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BeO KRISTALININ TUZAK YUK YAPISININ LUMINESANS YONTEMLER
iLE INCELENMESI

E.ASLAR!, N. MERIC?, E. SAHINER?, G.KITIS? G.S. POLYMERIS!

Y Ankara Universitesi Niikleer Bilimler Enstitiisii, Ankara, Ti tirkiye
2 Aristotle Universitesi Niikleer Fizik Laboratuvari, Selanik, Yunanistan

Ozet

BeO (Berilyum oksit) kristali, son yillarda liiminesans dozimetre aragtirmalarinda siklikla
kullanilmaktadir. Bu malzeme, yaklasik doku esdegeri (Zewin~7.1), genis bir aralik boyunca
lineer doz cevaba sahip olmasi (uGy-Gy), iyonize radyasyona kars1 yiiksek tepkisi, kolay
elde edilebilirligi ve diistik tiretim maliyeti gibi 6zellikleri sayesinde ideal bir radyasyon
dozimetresidir. Bu ¢alismada BeO kristalinin tuzak yiilk mekanizmasi farkli liiminesans
uyarim teknikleri (TL ve OSL) ile incelenmistir. BeO’in TL 1s1ma egrisi 55°C, 192°C,
308°C’de (1sitma hizi, 1°C/s) olmak iizere toplam 3 pikten olustugu; ozellikle 2.pikin
dozimetrik ¢aligmalara uygun oldugu gézlemlenmistir. Bu piklerin aktivasyon enerjileri,
frekans faktorleri ve kinetik mertebe terimleri farkli TL analiz metotlar1 ile termal
sontimlenme etkisi dikkate alinarak hesaplanmistir. Buna gore, ikinci ve {igiincii piklerin
aktivasyon enerjileri sirasiyla, 1.14 £0.07 eV, 1.38 £0.08 eV olarak bulunmustur. Ayrica
OSL sinyali siirekli dalga uyarim modunda incelendiginde en az iki bilesenden olustugu
goriilmustiir. Farkli sicakliklarda tavlama ¢alismasi yapilarak OSL sinyalinin TL tuzaklar
ile iliskisi kurulmaya ¢alisilmistir.

Anahtar Kelimeler: BeO, Termoliiminesans (TL), Optik Uyarmalr Liiminesans(OSL)

“‘Sorumlu Yazar Email: easlar@ankara.edu.tr
Tel: ~—~ 7
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ESTIMATION of THE TRAPPING PARAMETERS of Li2B4s07:Ag,Gd
PHOSPHOR by FGC, ID AND CGCD METHODS

A.OZDEMIR **, E. SAHINER?, G.S. POLYMERIS?, E. ASLAR?, V. GUCKAN?,
V. ALTUNAL! N. MERIC?, Z.YEGINGIL!

!Cukurova University, Art Sciences Faculty, Department of Physics, 01330 Saricam Adana TURKEY
2Ankara University, Nuclear Sciences Institute, Besevler Ankara TURKEY

Abstract

Lithium tetraborate (Li2B4O7) phosphor is well-known candidate for thermoluminescence
dosimetry (TLD) because of its near tissue equivalence. In this study, Li.B4O7:Ag,Gd
phosphor was synthesized using Solution Combustion Synthesis (SCS) method and its
Kinetic parameters trap depth (Ea), frequency factor (s) and order of Kinetic (b) were
evaluated. The TL glow curve of the phosphor consists of three glow peaks at ~80, 160 and
260 °C with a heating rate of 1 “C/s after 10 Gy beta dose exposure. The activation energies
for 160 °C TL peak obtained using Fraction Glow Curve (FGC), Isothermal Decay (ID)
and Computerized Glow Curve Deconvolution (CGCD) methods were calculated to be
0.86, 0.85 and 0.94 eV, respectively. The frequency factor for the same TL peak was
determined as 3.20 x 10%*s™ and 3.62x10° s using FGC and CGCD methods, respectively.
It can be concluded that the activation energies obtained by different methods are in
agreements with each other.

Keywords: Li2BsO7, Fraction Glow Curve Method, Isothermal Decay Method,
Computerized Glow Curve Deconvolution Method

Sorumlu Yazar Email : adnanozdemir1986@gmail.com
Tel : 0539 867 27 45
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DOGAL VE YAPAY LUMINESANS MATERYALLERIN TERMAL ASIiSTAN
OPTIK UYARMALI LUMINESANS (TA-OSL) SINYALLERININ
RETROSPEKTIF DOZIMETRiI ALANINDA KULLANILABILIRLiGININ
ARASTIRILMASI: YAS TAYINIi VE SAGLIK FiZiGi UYGULAMALARI

Hiimeyra GUR?, Eren SAHINER?, Georgios POLYMERIS?, Niyazi MERIC*

Y Ankara Universitesi, Niikleer Bilimler Enstitiisii, 06100 T. andogan/Ankara
E-mail: humeyragurO7@gmail.com

Ozet

Kat1 malzemelerin liiminesans sinyalleri, retrospektif dozimetri arastirmalarinda
iyonize radyasyona maruz kalmis inorganik malzemeler tarafindan sogurulan dozu
hesaplamak ve jeolojik, arkeolojik vb. malzemelerin yas tayinlerini yapmak icin
oldukca yaygin olarak kullanilmaktadir. ilgili malzemenin kristal yapis1, liiminesans
verimi, fosfor 6zellikleri vb. gibi 6zelliklerine bagli olarak hesaplanacak doz limitleri
degismektedir. Son yillarda yapilan arastirmalar, 1s1 ve 151k uyarma tekniklerini bir
arada kullanan yeni bir teknik ile dl¢iilebilen sogurulan doz limitlerinin ve buna bagl
olarak hesaplanacak yas limitlerinin arttirilabilecegi yoniindedir. Termal asistan optik
uyarmali liminesans (TA-OSL) olarak adlandirilan bu yeni yontem, daha derin
tuzaklardan veri alinmasina imkan saglayan termal ve optik uyarma yontemlerinin bir
kombinasyonudur. Bu yontemle termoliiminesans (TL) ve/veya optik uyarmali
liiminesans (OSL) ile uyarilamayan c¢ok derin tuzaklarda (VDT) tuzaklanmis
elektronlarin  uyarimi  gergeklestirilebilmektedir. Bdylece rutin  liiminesans
tarthlendirme yontemiyle hesaplanamayacak yiiksek dozlarin tayin edilmesi ve ¢ok

biiyiik yaslarin hesaplanabilmesi miimkiin olacaktir.

Bu calismada, Anadolu’nun farkli bolgelerinden alinmis toprak orneklerinden
ayristirilmis kuvars, feldspat, apatit vb. dogal kristallerin ve Al203:C (TLD500), BeO,
LiF:Mg,Ti (TLD100) vb. yapay dozimetrik kristallerin TA-OSL sinyallerinin
karakteristik 6zellikleri, hassasiyet degisimi, tekrarlanabilirlik ve dozimetrik
ozellikleri arastirilmistir. Elde edilen sonuglar ile TA-OSL yontemi sayesinde
hesaplanabilen doz limitlerinin en az bir mertebe artirilabilecegi gosterilmistir. Bu
sayede liminesans tarihlendirmede yas limitlerinin arttirilabilecegi ve yiiksek doz
hesaplarinin yapildigi saglik fizigi, hizlandirict fizigi, niikleer reaktor fizigi vb.
alanlarda, bahsedilen malzemelerin kullanilabilirligi gosterilmistir. Ayrica TA-OSL
tekniginin uygulanabilirligi ve dozimetri sahasinda kullanilabilirlik sinirlari ¢izilmeye

caligilmistir.

Bu caligma, Tiirkiye Bilimsel ve Teknolojik Arastirma Kurumu (TUBITAK)

tarafindan 117Y208 kodlu arastirma projesi kapsaminda desteklenmistir.

Anahtar Kelimeler: Termal-Asistan Optik Uyarmali Liiminesans (TA-OSL), TL, OSL,

Liiminesans Tarihlendirme, Cok Derin Tuzaklar(VDT)

Hiimeyra Giir E-mail:humeyragur07@gmail.com
Tel:+(90)536 213 43 34
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TLD-100 DOZIMETRELERI iLE CEVRESEL RADYASYON DOZU OLCUMU

Sule KAYA KELES!™, Niyazi MERIC?, Ayse KASKAS!

Ydnkara Universitesi, Niikleer Bilimler Enstitiisii, Tandogan, Ankara.

Ozet

Insan ve diger canlilar kozmik 1smlar ve yeryiiziinde bulunan dogal radyoaktif
maddelerden yayinlanan radyasyonla isinlanmaktadirlar. Ayrica dogal malzemelerin
kullanilarak elde edilen tugla, kiremit gibi yap1 malzemeleri de canlilarin aldig1 yillik
radyasyon dozunu etkilemektedir. Dogal diizeydeki gama radyasyonu nedeniyle alinan
yillik toplam etkin doz degeri yerlesim yerlerine, yasanilan ortama bagl olarak farkliliklar
gosterebilmektedir. Bu c¢alismada, Ankara Universitesi, Fizik Boliimii’nde ¢evresel doz
hiz1 Slglimleri yapilarak bolgenin dogal radyasyon doz seviyesi ile bina igerisindeki
radyasyon doz seviyesi termoliiminesans yontemi kullanilarak karsilastirilmistir. Bu
amagla, termoliiminesans dozimetresi olarak ticari olarak elde edilen TLD-100 (LiF: Mg,
Ti) kristalleri kullanilmistir. Dozimetrelerin kalibrasyonu Ankara Universitesi Niikleer
Bilimler Enstitiisii’'nde yer alan Cs-137 kalibrasyon sistemi tarafindan isinlanarak
yapilmistir. Dozimetreler ortalama yillik radyasyon dozunun belirlenmesi igin bina
icerisinde bulunan laboratuvar ve ofislerde belirlenen noktalarda 2,5 yil bekletilmistir.
Dozimetrelerin yerlestirildikleri noktalarda GM dedektorii kullanilarak anlik doz hizi
degerleri Olclilmiistiir. TLD-100 dozimetreleri ile yapilan Olgiimler sonucunda bina
icerisinde ortalama yillik radyasyon dozu 0,61 £+ 0,04 mSv olarak belirlenmistir. Ankara
iline ait ¢evresel radyasyon degerleri (gama doz hizi) Tirkiye Atom Enerjisi Kurumu
(TAEK) tarafindan online olarak siirekli dl¢ilmektedir. TAEK verileri degerlendirilerek
elde edilen verilere gére Ankara’nin yillik radyasyon doz hiz1 0.68 mSv’tir ve bu deger giin
icerisinde 0,07 ile 0,17 puSv/saat arasinda degismektedir. Buna gore; Ankara Universitesi
Fizik Boliimii’de Olciilen doz hiz1 degerleri ile TAEK verilerinden elde edilen doz hizi
(uSv/yil) karsilastirildiginda, elde edilen degerlerin ayni mertebelerde oldugu gozlenmistir.

Anahtar Kelimeler: Cevresel radyasyon doz hizi, TLD-100, termoliiminesans, dogal
radyasyon seviyesi

** Sorumlu Yazar Email : sule.kaya@ankara.edu.tr
Tel :0312212 8577
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TARLA ICIN YUKSEK GUCLU ELEKTRON DEMET DURDURUCUSUNUN
FiZiGi VE TASARIMI

Denizhan ERENLER?, Avni AKSOY?

Y Ankara Universitesi Niikleer Bilimler Enstitiisii-Hizlandirici ve Dedektor Te eknolojileri Béliimii,
denizhanerenler@gmail.com
2 TARLA(Turkish Accelerator and Radiation Laboratory in Ankara) Tesisi,
avniaksoy@gmail.com

Ozet

Demet durdurucular, pargacik hizlandiricilarda pargacik demetlerinin hareketlerine son
verilmek istendiginde kullanilan sistemlerdir. Bir demet durdurucusunun fonksiyonel
olarak isletilebilir olmasi i¢in; sistemin termal, niikleer, mekanik o6zellikleri 6nem arz
etmektedir. Yiiksek enerjili pargacik demetleri sisteme ¢arptiginda sahip oldugu enerjiye
ve demet parametrelerine bagli olarak, sisteme yliksek oranda 1s1 aktaracak ve durdurucu
malzemesini radyoaktif hale getirecektir. Diger yandan karmasik yapida olan demet
durdurucularini olusturmak i¢in kullanilan tiim bilesenler, mekanik olarak imal edilebilir
ve degistirilebilir nitelikte olmalidir.

Bu caligmada Ankara Universitesi Hizlandirict Teknolojileri Enstitiisii biinyesinde
kurulumu devam eden TARLA (Turkish Accelerator and Radiation Laboratory in Ankara)
Tesisi i¢in yiiksek gli¢lii elektron demet durdurucusunun niikleer fizik etkilesim analizleri
gerceklestirilmistir. Calismada niikleer etkilesimler ve radyoaktif 6zellikler 6n planda
tutulmus, mekanik tasarimin ayrintisina girilmemistir. Tasarimda Monte-Carlo Metodu’nu
esas alarak calisan FLUKA ve Geant4 simiilasyon programlari kullanilmig, demet
durdurucusunun ¢ekirdek malzemesi i¢in aliiminyum, bakir, karbon malzemeleri ve
varyasyonlari; zirhlama i¢in kursun, beton malzemeleri ve varyasyonlar: farkli geometriler
ile denenmistir.

Anahtar Kelimeler: Demet Durdurucu, Niikleer Aktivasyon ve Zirhlama, Fluka, Geant4
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PHYSICS AND ENGINEERING ASPECTS OF HIGH POWER ELECTRON
BEAM DUMP FOR TARLA
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Department, denizhanerenler@gmail.com
2TARLA(Turkish Accelerator and Radiation Laboratory in Ankara) Facility,
avniaksoy@gmail.com

Abstract

Beam dumps are commonly used in particle accelerators, safely to absorb, stop and
neutralize the high energetic particle beams without any harm to their organic and inorganic
surroundings including the beam line itself. Thermal, nuclear and mechanical properties
of the system are important for their operability and functionality. Depending on the energy
and parameters of particles hitting the beam dump, beam will transfer heat to the system,
and may create radioactive material in beam dump. On the other hand, due to complex
structure, the components used to form beam dumps must be mechanically manufacturable,
interchangeable and redundant.

In this work, the design aspects of high power electron beam dump for the TARLA
(Turkish Accelerator and Radiation Laboratory in Ankara) Facility -under construction at
Institute of Accelerator Technologies of Ankara University- were discussed. Several beam
dump options were taken into account by focusing on nuclear interactions and radioactive
properties of the dump. Various the core materials such as aluminum, copper, carbon or
alloys were compared by using FLUKA and Geant4 simulation tools. Shielding materials
and geometries such as lead, concrete have been also taken into account.

Keywords: Beam Dump, Nuclear Activation and Shielding, Fluka, Geant4
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TARLA TESIiSI iICIN ELEKTRON DEMET DURDURUCU TASARIM
CALISMALARI
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Ozet

Ankara Universitesi Hizlandiricr Teknolojileri Enstitiisii'nde kurulmakta olan Elektron
Hizlandiricis1 ve Isinim Tesisi (TARLA), tlkemizin ilk hizlandiricilara dayali 1s1mmim
kaynagi laboratuvari olma 6zelligine sahiptir. Siiperiletken hizlandirici modiillere sahip
TARLA tesisinde elektronlar 40 MeV’e hizlandirilarak, elde edilen demet ile kizil-6tesi
(IR) bolgede 4-350 um dalga boyu araliginda Serbest Elektron lazeri (SEL) ve 0-30 MeV
enerji araliginda Bremsstrahlung radyasyonu tiretilmesi amaglanmaktadir.

Hizlandiricr tesislerinde, iiretilen ve cesitli amaglarla kullanilan parcacik veya foton
demetlerinin, giivenli bir sekilde durdurulmasi gerekmektedir. Bu amagla, demet
durdurucu olarak adlandirilan yapilar kullanilmaktadir. TARLA tesisinde tiretilecek olan
40 MeV enerjiye elektron demetinin giivenli bir sekilde durdurulabilmesi igin yapilacak
olan demet durdurucunun tasariminda, ger¢eklesecek olan niikleer etkilesimler ve termal
etkiler dnemli bir yer tutmaktadir. Bu ¢alismada, TARLA tesisinde kullanilmas1 planlanan
elektron demeti durdurucusunun tasarim ¢alismalar1 hakkinda bilgi verilmistir.

Anahtar Kelimeler: Elektron Hizlandirici, Demet Durdurucu, FLUKA
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Ozet

Nal(Tl) dedektorleri yiiksek algilama verimliligine sahiptir. Nal(Tl) dedektorii diisiik
seviyedeki radyasyon kaynaklarini bulmak ig¢in ¢ok iyidir. Bu ¢alismada nokta ve disk
kaynaklar i¢in Nal(Tl) dedektériiniin toplam gammalar ve pik verimi sonuglari
arastirilmistir. Hibrit Monte Carlo yontemiyle alinan sonuglar Geant4 tabanli Gate
Simiilasyon programi kullanilarak elde edilen veriler ile karsilagtirilmistir. Sonuglarin
birbiri ile uyumlu oldugu goriilmiistiir. Ayrica iki farkli simiilasyon tekniginin avantajlari
ve dezavantajlari birbiri ile karsilastilmistir.

Anahtar Kelimeler : Gamma, Detektor verimi, Hibrit Monte Carlo
Yontemi, Geant4, Gate simiilasyon
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DETERMINATION OF TOTAL GAMMA AND PEAK EFFICIENCY OF Nal (TI)
DETECTOR
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Abstract

Nal(TI) detectors have high detection efficiency. Nal(Tl) are good at detecting low-level
radiation sources. In this study, total gamma and peak efficiency results of Nal (TI) detector
for point and disk sources were investigated. The results obtained by the hybrid Monte
Carlo method were compared with the data obtained using the Geant4-based Gate
Simulation program. Advantages and disadvantages of two different simulation techniques
were also compared.

Keywords : Gamma, Detektor Efficiency, Hybrid Monte Carlo Simulation, Geant4, Gate
simiilasyon
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BASINCLI SU REAKTOR KABININ FAVOR KODU ILE GUVENLIK
ANALIZININ YAPILMASI
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Ozet

Reaktdr Basing Kabi bir niikleer santralde biitiinliigliniin korunmasina en fazla énem
verilen yapidir. Fracture Analysis of Vessels Oak Ridge (FAVOR) kodu ABD’de Basinglt
Su Reaktorleri (PWR) ve Kaynar Su Reaktorleri (BWR) igin ¢esitli kaza durumlarinda ve
reaktorii baglatma-durdurma durumlarinda reaktor basing kabinda termal hidrolik veriler,
malzeme 6zellikleri, kusur 6zelliklerine gore olasiliksal olarak Catlak Baglama Frekansi ve
Reaktor Basing Kabinin Islemez Hale Gelme Frekansini hesaplayan bir koddur. Analiz
reaktor basing kaplarinin kemer bolgesinde yogunlagmaktadir, bu bolge hizli nétron akisina
en fazla maruz kalan bolge oldugu i¢in malzeme gevreklesmesinin arttigr ve kirilma
saglamliginin azaldig1 bolgedir. Bu g¢alismada FAVOR kodu ile sunulan kusur
dosyalarinda farkli boyutlardaki kusurlarin yogunluk degerleri azaltilarak Catlak Baslama
Frekans1 ve Reaktdr Basing Kabi Is Gérmezlik Frekans degerleri arastirilmistir. Sonug
olarak bu degerlerin azaldig1 gézlemlenmistir.

Anahtar Kelimeler: Basin¢li Su Reaktorleri, Basing Kabi, FAVOR Kodu
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MAKING SAFETY ANALYSIS OF PWR PRESSURE VESSEL WITH
FAVOR CODE
Abstract
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2 shuleergun@gmail.com

Reactor Pressure Vessels are the most important structures in view of keeping its integrity
for nuclear power plants. Fracture Analysis of Vessels Oak Ridge (FAVOR) is a code
which is used in USA for PWRs and BWRs to make probabilistic analysis to calculate
Pressure Vessel Crack Initiation Frequency and Pressure Vessel Failure Frequency by
using thermal hydraulic data, material properties, flaw properties of pressure vessels for
some kind of accidents and start up-close down situations. The analysis is concentrated on
the belt line of the pressure vessels, this region is the most vulnerable region of the vessels
because of the fast neutron fluence, and so material embrittlement increases and fracture
toughness decreases in this region. In this study the flaw data files which were supplied
have been changed by decreasing the density of flaws which have different sizes and the
Crack Initiation Frequency and Failure Frequency of reactor vessels have been searched.
Consequently it has been seen that these frequencies have lower values.

Key Words: PWR, Pressure Vessel, FAVOR Code
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Ozet

Radon gazi; kokusuz, renksiz, tatsiz, gozle goriilemeyen, soy gazlar siifinda yer alan
dogal, radyoaktif bir gazdir. Dogal radyoaktif seri olan uranyum-238 serisinde ortaya ¢gikan
radon-222, 3,82 giin yar1 6mrii ile en dnemli radon izotopudur. Bu seride 1600 yi1l yar1 6mre
sahip 2%°Ra alfalar yayinlayarak ?2Rn’ye bozunur. Radon gazi da 5,59 MeV enerjiye sahip
alfalar yaymlayarak 28Po’e déniisiir. Uranyum kaya ve topraklarda bulunmaktadir,
dolayistyla radon gazi kaya parcalar1 ve topraktan hava ortamina gecebilmektedir. Risk
altinda olan yerler ise daha ¢ok kapali ortamlardir. Binalardaki hava basincinin genellikle
topragin hava basincindan daha diisiik olmasi nedeniyle radon gazi topraktan binada
bulunan catlaklarla kapali ortama dolar. Radon suda da ¢oziinebildiginden musluklar
acildiginda havaya yayilabilmektedir. Bu durumda insanlarin radon gazina biiytik l¢iide
soluma yolu ile maruz kaldig1 ortaya ¢ikmaktadir. Radon gazinin solunmasinin akciger
kanserine sebep oldugu bilinmektedir. Tirkiye Atom Enerjisi Kurumu (TAEK),
Radyasyon Giivenligi Yonergesi’nin 37.maddesinde radon konsantrasyonlarinin yillik
ortalama evlerde 400 Bg/m3® (10.8 pCi/L), isyerlerinde ise 1000 Bg/m® (27 pCi/L)
degerlerini asamayacagini belirtmektedir. Bu c¢alismada daha o6nce radon gaz
konsantrasyonu Ol¢iimii yapilmamis bazi binalarda dijital radon monitorii ile radon gazi
dl¢iimii yapilmasi planlanmaktadir. Olgiimlerin elde edilmesiyle binalarin ortalama radon
gazi konsantrasyonlar1 belirlenebilecek ve risk durumu degerlendirilebilecektir.
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Ozet

Bu g¢alismada gomiilii anti personel kara mayinlarinin konumlariin belirlenmesi igin
niikleer fizik temelli uygulanilabilirligi yiiksek nétron geri sagilim teknigi incelenerek
Monte Carlo metodu tabanli yeni bir simiilasyon yaklagimi gelistirilmis ve simiilasyonda
14 MeV enerjisine sahip notronlar radyasyon kaynagi olarak kullanilmistir. Calisma; farkl
patlayicilar, farkli toprak tipleri ve farkli gomiilme derinlikleri i¢eren genis kapsamli
senaryolar dikkate alinarak yiritilmistiir. Calisma sonuglar1 dogrultusunda, ilgilenilen
konu ¢ercevesinde, yeni bir teknoloji olan silikon foto ¢ogalticilar kullanilmak tizere ilgili
veri toplama sistemleri ve yazilimlarini da igeren yeni bir elektronik set Onerisinde
bulunulmustur. Gelistirilen simiilasyon yazilimimin kaynak kodu metin i¢ine eklenmistir.
Bulunan sonuglar dikkatlice tartisiimistir.

Anahtar Kelimeler:Anti Personel Mayinlari, Notron Geri Sagilimi, Karakteristik Gama
lsini, Radyasyon Simiilasyonu
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NUKLEER ENERJi VE CEVRESEL ETKILERINE YONELIK TUTUM OLCEGI
GELISTIRME: GECERLIK VE GUVENIRLIK CALISMASI

Ali GUNEY | Bastiirk KAYA?,

!Konya Bilim Merkezi, a.guney23@hotmail.com
2N. Erbakan University,, basturkbhk@gmail.com

Bu calismada niikleer enerjinin ¢evresel etkileri {izerine bir tutum 6lgegi gelistirilmistir.
Universite 6grencilerinin niikleer enerji ve cevresel etkilerine yonelik goriisleri
belirlenmeye c¢aligilmistir.

Gelistirilen dlgek 5°1i likert tipi bir tutum lgegidir. Olgek gelistirilme safhasi sonrasinda
Olcek iizerinde faktor analizi yapilmistir ve 6lgek maddeleri ve boyutlart ile ilgili olarak
uyum modeli calismast yapilmistir. Olgek, 37 maddelik taslak o6lgek olarak
olusturulmustur ve 366 d6grenciye uygulanmistir. Ayrica 6grencilerin cesitli degiskenler
acisindan birbiri ile iligkisi incelenmistir.

Niikleer enerji ve cevresel etkilerine yonelik tutum olgegi gegerlik ve giivenirlik
calismalar1 kapsaminda, genel giivenirlik i¢in analiz 6ncesi Cronbach Alpha giivenirlik
katsayis1 0,534 olarak hesaplanmistir. Bu deger kiiciik oldugundan dlgekten bir madde
cikarilmis (6.madde) tekrar Cronbach Alpha giivenilirlik katsayisi hesaplanmistir.
Analiz sonrasinda ise 0,600 olarak hesaplanmigtir. Sonuglar %95 giiven diizeyinde
degerlendirilmistir.

Anahtar Kelimeler: Cevre Egitimi, Niikleer Enerji, Cevresel Etki, Olgek Gelistirme.
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DEVELOPMENT OF ATTITUDE SCALE FOR NUCLEAR ENERGY AND
ENVIRONMENTAL IMPACTS: STABILITY AND RELIABILITY STUDY
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Abstract

This study, an attitude scale on the environmental effects of nuclear energy was developed.
University students have been tried to determine their views on nuclear energy and
environmental effects.

The developed scale is a 5 point likert type attitude scale. Factor analysis was performed
on the scale after the development phase of the scale and an adaptation model study was
carried out on the scale items and dimensions. The scale was formed as a 37-item draft
scale and 366 students were applied. In addition, students' relations with each other in terms
of various variables have been examined.

Within the scope of attitude scale reliability and reliability studies for nuclear energy and
environmental effects, Cronbach Alpha reliability coefficient before analysis for general
reliability was calculated as 0.534. When this value is small, a substance is removed from
the scale (item 6) and the Cronbach Alpha reliability coefficient is calculated again. After
analysis, it is calculated as 0,600. The results were evaluated at 95% confidence level.

Key Words: Environmental Education, Nuclear Energy, Environmental Impact, Scale
Development
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Ozet

COBRA-TF, ‘En lyi Tahmin’ kodlarindan biri olup, Hafif Sulu Reaktérler igin alt kanal
analizi yapabilen 1s1l hidrolik simiilasyon kodudur. ZEBRA bilgisayar kodu ise, kapali
kanal analizi yapan ve agirlikli olarak egitim amagli kullanilan 1s1l hidrolik bir koddur. Bu
calismada, VVER-1000 ve VVER-1200 Rus tipi reaktorlerinin en sicak kanallari, ZEBRA
ve COBRA-TF 1s1l hidrolik kodlar1 kullanilarak tek kanal olarak modellenmis ve hem iki
kodun hesaplama sonuglart hem de iki farkli tip reaktdriin sicak kanallarinin igletme
kosullar1 karsilagtinnlmigtir. Yakat zarfi dis sicakligi, yakit zarfi i¢ sicakligi, yakit merkez
sicakligl, basing dislisii, buhar kurulugu, kritik 1s1 akist karsilastirilan ana isletme
parametrelerdir. Bunun yaninda {liggen dizilimli niikleer yakit demetlerinde kritik 1s1 akisi
hesaplamak i¢in kullanilan basvuru ¢izelgesi ile ZEBRA ve COBRA-TF kodlarindan ¢ikan
sonuglar da karsilastirilmig, basvuru ¢izelgesine gerektiginde uygulanan diizeltme
faktorlerinden bu problem icin gerekli olanlar1 hesaplamalara dahil edilmistir.
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NUCLEAR REACTORS BY USING COBRA-TF AND ZEBRA THERMAL
HYDRAULIC CODES

AKTAS OZULUS Ozlem ***, ARIMAN Nihan?, ISCEN Fazile®, KOSE Ugur*, SENGUN
Bugra®, ERGUN Sule®

YHacettepe Universitesi Niikleer Enerji Miihendisligi Boliimii, aktas.ozlemm@gmail.com
2TTSO Niikleer A.S. Hacettepe Teknokent 4. Ar-Ge Binasi 95/3 Cankaya/Ankara
nihanariman@gmail.com
$Vestel Savunma A.S. 1.0SB Oguz Cad. No:7-B 06935 Sincan/Ankara,
elfzlscn@gmail.com
* Hacettepe Universitesi Niikleer Enerji Miihendisligi Boliimii, ugrkosel 1 @gmail.com
>TTSO Niikleer A.S. Hacettepe Teknokent 4. Ar-Ge Binasi 95/3 Cankaya/Ankara,
bugra.sengun@yahoo.co.uk
® Hacettepe Universitesi Niikleer Enerji Miihendisligi Béliimii,
sulergun@hacettepe.edu.tr

Abstract

The Coolant Boiling in Rod Arrays-Two Fluid (COBRA-TF) code is known as a best
estimate code, used to perform thermal-hydraulic analyses for a light water reactor vessel.
On the other hand, ZEBRA computer code is used to perform closed channel analysis and
used basically with the educational purposes. In this study, the hottest channels of VVER-
1000 and VVER-1200, Russian types nuclear reactors are modelled as one single channel
by using COBRA-TF and ZEBRA thermal hydraulic codes. Both outputs of these two
codes and operating conditions of hot channels of two different type of reactors are
compared. Clad outside temperatures, clad inside temperatures, fuel centerline
temperatures, pressure drops, qualities and critical heat fluxes are main operating
parameters that are compared. Besides, look-up table that is used to calculate critical heat
flux for triangular nuclear fuel assembly pitch and outputs of COBRA-TF and ZEBRA
codes are also compared. Some of the correction factors which are used on the look-up
table results, if/when necessary are included in calculations as well.
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Ozet

Diinyada artan niifus ve gelisen teknoloji ile beraber olusan ¢evre kirliligi, bilingsiz sulama
ve kiiresel 1sinmadan dolay1 temiz su kaynaklar1 giderek azalmaktadir. Bu sebepten termal
¢evrim ile ¢alisan enerji santrallerinden elektrik ile beraber tuzlu su aritma (Desalination)
yoluyla tatli su iireten tesislerin kurulmasi i¢in ¢alismalar yapilmaya baslanmistir. Niikleer
santrallerde uygulanabilen tuzlu su aritma (nuclear Desalination) tesisleri ile iilkelerin hem
elektrik ihtiyacin1 hem de temiz su ihtiyacin1 karsilamak miimkiin hale gelmektedir.

Bu calismada tilkemizde Mersin Akkuyu bolgesinde kurulacak VVER 1200 niikleer
reaktorleri ile beraber yapilabilecek tuzlu su aritma tesisleri i¢in ekonomik degerlendirilme
analizleri gergeklestirilmistir. Bu analiz i¢in Uluslararast Atom Enerjisi Ajanst (UAEA)
tarafindan gelistirilmis olan Desalination Economic Evaluation Program (DEEP)
kullanilmistir. DEEP programi niikleer reaktorler ile beraber komiir, petrol ve dogalgaz ile
calisan termik santraller icin gesitli tuzlu su aritma teknolojileri ile birlikte ekonomik
degerlendirme analizlerini yapabilmektedir. Calismada, DEEP programina UAEA’dan
alman VVER 1200 reaktoriiniin teknik verileri ve cografi veriler girilerek cesitli tuzlu
aritma teknolojileri ile uygun iiretim sistemlerini karsilastirilmistir. Daha sonra cesitli
iiretim miktarlar1 i¢in optimum ekonomik degerlendirme analizleri gergeklestirilmistir.
Ekonomik degerlendirme analizleri sonucu Mersin Akkuyu'da kurulacak olan VVER 1200
reaktorii i¢in g¢esitli tuzlu su aritma teknolojilerini kiyaslanarak ideal teknoloji ve ideal
tretim oranlar1 incelenmistir. Bu degerler ile iilkemizdeki su ve elektrik ihtiyacini ve
fiyatlarini1 baz alarak tuzlu su aritma tesisinin lilkemiz i¢in uygunlugu incelenmistir.

Anahtar Kelimeler: Akkuyu Niikleer Gii¢ Santrali, Tuzlu Su Aritma, DEEP
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ECONOMICAL INVESTIGATION OF NUCLEAR DESALINATION IN
AKKUYU NUCLEAR POWER PLANT
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'Hacettepe University Nuclear Energy Engineering, furkanorhan1993@gmail.com
Abstract

Increasing population and developing technology cause environmental pollution and with
wrong agricultural irrigation and global warming threatening fresh water resources.
Because of this, fresh water production by using desalination facilities getting popular.
Thermal cycle electricity facilities such as nuclear, coal, oil and gas plants can produce
fresh water with electricity by using desalination. Currently, working on this type of
facilities is getting important. Nuclear desalination systems can provide cheap and
sustainable energy with fresh water to countries.

In this work economical investigation was performed for nuclear desalination facilities that
work with VVER 1200 nuclear reactor, which is the first Turkey nuclear power plant now
under construction in Mersin Akkuyu. To achieve this working, Desalination Economic
Evaluation Program (DEEP) which developed by International Atomic Energy Agency
(IAEA) was used. DEEP software makes economic analysis of desalination systems with
working thermal cycle electricity plants such as nuclear, coal, oil and gas plants. VVER
1200 data were obtained from IAEA data base and environmental data for Mersin Akkuyu
was used for analysis. Then analysis for variable desalination technologies with variable
production rates to evaluate ideal results were performed.

Results of economic analysis of Mersin Akkuyu nuclear desalination plant working with
VVER 1200 reactor, ideal desalination technology and production rate were investigated.
With these results electricity demand and price with fresh water demand and price in
Turkey to understand desalination plant is suitable for Turkey were determined.

Key Words: Akkuyu Nuclear Power Plant, desalination, DEEP
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Abstract

Scintillation detector is one of the most often used particle detection device in radiation
detection and measurement. It is basically composed of a scintillator and a photomultiplier
tube (PMT). Most important parameter which affects the energy spectrum is its decay time.
In the present work, two different types of plastic scintillators which have different decay
times were used. Gamma energy spectra of 13’Cs radioactive source were achieved using
the spectrometers consisted of different types of plastic scintillation detectors. The effect
of the scintillator type to the energy spectrum was investigated. To reveal this effect, the
spectra which were obtained with various plastic scintillators were compared with each
other. It was concluded that the scintillator type is efficient on determining the optimum
energy spectrum.

Key words: Energy spectrum, Plastic scintillator, Decay time.
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GORUNTU KILAVUZLUGU ESLiGINDE BAS BOYUN KANSERI
RADYOTERAPjSiNDE IgRiTiK ORGANLARIN HACIMLERINDEKI
DEGISIKLIGIN KUMULATIF DOZA ETKISi
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Bu calismanin amaci; tedavi siiresi boyunca kritik yapilarin hacimlerindeki degisikligi
degerlendirmek ve II/III seviye CTV-PTV i¢in 0-mm marj planinda GPU tabanli deforme
olmus goriintli kaydinin kullanilmasi ile bu hacim degisiminin kiimiilatif doza etkisini
belirlemektir. Tomoterapi cihazinda simiiltane integre boost teknigi kullanilarak tedavi
edilen 10 bas boyun kanseri hastasi goz oniine alinmistir (Accuracy Inc., CA). Tedavi
stireleri boyunca her bir hastanin planlama BT ve giinliik kVCT goriintiileri kaydedilmistir.
Hastalar standart marj planina (CTV1-3 3 mm marj verilerek olusturulan plan) gore tedavi
edilmistir. Bu plan, CTV2-3 voliimlerine 0-mm marj verilerek olusturulan plan ile
karsilastirilmistir. Bu arada 3 mm set-up marji PTV1 i¢in korunmustur.

Bas boyun kanseri hastalarda kilo kaybi ile kritik organlarin hacimlerindeki azalma
arasinda bir korelasyon tespit edilmistir. Sag parotis bezinde ortalama hacim azalmasi
%11.7 (maksimum azalma %29.3 minimum azalma %1.3), sol parotis bezinde ortalama
hacim azalmasit %13.5 (maksimum azalma %25.9 minimum azalma %5.7) olarak
hesaplanmistir. Standart marj planinda verilen kiimiilatif doz 0-mm marj planinda verilen
kiimiilatif dozdan medulla spinalis i¢in %10, sol parotis i¢in %8 ve sag parotis i¢in %19
daha fazladir. Goriinti kilavuzlugu esliginde radyoterapi (IGRT) set-up hatalariin
diizeltilmesi ve kii¢ilik set-up marjinin kullanilmasi agisindan etkili bir yontemdir. Ayrica
GPU tabanli 3D — goriintii ¢cergevesi kritik organlarin ve hedef voliimlerin aldig1 kiimtlatif
dozu belirlemede 6nemli bir aractir. Bu calismada, bas ve boyun vakalari i¢in II ve 11
seviye hedef hacimlere 0-mm marj verilerek olusturulan tedavi planlamasinda ve haftalik
kCVT kilavuzlugunda, hedef voliimler i¢in kabul edilebilir kiimiilatif dozun tamamlandig:
sonucuna ulagilmistir. Diger taraftan; 0-mm marj kullanildiginda hacim degisikligi, kritik
yapilarin kiimiilatif dozunu etkilememistir.
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VOLUME CHANGE IN ORGAN AT RISKS AND ITS EFFECT ON
CUMULATIVE DOSE FOR HEAD AND NECK IMAGE GUIDED
RADIOTHERAPY - DEFORMABLE IMAGE REGISTRATION
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Abstract

The purpose of this study is to evaluate the volume change of critical structures and its
effect on cumulative dose by employing tighter CTV-to-PTV margins for target level 11/111
though a GPU-based (Geometric Processing Unit) deformable image registration. Ten
H&N cases treated with simultaneous integrated boost (SIB) on a tomotherapy were
retrospectively analyzed. (Accuracy Inc., CA). Each patients had one planning CT and
daily KVCT images during the radiation treatment course. The standard — margin plan was
generated by giving 3-mm margin to CTV1-3 and compared with the 0-mm margin plan
for CTV2-3. However, 3 mm margin of PTV1 was saved to provide tumor coverage.

The volume of right parotid gland was decreased significantly for patients who lost more
weight during the treatment course. The mean volume reduction were 11.7 % with the
range of 29.3- 1.3 % and 13.5 % with the range of 25.9- 5.7 % in right and left parotid
gland respectively. The difference in the delivered dose regarding standard margin plan
and 0- mm margin plan was = 10 % for the cord, =~ 8 % and = 19 % for the left and right
parotid gland respectively.

IGRT is one of the most effective tools to correct set-up error and allow the planner to
reduce margin. In addition, GPU- based 3D image framework was crucial for dose
accumulation and evaluation of critical structures and targets. In this study, it was proved
that acceptable cumulative dose for region of interest is consummated when connected with
weekly KCVT guidance by using tighter CTV-to-PTV margins for level Il and 11l targets
for head and neck cases. On the other hand, change in volume did not affect the cumulative
dose of critical structures when tighter CTV-to-PTV margin was employed.

Keywords: Deformable Image Registration, Head and Neck, IGRT, Tomotherapy
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ONKOLOJIK GORUNTULEMEDE GATE YAZILIMI YOLUYLA SPECT/BT
SIMULASYONLARININ DINAMIK KAYNAKLAR UZERINE UYGULANMASI
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Ozet

Bilgisayarli Tomografi, X 1sm1 kullanilarak viicudun incelemeye alinan bolgesinin
kesitsel goriintiisiine ulasmamiz1 saglayan radyolojik teshis yontemidir. SPECT ise;
radyoaktif maddelerle tiroid hastaliklari, kemikleri tutan kanserler, tiimdrler,
enflamatuar hastaliklar gibi durumlarda tedavi amaciyla alinan sintigrafilerinin {ist
diizeyli 3 boyutlu goriintiileme yontemidir. SPECT ve BT nin tek bir sistemde olmasi
anormal metabolik aktivitenin uzaysal ve patolojik ilintisini verir. Bdylece goriintiilerin
en etkin derecede birlikte kaydedilmesi ve tek bir incelemeyle her iki sistemden
goriintiilerin elde edilmesi saglanir.

Bu c¢alismada, Avrupa Niikleer Arastirmalar Merkezi (CERN) tarafindan gelistirilen
GEANT4 benzetim yazilimi kapsaminda olusturulmus GATE (PET&SPECT benzetim
kiitiiphanesi) kullanilarak gercege yakin igerikli silindirik voxel fantomlar igin
SPECT/BT benzetimleri gergeklestirilmistir. Sanal ortamda olusturulan kurulumlarda
aktivite farkliligi, oteleme ve dokularin perdeleme etkileri arastirilmis; ROOT
yazilimiyla analizler yapilarak sinogramlar ve doz egrileri elde edilmistir. Elde edilen
veriler, istatistiksel olarak incelendiginde, bu tiir etkilerin SPECT/CT goriintiilemede
hangi degerlerde anlamli farkliliklar yaratacagi ve sonuglar ortaya konulmustur.

Anahtar Kelimeler: SPECT / CT, voxel, GEANT4, GATE, ROOT
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Abstract

Computerized tomography is a method of radiological diagnosis that allows us to arrive at
a cross-sectional view of a region of the body under examination using X-rays. SPECT is;
is a high-level 3D imaging of scintigraphy taken for the treatment of conditions such as
radioactive materials, thyroid diseases, cancers, tumors, inflammatory diseases. The fact
that SPECT and CT are in one system gives spatial and pathological correlation of
abnormal metabolic activity. This ensures that images are recorded together at the most
efficient level and images are obtained from both systems with a single review.

In this study, SPECT / CT simulations were performed for cylindrical voxel phantoms with
near-real content using the GATE (PET & SPECT simulator library) created by the
GEANT4 simulation software developed by the European Center for Nuclear Research
(CERN). In the installations created in the virtual environment, activity differences,
displacement and curtain effects of the tissues were investigated; Analyzes were made with
the ROOT software to obtain sinograms and dose curves. When the obtained data were
analyzed statistically, the results of these types of SPECT / CT imaging were found to be
significant differences and the results were revealed.

Key words: SPECT / CT, Voxel, GEANT4, GATE, ROOT
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MAMOGRAFI CEKiMiI YAPILAN HASTALARDA CRANIO CAUDAL CEKIM
PROTOKOLUNE GORE KONVANSIYONEL VE DiJITAL MAMOGRAFIDE
YUZEY DOZUNUN KARSILASTIRILMASI VE ISTATISTIKSEL MARS
MODELININ OLUSTURULMASI
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Ozet

Dijital mamografi cihazinda 230 ve konvansiyonel mamografi cihazinda 180 hastada
meme st ve i¢ yiizeyinden ¢ekim alinmistir. Konvansiyonel mamografide 50 hastadaki
cekimde bunlara ilaveten meme dis ve alt yiizeyinden ¢ekimleri eklenerek dort farkli
noktadan Olgiim alinmistir. Bunun ig¢in TLD-100 dozimetre kullanilarak dozimetrik
yontemle Olcliimler yapilmistir. Toplam 460 hastada elde edilen sonuglar
karsilastirildiginda dijital mamografi ile yapilan ¢ekimlerde konvansiyonel mamografiye
gére meme list ve i¢ yiizeyinden alinan dozlarin bu calismada daha fazla oldugu
belirlenmigtir. Calismada ayn1 zamanda meme ultrasonu sirasinda tespit edilen meme
dansitesi degerleri, hastanin meme 6l¢iileri, 6l¢tim sirasinda kullanilan kVp, mAs degerleri
de calismaya eklenmistir. Bu ¢alismada elde edilen tiim veriler kullanilarak istatistiksel
Mars modeli olusturulmaya ¢alisilmistir.

Anahtar Kelimeler: Konvansiyonel Mamografi, Dijital Mamografi, yiizey dozu, TLD- 100 dozimetre
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Abstract

Digital mammaography equipment in the 230 and 180 conventional mammography
equipment were shooting from the upper breast and the inner surface of the patient.
Conventional mammography shooting in 50 patients were measured from four different
points outside the breast and bottom surfaces in addition to them. This method for TLD
100 dosimetric measurements were made using a dosimeter. A total of 460 patients
compared the results obtained by conventional mammography, digital mammography in
shooting with the dose received from the upper breast and the inner surface was determined
to be higher in this study. As well as breast density values detected during breast ultrasound
study of the patient's breast size, used during the measurement kVVp and mAs values are
also included in the study. This study attempted to establish Mars statistical model using
all data obtained.

Keywords: Conventional mammography, digital mammography, surface dose, 100 TLD-
dosimetry
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Ozet

Bu calismada; Manyetik Rezonans Goriintiileme (MRG) cihazinin performansinin,
goriintli kalitesinin, hasta giivenliginin saglanmasi amaclanmistir. Ayrica Amerikan
Radyoloji Koleji (ACR) klavuzunda belirtilen medikal fizik¢i tarafindan yapilan kalite
kontrol ve performans testleri ile karsilastirilmistir. Kalite kontrol ve performans testleri,
12 Nisan 2016 tarihinde Philips tibbi cihaz firmasinin yetkili servis miithendisi ile birlikte
yapilmigtir. OMU Tip Fakiiltesi Radyoloji Klinigi’nde bulunan 1,5 Tesla Philips
Achieva/Intera MRG cihazi ve bu cihaza uyumlu fantomlar ile viicut ve bas koiller
kullanilmistir. Yapilan kalite kontrol ve performans testleri sonucu fantom goriintiileri elde
edilmis ve bu fantom gorlintiileri degerlendirilerek, ilgili MRG cihazinda herhangi bir
problem ve goriintii artefaktlar1 gézlenmemistir.
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Abstract

In this study; The aim of the Magnetic Resonance Imaging (MRG) device is to provide the
performance, image quality and patient safety. It was also compared with the quality
control and performance tests conducted by the medical physicist in the American College
of Radiology (ACR) guide. Quality control and performance tests were conducted with an
authorized service engineer of the Philips medical device company on April 12, 2016. 1.5
Tesla Philips Achieva/lntera MRI device and the phantoms compatible with this device
and head coils were used at the Radiology Clinic of the OMU Faculty of Medicine. The
resultant quality control and performance tests result in phantom images, and by evaluating
These phantom images, no problem and image artefacts were observed in the MRI device
concerned.

Keywords: Magnetic Resonance Imaging, Quality Control
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Ozet

Meme kanseri, kadinlarda en sik goriilen kanser tiiriidiir. Diinya da kansere yakalanan her
dort kadindan biri meme kanseridir. Meme kanseri radyoterapisinde cildin yeterli dozu
almasi1 6nemlidir. Cildin ¢esitli derinliklerinde dozun ayrintil1 bilgisi, yeni tedavi teknikleri
belirlemek icin kritik 6neme sahiptir. Cilt dozunda istenen homojenitenin saglanamamasi
durumunda hastaligin niiks etme ihtimali artmaktadir. Bu yiizden, homojen doz dagilim1
memenin diger bolgelerinde oldugu gibi yiizeyinde de saglanmalidir.

Bu c¢alismanin amaci, helikal tomoterapi ile tedavi edilen meme kanseri hastalarinda
solunum hareketinin ve bolus kullanimiin cilt dozu tizerindeki etkilerini arastirmaktir.
Bunun i¢in, Alderson RANDO fantomun memesinde sekiz ayr1 noktada yiizeye ve ayni
noktalarm yaklasik 5 mm derinlikteki izdiisiimlerine TLD’ler yerlestirilmistir. Olgiimler
icin farkli frekans ve genlik degerlerine ayarlanarak solunum hareketini simule edebilen
bir mekanizma kullanilmistir. Olgiimler statik ve dinamik (frekans=0,3 Hz, genlik=5mm)
olarak yapilmistir. Her 6l¢tim bolussuz ve boluslu olarak tekrarlanmistir. Solunum hareketi
ve bolus kullaninmiyla yiizeyde ve 5 mm derinlikteki ortalama doz degerleri TLD’ler ile
dl¢iilmiistiir. Olgiilen TLD dozlar1 ile TPS’nin hesapladig1 dozlar karsilastirilarak cilt
dozundaki degisim incelenmistir. Elde edilen veriler SPSS 20.0 istatistiksel analiz
programi kullanilarak degerlendirilmistir. Olgiim sonuglarina gore, solunum hareketinin
cilt dozu tizerinde kayda deger bir etkisinin bulunmadigi ve bolus kullanimina gerek
olmadig1 sonucuna varilmistir. Ayrica, TPS ile TLD 6l¢iim sonuglar karsilastirildiginda
TPS’nin cilt dozunu daha fazla tahmin ettigi goriilmiis ancak klinik olarak kabul edilebilir
olarak yorumlanmistir. Sonuglar literatiir ile uyumludur.
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Abstract

Breast cancer is the most common type of cancer in women. One out of every four women
suffer from breast cancer in the world. It is important for receiving adequate skin dose in
breast cancer radiotherapy. The detailed information of dose in various depths of skin has
a critical importance to determine new treatment technic. If the skin dose homogenity is
not achieved, it is increased the risk of recurrence of disease. Therefore, the homogeneity
of dose distribution should be provided on the surface as it is in other parts of the breast.
The aim of this study is to investigate the effect of respiratory movement and using the
bolus on skin dose in breast cancer patients treated with helical tomotherapy. TLDs were
placed on both the surface of the Alderson RANDO phantom's breast in eight points and
on the projections of each points which is about 5 mm deep. It was used a mechanism
which can be adjusted to the different frequency and amplitude values is to simulate for
measurements. The measurements were performed statically and dynamically
(frequency=0,3 Hz, amplitude=5mm). Each measurement was repeated with and without
bolus. The mean dose values were measured by using TLDs and bolus during respiratory
at the surface and at 5 mm depth. The measured TLDs and calculated doses of TPS was
compared investigated the change of skin dose. The data were evaluated using the SPSS
20.0 statistical analysis program. According to the results, it is concluded that the
respiratory movement is not a significant effect on the skin dose and it is not necessary to
use the bolus. Besides, when TPS and TLD results were compared with each other, it is
seen that, the estimation of skin dose of, TPS calculations was higher than TLDs
measurements. it is acceptable clinically. The results are in good agreement with literature
values.

Key Words: Breast Cancer, Radiotheraphy, Skin Dose, Respiratory Motion,
Thermoluminescence Dosimeter (TLD)
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Purpose: In this study, we try to figure out the organ dose of CBCT for head&neck and
pelvis’s critical organs with three different CBCT protocols. We also compare the image
quality of these protocols and try to find optimum one for dose and image quality.

Materials and Methods: In this study, organ doses were measured for three different
megavoltage CBCT protocols on the Siemens Artiste linear accelerator treatment machine.
Organ doses were measured by distributing thermoluminescent dosimeters (TLDs)
throughout critical organs of an anthropomorphic (RANDO) phantom. The selected organs
are rectum, bladder, femoral heads and small intestine for pelvis imaging and spinal cord,
brainstem, tiroid and parotid glands for head and neck imaging. The TLDs placed RANDO
phantom was irradiated by using three different imaging protocol and the doses were
compared. We have also performed image quality tests for each protocol.

Results: We have seen that 15 MU protocol has no difference with 8 MU protocols in the
means of image quality and the dose of critical organs are much higher than the others as
expected. When we compare 8 MU and 8 MU half ring protocols in the means of organ
doses, we have seen that the doses of organs changes according to the geometrical
placements of organs. Accordingly, while the doses of organs, such as rectum, spinal cord
and brainstem, nearby the posterior decreases with the use of 8 MU half protocol, the
doses of organs located anterior, such as intestine, thyroid and bladder, increases. It is
observed that both the contrast resolution and the spatial resolution of the 8 MU half
protocol is better than the 8 MU protocol.

Conclusion: After obtain all this information about MV CBCT protocols, we figure out

that the choice of CBCT protocol should be done after treatment planning by considering
of the doses and location of the critical organs.

Key words: CBCT, IGRT
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OZET

Meme kanserli kadinlarda mastektomi sonras1 meme onarimi orani giderek artmaktadir. Meme
onariminda mastektomi sirasinda alinan meme dokusu yerine silikon implantlar veya gegici doku
genisleticiler (TTE) yerlestirilmektedir. Serum fizyolojik ile doldurulan ve igerisinde metalik
yapilar bulunduran TTE’larin radyoterapi esnasinda doz dagilimini nasil etkiledigi net degildir. Bu
nedenle ¢alismamizda optimum RT planlamasi yapilabilmesi icin Mentor marka TTE icerisindeki
metalik portun doz dagilimina etkisi incelenmistir. Ol¢iimlerde MOSFET, NanoDot OSLD ve
EBT3 film dozimetrik yontemleri kullanilmistir. TTE’1n igerisinden gikarilan ve samaryum kobalt
magnet ve paslanmaz ¢elikten olugsan metalik port ile yapilan 6nden tek alan 1ginlamasi sonucunda,
metalik portun alt kisminda dozda azalma oran1 maksimum NanoDot OSLD ile %29.65 olarak
bulunmustur. Metalik portun iizerindeki doz artig orani ise maksimum NanoDot OSLD ile %6.25
olarak bulunmustur. TTE ve silikon implant kullanilarak rando fantom iizerinde 6 MV foton enerjisi
ile yapilan ol¢iimlerden elde edilen sonucglarda ise; 3BKRT ve YART tedavi teknikleri i¢in tiim
dozimetrik yontemlerden ve planlamadan alinan verilerde metalik portun iizerinde, sag ve sol
yaninda genel olarak %5’ten az doz artis1 gozlemlenmistir. Metalik portun altinda iki tedavi teknigi
icin de doz degisimlerindeki oranlar %4’iin altinda bulunmustur. 9 MeV ve 12 MeV elektron boost
Olciimlerinde her bir dozimetre yontemi ve planlamadan alinan veriler degerlendirildiginde;
metalik portun {izerinde, sag ve sol yaninda 9 MeV’de %12.63, 12 MeV’de %10.66’ya varan doz
artiglar1 gorilmiistiir. Genel olarak, metalik portun neden oldugu sagilmalardan dolay1 metalik port
iizerinde doz artiglart meydana gelirken metalik port altinda ise dozda azalma meydana
gelmektedir. Fakat uluslararasi dozimetrik protokollerin dngordiigii dozdaki degisim miktarina
gore (£%5), 6 MV foton enerjisinde 3BKRT ve YART tekniginde g¢alismamiz sonucunda
gozlemlenen dozdaki degisikligin metalik portun TPS’e tamitilmasi sartiyla tiimor tedavisini
etkileyecek biiyiikliikte olmadig1 sonucuna varilmistir. 9 MeV ve 12 MeV insizyon skar1 elektron
boost tedavilerinde ise metalik portun TPS’e tanitilmus olsa bile cilt dozunu 6nemli dlglide artirdigi
sonucuna varilmistir.
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ABSTRACT
Rate of breast reconstruction after mastectomy is increasing in women with breast cancer. At the
breast reconstruction, silicone implants or temporary tissue expanders (TTES) are placed instead of
breast tissue taken during mastectomy. It is unclear how TTEs which contain metallic structures
and filled with saline, affect dose distribution during RT. For this reason, so that optimum RT
planning can be performed, effect of metallic port in the Mentor TTE of dose distribution has been
examined in our study.
MOSFET, NanoDot OSLD and EBT3 film dosimetric methods were used in the measurements. As
a result of single frontal irradiation with metallic port made of samarium cobalt magnet and
stainless steel, removed from the TTE, the maximum dose reduction rate at the bottom of the
metallic port is 29.65% with NanoDot OSLD. The maximum dose increase rate over the metallic
port is 6.25% with NanoDot OSLD. At the results obtained with measurements of 6 MV photon
energy on rando phantom using TTE and silicone implant; for 3DCRT and IMRT treatment
techniques, dose increase of less than 5% was observed on the over, right and left side of the
metallic port with the all dosimeter method and the planning data. Under the metallic port, the rate
of dose changes determined below 4% for these two treathment techniques. When used 9 MeV and
12 MeV electron energy each dosimeter method and the data obtained from the treatment plans are
evaluated in measurements dose increments of 12.63% with 9 MeV electrons and 10.66% with 12
MeV electrons were observed on the over, right and left side of the metallic port.
When examined the measurements, due to scattering caused by metallic port while there were dose
increasing over the metallic port, there were dose decreasing under the metallic port. But according
to the changes in dose at the doses prescribed by international dosimetric protocols (+%5) at our
study the change in dose observed with 3DCRT and IMRT techniques at 6 MV photon energy
appears to be not large enough to affect tumor treatment provided that the metallic port is introduced
into TPS. At the 9 MeV and 12 MeV incision scar electron boost treatments, the metallic port
significantly increased the skin dose even though it was introduced to TPS.
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Ozet

Gortintii kalitesinin fiziksel degerlendirmesinde kullanilan effective Detective Quantum
Efficiency (eDQE) parametresinin klinikte anlamli hale gelebilmesi ig¢in bu
degerlendirmelerin gorsel degerlendirmelerle kontrast, ayirma giicii gibi parametrelerle
paralel degerlendirilmesi gerekmektedir. Bu amagla CDRAD fantomu kullanilmis ve
kontrast-detay egrilerinden elde edilen bulgularla eDQE korelasyonu incelenmistir. ki
nicelik arasindaki korelasyon C>0.97 olarak elde edilmistir. Bunun yani sira sayisal
radyografi sistemlerinde kullanilmak iizere gelistirilmesi planlanan ¢ok amaglh goriintii
kalitesi fantomu icin 6n simiilasyon c¢alismalari C programlama dilinde yapilmistir. Bu
kapsamda fantom ana malzemesi olarak secilen yiiksek yogunluklu polietilen i¢in lineer
azalim katsayisi, fantomun gecirim katsayis1 ve kontrast degerlendirmeleri i¢in fantom
lizerine yerlestirilecek sogurucu malzemenin sekil ve boyutlar1 simiilasyon ¢aligmalart ile
belirlenmigtir. Simiilasyon c¢alismalarinda elde edilen lineer azalim katsayilar1 NIST
(National Institute of Standards and Technology) verileri ile uyum igerisindedir.
Simiilasyonda elde edilen gecirim katsayilar1 radyolojik ¢alismalarda kullanilan
polimetilmetakrilat (PMMA) fantomlarindan elde edilen sonuglara olduk¢a yakin sonuglar
vermistir.
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Ozet

Bu calismada sayisal radyografi sistemlerinde goriintii kalitesinin degerlendirilerek
radyasyon dozu-goriintii kalitesi optimizasyonunun saglanmasi igin farkli sayisal
dedektorlerde karsilagtirilmasi amaclanmistir. Bu amacla sistemin diisiik kontrast-ayrinti
dedekte edebilirligi arastirilmistir. Farkli sayisal goriintiileme sistemlerinde CDRAD
fantomunun goriintiileri alinmistir. Gorlintiiler elde edilirken farkli hasta kalinliklarini
simiile etmek amaci ile 5, 10, 15 ve 20 cm kalinliginda sagict PMMA bloklar1 fantomun
alt ve iist kisimlarina simetrik olarak yerlestirilmistir. Ayni1 zamanda farkl: tiip voltajlari ve
doz seviyeleri iginde goriintiiler elde edimistir. Elde edilen goriintiilerin manual olarak ve
CDRAD Analyzer programi kullanilarak kontrast-ayrinti1 egrileri elde edilerek, IQFiny
degerleri hesaplanmis ve karsilastirilmistir.
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DiJITAL MAMOGRAFIDE VE DiJITAL MEME TOMOSENTEZINDE MEME
DOZLARININ MONITOR INCELEMESI
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Ozet

Kadin memesindeki glandiiler doku radyasyona hassas bir dokudur. Bu nedenle, iki
boyutlu mamografi veya ii¢c boyutlu tomosentez, radyografik temelli goriintiileme
sistemleri ile sogrulan dozlar radyasyon kaynakli kotli ur olusumu agisindan risk yaratir.
Ortalama glandiiler doz dogrudan o6lgiilemediginden, meme girisindeki hava kermanin
Monte Carlo simiilasyonu ile elde edilmis doniisiim faktorleri ile carpilmasi ile elde edilir.
Bu calismada hastane ortaminda tek bir cihazdan, monitdrden okunarak alinan dijital
mamografi ve dijital tomosentez dozlar1 farkli ¢ekim uygulamalari ve farkli hastalar
tizerinden incelenmistir.
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Abstract

Glandular tissue in the women breast is a radiosensitive tissue. For this reason, both of the
radiological based breast imaging tecqniques, two dimensional mammography or three
dimensional tomosynthesis, are the source of the risk of radiation-induced carcinogenesis.
Since avarage glandular dose cannot be measurable directy, it is evaluation done by
multiplication of incident air kerma and factors which obtained by Monte Carlo simulation.
In this study, doses from both digital mammography and digital breast tomosynthesis are
examined for different imaging procedures and patients, all data taken from one device
from the hospital.
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Ozet

Dokuz adet bagimsiz genis alanli (lcmz) Silikon PIN fotodiyot kullanilarak, ¢ok kanalli
bir nétron deteksiyon sistemi gelistirilmistir. Silikon” un yiiksiiz nétronlara duyarliligi son
derece diisiik olmasi dolayisiyla bir nétron yiiklii parcacik doniistiiriici malzeme
kullanilarak sisteme son sekli verilmistir. Her sensoér, yiik hassas yiikseltici ve ana
yiikseltici olmak {izere bir yiikseltici ¢iftine bagli olarak radyasyon sinyallerini
tiretmektedir. Ardindan bir komparator entegre devre elemani ile secilen sinyaller dijitalize
edilerek sinyal pulslar1 tiretilmektedir. Son olarak bu pulslar detektor kutusu igerisine
yerlestirilen bir Xilinx Spartan 3AN FPGA modiili ile belirli periyotlarla sayilarak 6l¢iim
islemi tamamlanmaktadir. Elde edilen sayimlar FPGA kontroliinde, UART iletisim kanali
tizerinden Raspberry PI’ a aktarilarak burada her kanal i¢in ayr1 bir metin dosyas1 olarak
kaydedilmektedir. Sistemin ¢aligma siireci bir Python grafik arayiiz ile kontrol
edilmektedir.
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