws o o ol owyp 9 il o>
Slalidle BB ohs LES 055 o s Jsb 5 loj slogobiie 51 (snmms s b olaalo S abongy il o>
LES (25, 665,50 opdlas et RANS (slo Jato 5 eoliil 0550 Jghite (sloaSis 4y s 55, gloasieds skl
S 5 i [F 5 ¥] 8l on e slagnls 5 ey 8l bt 5l 03 a5 0l s > p3kie
0315 1,3 ey Sype [ Voo 5ulsin; b oz seam 53 Jies sl abeo 1) Jlow 5| (86 Slales )| 395 gl 5o [0]
5 g0 saxie Slalllas el 48 5 15 Lloxs 90 00l ol zmls 5 o] Sl saste slo (5, lubl iwgsy ol 5o il
531 ol (! A3 (oo 5155 850 ) 5 (51 (sl ol y5es 31 (o3 Wy SLakes | o Gan b alssle]
Syl 90 el sy slo Judz sles o il eols i, l55 1) s glgil 5wl 60 0500 48 bogs g abylb S sl KidysS
LV 8]l onn 8 Judow § ()55 — (uilS 3 g ylogs anels = Lol )| Judow ;o age

ST

Sladllae Golulyy g oedigr o gy )0 0ol aid 5 IS (a8l )L alge (28,5 Hlai jo b alg) atws (Sogud gy 5o
Ay 9 S 5ol (Jlixl g (Bolad slaslas) (28,5 s 10 oy (ol 6098 (cw) 0 slp sl dlopo 7 2, S 99250
S5 y0umge 5 (55l and Jbu Wge ples o Joudstie e Jow 5l ooliiwl b Jol a8 o JA] conl sats a3 5 L o ol
B 5o (Slgyaemge s el 50w slo bl (lsie 4 )l e o )l ez S 5 Sl Sy sl 4285 vl
Az ol ell 0 pndy bl oo Wae jo canlis o s byl ) cpl olul B ais 5 acule s o a0 2l pgo
el Sy pdepge i 4l oaze 4y pls (Bl )L Wge ((Slgynamge s Julod )0 el avule polie (SwSTy
- 3 ] ol 03,5

S5 990 5 A5 ooz (g Dlakie (V) Jsox

S &8 5 & !
N o C o e "
Jbw m/s) Jb m/s) )
-If Iy zone\ + </ A zone)
N /Y zone\) Iy </ zoneY
IY -If zone\ Y -IY +/\ zoneY
A -If zone\Y A Iy zZones¢
N -If zone) ¢ A A Zoneo
4 -/f zone\ e -IY Iy zonel
-/f <10 zone\ " -/f A zonev

*" CFD



N N zone\V Iy <Y zoneA
4 N zone\YA <Y <Y zone“

oS ol £aig0 ol Sl S ol il o 00l Lialed ) S5 0 ) gd o sid byme >l Silad ey
a5 28,5 5k 0wl e g Sl (owyp ln s 05 (o0 I GRIBN B e S Jlew gl )l (28, YL L Laseie
ob;woMMwaﬁdywbsouu)byW

[ @ [ @ | @ \
| = | @ | @ |
| = | @ | =@ |
\= | @™ | @)

A5 ooz >l 65,8 e 5l LS Sles (V) USC

3590 pgms ol 50 FSI o 10 (63555 (6550 Ll plgie 4 a8 oazme (g3 51 plaS 1o )0 oud aplne gl ol
oo 20,5 oo plomil SalysS o3l yal 5l eslisad b (FSD) ojles - Jlow (2iSen p poms o5 10 05,5 oo )13 ooliciu
ANSYS TRANSIENT |58l 5 3l solazwl b ol Jdow 3 ANSYS FLUENT 1381 o5 5l oolaza b Jlows
s 328 51 (530 3l Sl ynal)ly (g2 Consl 4383 plosl 1531 035 99 (e Jys5 550 4 s STRUCTURAL
it Olgie & Glugs S8 g anels (b)) 05 (o0 513 (o p 3590 ST nl p)lex B 50 b o) s (o,
ol 65 came g pled [0 00,5 o )18l 5,90 pylaz a5 0 Lo dlyd a4 Jleis| ol sloul dnle sl sl
gl plnl ceslio el 42U 50 50 60,5 18 (g 3590 Wil Jelo

-y

53,5 oo plamilojle by Gl sla 95w DIAT (g 2 e b (55l 4 g 4 Jlow - o3le Sl el
S8 aslllas 8590 WS (oo j5ee Jlu Wge Sl Aol (59 51 A4S p9d Caonw ;0 (51 95 Jlow Gl Ser p pI gl o
OBl el 4285 wloxil poas o 1381 053 50 loe SihisS (o351l Sl eslial b oS (5le 4l Gl plonil L8 5 slgs
W) IS ooy (oo Be Ll (oo gy JB b s a5 came (g o gl plug sl il 00)s] cesny
@S &5 Joo o oS )5 (o Jlalo e 50 el 158l p 5 50 SeeksS g5 4 b ye Dledal (i Cno 5 00
ol atws [N 1l 5o 5 o 2Kiglojl Joe 5l oolisiwl b .0,1,8 )13 anlllas 8,90 0ib oo s jo o] aKisles]
DG 1Y 3 axdllan cpl 5 3955 sz iy 10,5 15 soue axlllae g0 il 4155 5 Jlws oy iy 0 45 ol
388 (oo piled 0 1y Gl 29 9 9959 e 9 S0 Lulpd Gl pled VUSE Cnl oad i85 I s 4l e
aasl b sl Jow jleolaiwl b g gy a4 ol U ol sl (goae aSs S olon] wiojls gl (0 5] cassy
S S8 e Como 050 (g33e S gy Sule 50 9 9 pdy plnil ceslis Lo LES

¥



Pressure outlet

A e .
@LExp. (Lin et. al.) ANum. P ) Velocity inlet - | =
. [ J
5 0.8 A
z
z a,®
2 e
0.4 Ag L J
PY [ )
o *
0 . .
0 0.2 0.4 0.6 ‘\\l///

Inlet Velocity (m/s)

el Je 53 028 5 g0 b dlio (1) JS5 = Jlow Jobows i Lol Jote 51 (ot (1) s
o)‘L...: - JL......» ‘579..» a)‘l.,.u

@li.ip"uﬂ S 4 Cod oo, 50 090 las L goue ool Coway s 00,8 seonalin ¥ IS j0 a5 jshilas

IS5 0 gl 0)lsns Canw jo calio 0515 L oolasul 0590 a0l 3l plod aiS po Gian |y ooy pe5 4 cl aullys
3y Conload a8 )3 Jlai o (o Ojg0 4 o gl Bl g (gla 00 lagSS a5 cnl 53 @ p3Y ail oo cdwlie LB F
ol a8 § lai o e il Feoond IS g0 mle Lawgie Job sl oals Hlaid o 00i )l g o) ole Jlaixl 3
SLTFSAR 55 09250 Sledbol ol .l oo ai8 )5 a5 10 coll o 4SS lgie 0 algd slol 1o (500 dal 1 g Condl
5 JELLES VY Jole KL Joaw slyls a5 aily oo caSo o o 0,56l S ATV J> (sl)ls dlg) o o eolaul

0) Ko () Ko
= ojle (Sl Jelos 3 oad ad S I 50 (550 Ll ph 5l aled 5% asdlae 5550 (5 8l oled
Jbw FSI Sl
A0 el yalil g0 lgie a4 a8 lugs (il )8 g lugs akals 5l og wialys o )le }-:JL"T onl o 0 5 sla el
by Jlow = o3l (maS a0l (g5l 4l ploxl g Oliles )l gl ol )b dcwloee g,y (Priw Como b .ol wialgs a8 )5
Lodye Judoo A5 sazme (>lgi 5l elaS ja 50 .85 )18 aalllas 5550 50 Wse sla dlg) (5, 51 5B g0 (b ysee 5l (AU
AL 0 VP Al o lug asls saims oles £ S sl ouls plosl ol ¢ Jlew (S b

YV



y 4 ot INC31

‘ A j u|y|5|¢:.u.ub u.u.ll,.mS ]4 @4

RILE B e

9E-5

6E-5
3E-5
OE+0  UMRAHRIMAY il I (LALLM it M" MR
-3E-5
-6E-5
9E-5

Deformation (mm)

-1E-4 t t t
0 0.1 0.2 0.3 0.4 0.5
Time (s)

w203l Al o lugs aals (@) S
s il BB LES Jow 5 ool b aasl ol e olows (obes s Oy gl Lol a8 caul ;85 4y p3¥
s go sanlive a5 shailen wms o iles | calizee > si 1o Bk Wge sl gl lilugs axels Lawgie polis Y Jgas
Al (oo JSCB s G i SIs VP adlaie g algl atns (oo 1) S8 S 0 S T 4oL
&5 sazma g ,0 iS5 g Sllug aels (RMS) Lawgie b o o polie (Y) Jgo

A sl Al

ls e ls e
g ": ": ORI I “’(“ ’j FTIRE
mm ¥ mm ¥
v.YYE- s Ve v.OAE- AR
zone\ » zone)
& VY Y YY.
v..-E- 5 N\ YY\E- g Ve
zone\ ) zoneY
. VY. Y YY.
\.~(.§E— 9 \‘ \./\'E— 9 \’
zone\ Y zoneY
<0 VY. Y i
i.‘fE— 9 \‘ \/\QE— 9 \’
zone\ Yy zonet
& \f g .5 Yo
YSYE- s Ve \ £#YE- g Ve
zone\ ¢ zonee
4 Y§ . YO
QYYE— 9 \’ ﬁ.’fE— 9 \’
zone\® zonel
4 Y- Y Yy
YYIfE— 9 \’ Y.’QE— 9 \’
zone\ 1 zoneY
<0 Yo Y VY.
\QVE— 9 \’ Y\\E— 9 \’
zone\v zoneA
<0 Yo . VY.
\;QE— 9 \’ YVY’E— 9 \’
zoneY A zoned
<0 Yo . VY.

Lol co sy S jo Lasein aos (o Guled Glug asls pl) Jlaw o cem S g ey lojen 1300 4 S0
ansls alply sl (oo (20 Ay 2 00)ls 55508 liee Sl S el Gl Az o 5 )b ez S ke il

YA



B

A

(5. ’4]

T

9 Jlms Sy (VL (GBI @ Az gl b @0l 4l a8 0 (655 Az Gly oo Galpl ST (o0 Ty 81 i)l
20,5 asls mi)dsv‘)x wbu‘gﬁcmw‘yd)busmrfquf

3E-5
— Velocity = 0.1 ~
L ~

& 2E5 Velocity = 0.2 ~ -
é ----- Velocity = 0.3 ==
% 2E-5 | - - - Velocity = 0.4
g. — -Velocity = 0.5
< IES Tl
.8 Te.s
2 5E-6

0E+0 : : :

0.1 0.2 0.3 0.4 0.5 0.6 0.7

Vapor Volume Fraction
a8 ooz 2y o lug als [Ls, YF-0 s

1SS Azl g Sy -F
S e 0 ad,b SO SidoS by, 5l eslatwl b ile )l gl Sy mess sl (FSI)O}L&—JL:.M DS (65l
sl il ans 5l Jolb mlbs c88 13 cwyp 0,50 Jleiml o] s Sl il aals g al pll b VA
s <156 18 Loy o oS b o s sl aly) VL S o5 5 o e S Wge Sy unges
4...9).:;\:PL?U‘LESJM)‘GQM‘LGMEJLJWSBJJO‘SW))JQ&LJJ?Uu)‘ML@)L%JWU)W
Iy S s o s @m0 3ls 4l g S0 jedd o a8 b alg) atsd )0 pgus amli 0ol Sy =l e b ol
S YVe 050 10 ol i g 35,0 Ve dgam 30 bl ilS 8 e ot s slo sols ull yases e lis
A by plnil sla byl az g bcd)S ks o ol Jlod 5 ande jee Job sl o 1) ol b oS ail o
4.:_>l3cﬁ|4.3¢;‘.,....36)|44‘§;5ﬁ,5dbéﬁ)ubﬁ)o..\ilgp.mo}smApb)ouzw)léﬁmoaaum@pjsLg‘.x...;)u_a

28,5 Sl e (6 i Cowla

2=l -0

['] Quan, Z., Zhang, K., Xiong, Z., Zu, H., Gu, H., & Xie, Y. (Y+1%). Experimental study on
cross flow induced vibration response of four-span straight tube bundle with TSP or AVB
supports. Nuclear Engineering and Design, vea, A4,
https://doi.org/Y +,) + Y1/ J.NUCENGDES.Y + Y%, £, YA

[Y] Hu, J., Ning, X., Sun, S., Li, F., Ma, J., & Zhang, W. (Y+YY). Fluid-structure coupled
analysis of flow-induced vibrations in three dimensional elastic hydrofoils. Marine Structures,
AE YYYY. https://doi.org/) +,) + VY/IJ.MARSTRUC.Y - YY, )« YYY .,

[¥] Nazari, T., Rabiee, A., & Kazeminejad, H. (Y+?). Two-way fluid-structure interaction
simulation for steady-state vibration of a slender rod using URANS and LES turbulence

Yq


https://doi.org/10.1016/J.NUCENGDES.2019.04.018
https://doi.org/10.1016/J.MARSTRUC.2022.103220

models. Nuclear Engineering and Technology, o (Y), OVY_oVA,
https://doi.org/) «, * YYJNET.Y+ YA,V +, 0 V)

[¢] Nazari, T., Rabiee, A., & Kazeminejad, H. (Y+Y+). Flow-induced vibration analysis of
nuclear fuel rods using equivalent fuel element model. Nuclear Engineering and Design, Y1Y,
VY Y4, https://doi.org/Y +, Y Y Y/JNUCENGDES. Y+ Y+, ) 174

[¢] Hosseini, N., Griffith, M. D., & Leontini, J. S. (Y+YY). Flow-induced vibrations in long
rows of cylinders and their links to convective instabilities. International Journal of Heat and
Fluid Flow, 4¢, Y+ AYY https://doi.org/) +,Y Y VJIJHEATFLUIDFLOW.Y + Y),) + AQYY,

[*] Zhang, M., @iseth, O., Petersen, @. W., & Wu, T. (Y+YY). Experimental investigation on
flow-induced vibrations of a circular cylinder with radial and longitudinal fins. Journal of Wind
Engineering and Industrial Aerodynamics, Yyy, AEERETY
https://doi.org/Y +, Y Y V/JIJWEIA.Y Y,V + £92A,

[V] Piteau, P., Delaune, X., Borsoi, L., & Antunes, J. (Y+1%). Experimental identification of the
fluid-elastic coupling forces on a flexible tube within a rigid square bundle subjected to single-
phase  crossflow.  Journal ~of  Fluids and  Structures, AT, Yor_y14,
https://doi.org/) ) * YVY/JJFLUIDSTRUCTS.Y + Y4, Y, ¢ 0,

[A] Rabiee, A., Kamalinia, A. H., (Y+YY). Degradation analysis of horizontal steam generator
tube bundles through crack growth due to two-phase flow induced vibration, Nuclear
Engineering and Technology ©2, DOI:Y +,) «Y1/j.net.Y « YY, A, . Yo,

[1] Rabiee, A., Kamalinia, A. H., & Haddad, K. (Y+)1). Horizontal steam generator thermal
hydraulic simulation in typical steady and transient conditions. Nuclear Engineering and
Design, Y+ °. https://doi.org/) +,) * YV/j.nucengdes.Y « Y 1,+ 7,4 + £,

[' +] Rabiee, A., Kamalinia, A. H., & Hadad, K. (Y + V). Two-Phase Flow Field Simulation of
Horizontal Steam  Generators. Nuclear Engineering and Technology, £3()).
https://doi.org/) +») «Y/j.net.Y « )T, + A, v oA,

[V] Lin, T. K., & Yu, M. H. (Y++2°). An experimental study on the crossflow vibration of a
flexible cylinder in cylinder arrays. Experimental Thermal and Fluid Science, Y4(¢), eYY—e¥1,
https://doi.org/) +»V * VY J.EXPTHERMFLUSCIL Y+ + £,+ 7, 4 £,

Y\


https://doi.org/10.1016/J.NET.2018.10.011
https://doi.org/10.1016/J.NUCENGDES.2020.110639
https://doi.org/10.1016/J.IJHEATFLUIDFLOW.2021.108922
https://doi.org/10.1016/J.JWEIA.2022.104948
https://doi.org/10.1016/J.JFLUIDSTRUCTS.2019.02.001
https://doi.org/10.1016/j.nucengdes.2016.06.004
https://doi.org/10.1016/j.net.2016.08.008

>y

fl
|
||

AL v

Y Jlelas () JO‘.‘.‘“’J‘.‘.‘“ LS G!L‘,S
&l Ad wiige 09,5 ¢ SlSKe owiige 0aSLils ¢ 5l olKails =)
&l Ad wiige 05,5 ¢ SlSe owiige 0aSiiils ¢ 5lyad olKals =¥

ol
&S Sl (25,0 5 sondigyn B s mlio ;o cwlol OMSUL I (SO 881 sladlg) anns jo il | 5l A6 S5 e,
Ol 3l A6 OLales) b iy ol 53 05 oS g et jlas alil g Dlia dske pee SIS 4 zrie Wigi oo
GPlsslanels p by ale el 530 (soue slaghs) sl eslanal b canl ool (g (88l sladlg) )3 S 5 0l 2 (5590

wd,S Sl )0 gl S eo3ll 5 (S aimge s amlioaze Gieghy (ol o el a8 S 18 Lo 5550 ST 808
shls as gaoils Al o g all oo 2l Ol 31 l)ls G5 cama  >lei jo Sloles )l 4 aas oo lis uls .l ous

Ol amls osle STy al, i Ol asad jo g i Glegs aisls Gl syls 5 ol By seme S g YL Gy
S ST (IS g rend 53 5 (385 o ) deliy Az 50 5 0,5 Il s B wse yige S po 4 Sl oo gl

5o, - el - alg) anus - 8l by Wee s gaudS wlals

Numerical Investigation of Vibration-Induced Crack Growth in Horizontal Steam
Generators
Kamalinia, Amir Hossein', Rabiee, Ataollah™
V-Shiraz University, Faculty of Mechanical Engineering, Department of Nuclear
Engineering
Y-Shiraz University, Faculty of Mechanical Engineering, Department of Nuclear
Engineering

Abstract:

Vibration-induced crack growth in horizontal tube bundles is a critical issue in the oil, gas,
petrochemical, and power industries, potentially leading to reduced equipment lifespan and
increased risks of leakage and failure. This study investigates the effects of two-phase flow-
induced vibrations on crack growth in horizontal tubes. Using numerical methods, the influence
of flow parameters on vibration amplitude and crack propagation has been analyzed. The
results indicate that vibrations have varying effects across eighteen different regions, with the
sixteenth region—characterized by higher velocity and lower steam volume fraction—
exhibiting the highest vibration amplitude and, consequently, a greater impact on crack growth.
The findings of this research contribute to a better understanding of steam generator
performance under operational conditions, facilitating more precise maintenance and repair
planning.

Keywords: Horizontal Steam Generator - Tube Bundle - Vibration - Crack Growth
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Radiological safety analysis of one research reactor in normal operation

Ehsan Boustani®, Nahid Sadeghi, and Mostafa Hassanzadeh
AEOI, Nuclear Science and Technology Research Institute, Reactor and nuclear safety
research school
Abstract

The fuel cladding, as one of the most important safety barriers in the core of nuclear reactors,
prevents the leakage of radioactive radionuclides from the fuel to the coolant and ultimately to
the environment. Leakage of a small amount of radionuclides from the fuel cladding, which
varies depending on the type of radionuclide, is permitted and this phenomenon exists in all
types of fuels and nuclear reactors. The amount radioactive nuclides leakage from the fuel of a
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medium-power, pool-type, and plate-type research reactor with a light water coolant and
moderator has been calculated. The radiation safety assessment has been conducted with regard
to the amount of leakage of radioactive radionuclides in normal operation and it has been shown
that this amount of leakage causes ¢,YVE-++@ Sv/y radiation exposure of the public, which is
much lower than the permitted limits and does not pose any risk to the personnel or the
community around the understudy reactor.

Keywords: Research reactor, normal operation, fuel leakage, radiation safety assessment.
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'** Normal operation

'** Source term

'** Nuscale Standard Plant, Design Certification Application, Final Safety Analysis Report, Chapter Eleven,
Radioactive Waste Management, PART Y — TIER Y, Revision *+, December Y+ ) 1.
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Enhancing Safety and Maintenance Management in Nuclear Facility Using
Machin Learning: Predictive and Optimization Approaches

Kianpour, Mahyar'*
\-Iran University of Science and Technology, School of Industrial Engineering

Abstract:

The management of safety and maintenance in nuclear facilities is critical due to the high
sensitivity of this industry. Machine learning, a subset of artificial intelligence, offers
significant potential for optimizing safety management and maintenance by analyzing
operational data and predicting equipment failures. This study employs advanced machine
learning models, including Random Forest, Deep Neural Networks, and Reinforcement
Learning, to forecast equipment failures and enhance preventive maintenance strategies using
simulated data .The results indicate that the Deep Neural Network model, achieving an average

accuracy of 4V7, outperforms the Random Forest model, which attained an average accuracy
of AY7. Additionally, the implementation of the Reinforcement Learning model led to a YV’
reduction in maintenance costs and a Y¢Z decrease in unexpected failures. These findings
underscore the effectiveness of intelligent models in improving the safety management and
operational efficiency of nuclear facilities.

Key words: Maintenance Management, Nuclear Safety, Machine Learning, Deep Neural
Networks, Random Forest, Reinforcement Learning.
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Investigating the performance of the control system for a new generation
of medical radioisotope production reactors

Borhani, Mohammad Amin', Abbasi, Yaser', Mokhtari, Javad'
Reactor and Nuclear Safety Research School, Nuclear Science and Technology Research
Institute, Iran

Abstract:

Molybdenum-2% (Mo%%) is a common radio isotope used in nuclear medicine to make
technetium-14 (Tc39m). The AHR is one type of reactor used to produce these radio
isotope, and newer generation have gained a lot of attention recently. In this study, we created
a fast model that combines neutron point kinetics and a thermohydraulic model to simulate
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how the reactor behaves during changes and how the control rods perform.

It is also investigated what happens when control rods are ejected at different speeds and
reactivity values to find a safe limit. The analysis shows that negative feedback mechanisms,
like negative temperature feedback and void feedback, quickly decrease the effects of reactivity
changes caused by control rod ejection. When the reactor reaches a supercritical state, the
power increases rapidly, leading to more void formation in the fuel solution, which creates
strong negative feedback. This model can help design a better control system for new types of
medical isotope production reactors.

Keywords: radio isotope, aqueous homogeneous reactor, transient behavior, point kinetics,
control rod
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