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ABSTRACT 

The radiography facility for thermal neutron has been installed at the E-2 
experimental hole of the Kyoto University Reactor (KUR) since 1974 and 
provided good characteristics. 

To observe a dynamic event and to test many samples, the real-time neutron 
radioscopy (i.e. neutron television - NTV) system has been introduced to this 
facility since 1980 and practically applied to various applications with image 
processing techniques. 

Recently a cold neutron beam hole (CN-2) has been available at the graphite 
column and preliminary radiographic tests were tried. 

In this paper, these neutron radiography systems and brief explanations for 
some of applications at KURRI are described. 

INTRODUCTION 

At KURRI, neutron radiography has been researched since 1974. The KUR neutron 
radiography facility is installed at the E-2 experimental hole ( l ) and has the excellent 
characteristics. To observe dynamic phenomena and to test many samples quickly, the real­
time neutron radioscopy system was introduced in 1980^*. 

The NTV system has been practically applied to penetrating the side plates containing 
boron burnable poison to test MTR type fuel, to investigation of moving objects^3*, to neutron 
computed tomography (NCT) (6 ,7), to visualization of particles motion in a spouted bed***, and 
to visualization and analysis on air-water two-phase flow<,,,0,1,). 

A cold neutron beam hole has been available for neutron radiography at the graphite 
column since 1989 and preliminary radiographic tests were tried02,13*. 

The KUR is a joint use research reactor (5MW) for universities and research institutes 
in Japan. The facility is also used to study for graduated students*14,15* and overseas 
researchers. Therefore, many researchers have come to use this facility for various 
applications, for example; 

Standardization for Determining Image Quality0**, 
from Department of Nuclear Engineering, Faculty of Engineering, Nagoya University, 

the Atomic Energy Research Laboratory, Musashi Institute Technology, 
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NEUTRON RADIOGRAPHY RESEARCH ACI1VITIES AT KURRI 

Shigenori FUJ町E，Kenji YONEDA and Keiji KANDA 
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Kumatori-cho， Senn卸 -gun，O姐ka590-04， J叩却

ABSTRACT 

百 cradiography facility for thcrmal ncutron h踊恥cnins凶lcdat恥 E-2
experimcntal holc of thc Kyoto University RI伺.ctor(KUR) SiD偲 1974and 
provided good characteristiω. 
To obscrve a dynamic evcnt and to tcst many調mpll回，曲crcal-t加cncu加 n
radiosωpy (i.e. nc山 ontclcvision -N1V) systcm has bcen introduccd加曲is
facility sin白 1980叩 dpracti伺lly叩plicdωvariousappli白.tionswi血面樋酔
proccssing tcchniqu回.
Rc印刷lyacold n即位。，nbeam holc (C件 2)has bccn avai1ablc at白 graphitc
column and preliminary radiographic t，凶tswcrc凶cd.
In this pa戸民曲目cncutron radiography systcms剖 dbricf cxplan副倒asfor
some of appli回.tionsat KURRI are d回目ibcd.

町τ'RODUCTION

At KURRI， ncutron radiography h踊 bccnrcs回rchcdsin白 1974. Thc KUR田崎町m
radiography facility is ins旬llcdat thc E-2 cxpcrimcn凶加lc(l)and has d隠 exc刈k国
characteristi岱. To observe dy刷協phcnomcna岨d句協:tmany阻mplesqu記ldy，恥raI-
time ncu町onradios∞py systcm w.踊函館。du関d恒 19蹴'('..，3).
百leNTV sysぬmhas bcen practi伺l防applicd柏戸田国由唱thcside pla蹴 oon凶副喝
boron bumable poison to tcst Mτ'R type fucl，加加v副伊ltionof moving曲hdq加側副姐
ωmputed tomography (Nαヂ叱 tovisualization of particl情富蹴ionin a平側ted加f1.'J，and 
ωvisualization and analysis on air-watcr two-pha民 sOW(9，lo.U)
Aω11d ncu位。，nbcam holc h部恥cnavailablc for ne川国Inradiogr司phyat恥 g司地恥
ω.Iumn s加偲 1989and prcliminary radiogr叩hict儲.tswcrc剖cJI2，l3).
百lCKUR is a joint u随時期間:hrcactorσMW) for univc雨脚 andJe蜘油脂蜘側

面 Ja凹n. 百lCfacility is also uscd防御dyfor gr叫t細胞d蜘 dents(1"問 ando時四闘S
間関町chcrs. 百lcrcforc，many rc鵠archCIShavcωm旬蹴曲lisfacil均伽v.nous
叩pli伺.tions，釦，rcxample; 
Standardization for Dctermining 1m帯伽aliザ円

官。mDe戸rtmentof Nuclear白tginecring，Faculty of Enginccri略，N:唱。ly8Un駒田説。，
出eAI佃micEncrgy Rcsearch La加問価ry，Mus邸:hib闘i加teTl酎曲師1句D'.
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the Institute for Atomic Energy, Rikkyo University, 
the Atomic Energy Research Institute, Kinki University, 
the Japan Atomic Energy Research Institute (JAERI), 

and the Radiation Center of Osaka Prefecture (now: Univ. of Osaka Prefecture), 
Heat Pipe (I7>, Testing of defects in Structural Materials"8*, Track-Etch Method, Fluid 
Dynamics09*, Testing New Converters*20*, NCT*21*, Basic Research on Quantitative 
Neutron Radiography*22*, Analysis of Distribution of Hydrogen in Palladium03*' 

from Nagoya University, 
Development of the New Converters (Kasei Optonix, Ltd.)*24*, 
Test of Imaging Plates (Fuji Photo Film Co., Ltd./25*, 
Application to Archaeological Objects and Fine Arts (Gangoji Institute for Research 
of Cultural Property)*26,27*, 
1 2 4Sb-Bc Neutrons to CT for Iron Products'28*, Core Detection in Turbine Blades, Some 
Parts of a Space Rocket, 

from the Radiation Center of Osaka Prefecture (Univ. of Osaka Pref.), 
Accurate Measurements of Characteristics Factors at the E-2 Facility, 

from the Institute for Atomic Energy, Rikkyo University, 
Visualization and Analysis of Particles Motion in a Spouted Bed*8*, 

from Department of Chemical Engineering, Faculty of Engineering, Kyoto University, 
Investigating Ceramics Structure to the Minutest Details, 

from Department of Material Science, Faculty of Engineering, Tottori University, 
Preliminary Experiment Using Cold Neutrons*29,30*, 

from the Institute for Atomic Energy, Rikkyo University, 
Nagoya University, University of Osaka Prefecture and JAERI. 

Some researchers of KURRI also have the joint researches in this field at 
the "YAYOI" Fast Neutron Source Reactor, University of Tokyo*31,32,33*, 
the Institute for Atomic Energy, Rikkyo University, 
the Atomic Energy Research Laboratory, Musashi Institute of Technology, 
the JRR-3M, Japan Atomic Energy Research Institute (JAERI), 
the Nuclear Safety Research Reactor, JAERI, 

and the Atomic Energy Research Institute, Kinki University. 

The main subjects of research in progress are visualization and analysis on air-water 
two-phase flow, construction of the image data base system on neutron radiography, 
applications using cold neutrons and development of NTV system with high sensitivity and 
high resolution for fast and cold neutrons. 

This paper describes the KUR neutron facilities and brief explanations for some of above 
applications. 

THERMAL NEUTRON RADIOGRAPHY FACILITY 

The KUR thermal neutron radiography facility has been installed at the E-2 experimental 
hole, which faces the heavy water tank (Fig. 1) and can produce thermal neutron flux with 
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thc lnstitutc for Atomic Encrgy，尉kkyoUnivcrsity， 
thc Atomic Encrgy Rcsearch Institutc， Kinki Univc路ity，
thc Japan Atomic Encrgy Rcsearch Institutc (JAERI)， 

and 曲cRadiation Centcr of 0鈍kaPrcfecturc (now: Univ. of osaka Prefiωurc)， 
Hcat Pipc(l7)， Tcsting of dcfccts in S加 cturalMatcrials(l8)， Track-Etch Method， fluid 
Dynamics(19)， Testing Ncw Convcrtcrs(20)， NCJ<21)， B踊ic&悦archon 0凶凶削vc
Ncutron Radiography(22)， An吻sisof Dis町ibutionof Hydrogcn in Palladium(Z3). 

世'OmNagoya Univcrnity， 
Devclopmcnt of血.cNcw白 nvcrtcrs(Ka邸i 句~onix， Ltd.)(24)， 
Test of Imaging Platcsσ'uji Photo Film ω.， Ltd.)'門
Appli伺.tionto Archacological Objccts and Fine Arts ~白ng'吋i Insti加tcfor R騎回附
of Cul加ralPropcrty)尉.27)
124gb-Bc Ncutrons to cr for Iron Products吹白rcDetection in Tu出回Bladcs，Somc 
Parts of a Spacc Rockct， 

合omthc Radiation Centcr of 0鈍kaPrcfcc佃rc(Univ. of仇akaPrcf.)， 
Accul'8tc Measurcmcnts of Ch8l'8ctcristi岱 Factorsat曲cE-2 Facility， 

世'Omthc Institutc for Atomic Encrgy， Rikkyo Univcrsity， 
Visualization and Analysis of Particl儲 Motionin a Spoutcd Bcdベ

合'OmDe戸rtmcntof Chcmical Engineering， Falωlty of Enginccring， Kyoto Univcrsity， 
Investigating Cemmi田 Structurcωthc Minutcst De凶Is，

合'omDe卵胞ncntof Matcrial Scicncc， Fa'ωlty of Enginccring， Tottori Univcrsity， 
Prcliminary Experiment Using Cold Ncutrons(29，30)， 

from the Institute for Atomic Energy， Rikkyo University， 
Nagoya University， Unive四ityof仇akaPrefecturc剖 dJAERI. 

Some researchers of KURRI also have the joint陪seaI'chesin曲isficld at 
曲e"YA YOI" Fast N印刷InSource Reactor， University of TokyoC31品川，
the Institute for Atomic Encrgy，町kkyoUnivcrsity， 
the Atomic Encrgy R，国間rchLabol'8tory， Musashi Insti削除 of1i民hno岡野，
曲cJRR-3M， Japan Atomic Encrgy Research Institute (1.組問)，
the Nuclear Safety &凶earchR，飽ctor，JAERI， 

and thc Atomic Energy Research Institutc， Kinki Univcrsity. 

百lCmain subjects of re田町'chin progrl閥抗 visualizationaJ吋 analysison air-w減町
two-ph踊.cflow，∞ns'加国ionof恥耐lageda飽 basesysぬmon neu位。，nrad崎g捌'y，
appli伺ltionsusing ωld ncutrons and dcvelopment of N1V system with high詑郎副vityand 
high resoh刷onfor fast and∞ld ne蜘 ons.

百首spapcrd回cri恥s曲cKURncu位。nfaciliti悶創叫briefc却，lanationsfor叩鵬ofabovc
appli伺，tions.

THER恥IALNEUTRON RADIOGRAPHY FAClLITY 

1bc KUR thcrmal ncutron r叫iQ伊 phyfacility h踊 b聞鵬組Ucdat Ihc E-2叫期加国踊I
holc， which fa白sthc hcavy watcr tank (Fig. 1) and伺nplt山信由crmalne旭回目白uxw愉
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high quality for neutron radiography. It was originally prepaircd for use to thermal irradiation 
experiments, and for neutron radiography use there were some problems, such as the need for 
collimator for better image quality and reducing the release of radioactive 41Ar, and so on. 

A divergent collimator of 5 cm input diameter (D) and 500 cm length (L) was used and 
the part of the collimator in the E-2 hole was in an aluminium plug to prevent the release of 
radioactive 41Ar. As a gamma ray filter, bismuth 1 cm thick was placed in the Aluminum 
plug and a neutron shutter (B4C) was used at approximately the middle of collimator. The 
thermal neutron radiography facility is shown in Fig. 2. 

DC Heavy Wafer facility 
TCICNS) GroohtteTlierinol Column, 

Cold Neutron Source 
B - l - B - 4 Beam Tubes 
E-l~E-4 Exposure Tube* 
V Vertical Exposure Tube 
T l Through Tube (ISOL) 

Figure 1. Horizontal View of the KUR Experimental Holes. 

PJBJ lead block 
IET1 B containing; polyethylene 
ESI heavy concrete 

B.C shutter 

TV caaera. detector saaple '' 

reactor wall 

biological shield 

bisauth 
(1 ca thick) 

aluainua plug *' 

iaator / \ 
in dia.) . . f . \ collimator 

,(S o in dia.) 

231 

Figure 2. The KUR Thermal Neutron Radiography Facility. 
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high quality for neutron radiography. It was originaUy prcpaircd for u路加thermalin叫.iation
experiments， and for ncu仕onradiography usc thcrc werc somc problcms， such錨血cnecd for 
collimator for better image quality and rcducing曲erc協関 ofradioactive 41 Ar， and館側.
A divergent collimator of 5 cm input diamcter (D)細 d5'∞cmlcng曲(L)w描 usedand 

血epart of曲e∞llimatorin thc E-2 hole was in an a1uminium plug to prevent 血crel~邸 of
radioactive "IAr. As a gamma ray filter， bismuth 1αn thick was placed in血eAlum畑町a
plug and a neutron shutter (B"C) was uscd at approximatcly the middlc of ∞llima伽. The 
thermal neutr9n radiography facility is shown in Fig. 2. 

TV 

DC 蜘vyWa愉向clllt，
TC悶唱SJ匂柑向n.輔副側関楓.
αl1d蜘崎司胸SOUrOI

B.い8・48lam1i情"
E-トE・4抑制・7ぬ"
v VIr畑I&po酬τ蜘
T・ThnllゆT自(lSOL，

Figure 1. Horizontal View of血eKURE却crimcntalHol，回.

r・ac:torwall 
-回 1・・dbloc:k 
[!J B containinl polyethylen・
~ heavy'conc:r・t・ biolopc:al shi・lcl

Figurc 2. The KUR Thcrma1 Neu回，nRad同~hy Facility. 
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After preliminary experiments to resolve these problems, the facility provided the 
following advantages; 
(1) high neutron flux at the film position (1.2 x 106 n/cm2-sec), 
(2) large Cd ratio measured with a gold foil (400), 
(3) low gamma ray dose rate (4.2 R/h), 
(4) Large n/y ratio (106 /cm2-mR), 
(5) large exposure are (16 cm in dia.), 
(6) large collimation ratio (L/D 100). 

These characteristics are summarized in Table 1. 

As a converter for the film method, the gadolinium (Gd) converter with a vacuum cassette 
has been generally used with the highest resolution. Many commercialized intensifier screens 
for X-ray use, based on Gd202S(Tb) such as KH, KO-500, KO-750, G-4 and G-8, are 
available with high sensitivity, and also can be used for electronic imaging. 

Using a Gd direct film method with ASTM-75 and RIS0-81 Image Quality Indicators, 
NCSR values are satisfied 75-15-10 with ASTM-75; i.e. thermal neutron content 85 %, 
scattered neutron content 12 %, resolution indicator 11 and Category I (NCHG=65-6-6) with 
RIS0-81 is also satisfied; 79-7-7. Using KO-5C0B converter with SR film, NCSR values 
are 98.9 %, 8.8 %, 11 and NCHG values are 92.8 %, 7, 7. 

Table 1. Characteristics of the KUR Thermal NRG Facility. 

1. Reactor / Power KUR / 5000(kW) 
2. Peak ^ in core 6 x 1013 (n/cm2sec) 
3. Range of L 500 (cm) 
4. Standard L / D 100 
5. <!>„, at film 1.2 x 106 (n/cm2sec) 
6. Gamma dose rate 4.2 (R/h) 
7. Cadmium ratio 400 
8. Neutron/Gamma ray ratio 1.1 x 10* (/cm2-mR) 
9. Fim size available 16 (cm in dia.) 

10. Beam uniformity ±3.5 (%) 
11. ASTM-75 specification 85-12-11 
12. ASTM(RIS0)-81 (NC-H-G) 79-7-7 (Category I) 

COLD NEUTRON RADIOGRAPHY FACILITY 

A cold neutron beam hole (CN-2) has been available at KURRI since 1989. The cold 
neutron source was installed in the graphite thermal column as shown in Fig. 1. The layout 
of cold neutron guide tube is shown in Fig. 3 ( 1 2 , 1 3 > . The characteristic wavelength is designed 
to be 2.6 A. The imaging area is 10 mm (in width) x 74 mm (in Height) and the cold 
neutron flux is expected 1 x 107 n/cm2-sec (>3 A, at the exit of CN-2 guide tube). The 
? iage can be obtained by scanning a film in the cassette with fluence of about 109 n/cm2. 

The preliminary experiments are presented in detail in references02,13*. In the near future, 
CN-3 beam hole in Fig. 3 will be arranged for neutron radiography. 
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After prelimin訂yexperiments to resolve these problems， the facility providcd曲e
following advantages; 

(1) high neutron flux at由efilm position (1.2 x 106 n/cm2.sec)， 
(2) largeα ratio measured with a gold foil (4∞~， 
。)low gamma ray dose rate (4.2 R/h)， 
(4) Large I昨 ratio(106 A叩 2・mR)，
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scattered neu甘oncontent 12 %， resolution 加diωtor11 and Catcgory I (NCHG=65-6-6) wi曲
RISO-81 is also satisfied; 79-7-7. Using KO-5COB∞Inverter with SR film， NαR valucs 
are 98.9 %， 8.8 %， 11 and NCHG values are 92.8 %， 7， 7. 

Table 1. Characteristiωof曲。 KURτ'hermalNRG Facility. 

1. Reactor I Power 
2. Peak CTIh in core 
3. R姐 geof L 
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5.中山 atfilm 
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KUR/51刷。W)
6 X 1013 (n/cm2・sec)
500 (cm) 
100 
1.2 X 106 (n/cm2'sec) 
4.2 (RIh) 

4∞ 
1.1 X 106 (fcm2・mR)
16伽 india.) 
ま3.5(%) 
85-12-11 
79-7-7 (臼.tegoryI) 

COLD NEUTRON RADIOGRAPHY FACILITY 

A cold n即位'Onbeam hole (1αー勾加 beenavailable at KURRI sio白 1989.恥 ωIld
::leu住onSOUfl回 wasinstallt>:d in the graphite thermal∞lumn回 shownin Fig. 1.百lClayωt 
ofωld neupongIide加恥isshown in Fig. 3(12・23}.百lecharactcristic wavelength is也:signed
to be 2.6 A. The加agingarea is 10!1lsl (in ¥¥!idth) x 74 mm (in HeゆIt)祖 d恥叫d
neutroo flux is expected 1 x 107 n/cm2・艶c(>3 A， at the exIl of CN-2 guide tubc). 1be 
!.'.Iagc伺 nbe obtained by scanning a film面白e伺路ettewi曲目uenl回 ofabout 109 n畑02•
τ'he prelimin町yexperiments are pre鴎ntedin detail in referen田S(I2，I3). In the 01回rfu加a，
CN-3 beam hole in Fig. 3 will be arranged for n印刷nradio!開phy.
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Cold •oderttor eel I 
UCN 

superairror turbine 
Rttctor building 

Heavy concrete 

Neutron 
rtdioiraphy spot 

Cold neutron interferometer 

U 222d-*K- 1100a J 
Figure 3. The KUR Cold Neutron Radiography Facility. 

REAL-TIME IMAGING SYSTEM 

A block diagram of KUR NTV system is shown in Fig. 4. A neutron radiographic image 
is directly taken from a neutron converter screen with a high sensitive camera (Image 
Orthicon tube or Silicon Intensifier Target (SIT) tube camera) without image intensifier. 

The images from the TV system are digitized through the high speed video analog-digital 
converter (ADC) (1/30 sec/frame). The digitized images with pseudo color have resolution 
of S12 x 480 pixels, 256 gray scale and with a DMA interface (TVIP-4100-H). The digital 
images are fed to an image processing system and a high performance personal computer is 
connected with an interface. 

CRT MONITOR 

Figure 4. The KUR Neutron Radioscopy (NTV) System Block Diagram. 
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R..actor DuOdiftl 

4 11伺@ー桝ι22%舗

Figure 3.τbe KUR Cold Neutroo Radiogr・phyFacility. 
REAL-'τ1MB削 AGING8YSτ芭M

Abl，∞:k di8gram of KUR N1V system is shown in Fig. 4. A ncu加 '0radi噂酬icimゅ
is directly旬keofrom 8 neutronω'nv，侃町民間nwithahゆ鶴田itive伺鵬:[8(Imi砂
O巾i∞n加bcor Siliωn Intensificr Targct (8町制恥伺mera)w制剛氏 im喝~m臨凶ficr.
百e加8g白金omthc TV system 8IC digi胸 d蜘 ughthehゆ叩凶vic抑制log-cli&i凶
∞，nvcrter (ADC) (ω0鴎c/framc).The digitizcd imagcs w柚戸側面ω，lorhavc a副凶蜘
of 512 x 480 pixels， 256 gray民alcand wi曲aDMA intcrfacc (TVIP-41町ト町.1bcd単祖l
imag凶8ICfcd to叩 imagcPI制活路ingsystcm ar叫abゆ pcrfonnanccpcISOl凶 αm刷脚色
∞nncctcd wi曲m恒.tcrfa白.

cou嗣・咽..... 畠曹

Figurc 4.百1cKUR N凶制mRadio釦叩y似TV)Sy:鋪聞副叫泳防噂am.
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APPLICATIONS OF NEUTRON RADIOGRAPHY 

Visualization on Gas-Liquid Two-Phase Row (*' , 0 , u ) 

The neutron radiography technique was introduced to visualize a gas-liquid two-phase 
flow in metallic duct, and measure the void fraction with use of image processing technique. 
The experiments were performed using the neutron radiography facilities at the E-2 hole of 
the KUR, the Nuclear Safety Research Reactor (NSRR) and the JRR-3M vt JAERL 

The neutron radioscopy system produced video images with enough quality to delineate 
flow regimes. The average void fraction obtained with image processing technique agreed 
well with optical method and the conductance probe method. The relation between gas 
velocity and mixture volumetric flux was compared with the drift correlation. The agreement 
was good for wide liquid velocity range. 

In the near future, it is expected to be able to calculate the interracial area concentration 
with better quality images taken at the JRR-3M. 

Some parts of these works were supported by the Grant-in-Aid for Scientific Research 
(A) from Ministry of Education, Science and Culture (1986-1987, 1989-1990). 

This work is presented at this symposium (poster session #405), entitled "Visualization 
and Measurement of Fluid Phenomena Using Neutron Radiography Techniques" by K. 
Mishima et al. 

Study of Liquid-Solid Two-Phase Flow^ 
Motion of solid particles in a spouted bed was visualized by using neutron radiography. 

Trajectories and velocity profiles of particles in annular region were obtained from the 
radiography. Result indicates that both the trajectory and radial profile of particle velocity 
normalized by mean velocity of fluid through nozzle are almost independent of height of 
packing and Reynolds number. 

The profiles of packed density in a spouted bed were also investigated by neutron 
radiography and the availability of neutron radiography has been confirmed. 

This work was supported by the Grant-in-Aid for Developmental Scientific Research 
from the Ministry of Education, Science and Culture (1990-1991). 

International Cooperative Research Program 
The Research Reactor Institute, Kyoto University and the Phoenix Memorial Laboratory 

(PML), the University of Michigan agreed to Memorandum to Promote Academic 
Cooperation and Exchange in November, 1987. 

In the Memorandum it is written, "In order to facilitate academic cooperation and 
exchange in scientific and technical development on research reactors, their uses and related 
subjects, they will encourage in particular activities: all those activities shall be aimed 
exclusively at peaceful uses: (1) The exchange of research publications. (2) The exchange of 
researchers, technicians and students. (3) Joint research meetings. (4) Joint research. (5) 
Research by mutual use of facilities." 

The joint research program was supported for three years by the Grant-in-Aid for 
International Scientific Research Program: University-to-University Cooperative Research 
from the Ministry of Education, Science and Culture (1990-1992). 

At KURRI various applications have been studied by using the KUR and at the University 
of Michigan, PML, neutron radiography has also been used in the lubrication studies, spray 
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APPLlCATIONS OF NEUTRON RADIOORAPHY 

Visualization on Gas-Uquid Two-Ph腿CF10wC'.IO，川
百lCncu釘onradiography tcchniquc w，踊恒trodu偶dωvisualizc8 gas-l旬uidlWO守地届e
sow in mctallic duct， and m回surc曲cvoid量制100wi曲 U鶴 of加喝;cproc蹴 i喝卸劫肉鵬・
百lCcxpcrimcnts wcrc pcrformcd using曲ICncutron radiograpby faciliti錨 at世路E-2IM:取。f
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patterns and spray dynamics, several phenomena in porous media, computer reconstructed 
neutron tomography, fluid flow studies, and structure and foreign material applications04*. 

As the preliminary experiment for this program, visualization of air-water two-phase 
flow in a small diameter tube and a narrow rectangular duct was considered in 1991 and 
1992. The various images of two-phase flow (bubbly, slug, churn and annular) were obtained 
with a LIXINID system and an EMI system at PML. These images were unproved by beam 
correction and averaging technique using Quantex QX-9200 image processing system. The 
images were sufficiently clear for observation of flow condition and it is expected the 
quantitative research on two-phase flow follows, such as die measurements viod fraction and 
rising velocity of bubbles. The feasibility of this study could be succeeded to a future 
program*35*. 

At present, neutron radiography has been used to inspect coking and foreign materials in 
a gas turbine engine nozzle. 

Development of Imaging Techniques for Fast Neutron Radiography (FNR)*31,32,33* 
Since 1986, researchers from various organizations frequently gathered at the YAYOI 

reactor and carried out the experimental program of fast neutron radiography. The YAYOI 
reactor is one of fast neutron source reactor for research purpose and an average energy of 
the neutron beam is estimated to be about 0.8 MeV and applicable to FNR. The neutron 
fluxes at the exit of the beam holes were measured to be 10*-107 n/cmz*sec (>1.3 MeV at 2 
kW operation), and were expected to be able to apply to FNR. In the research programs, 
imaging techniques were successfully developed using not only CR-39 track detector for a 
direct imaging but also a fluorescent converter for an electronic real time imaging and for a 
film method. 

Cold Neutron Radiography02-1329-30* 
Output intensities of the cold neutron guide (CN-2) of KUR-CNS (Cold Neutron Source) 

were measured with neutron radiographic method. The intensity profiles of the cold neutron 
beam at various positions in front of the exit of CN-2 were radiographed and quantitatively 
measured from film optical densities. For the cold neutron source with liquid deuterium 
moderator, the peak intensity of the CN beam of the CN-2 was measured to be 1.1 x 107 

n/cm2'sec as 'thermal neutron intensity equivalent1. By using the CN beam, CN radiography 
was carried out with a scanning method of the imaging system. The images with high quality 
were obtained. 

Spatial intensity profiles of a CN beam were measured about the CN-2 guide tube after 
passing through Be filters as a function of the Be thickness with use of an NR technique. 
Relative intensities of low energy cold (<S meV) and high energy cold (5-12 meV) neutron 
components were analyzed along a horizontal axis on a section in the beam section". 

Beam quality dependence regarding with effective total macroscopic cross sections was 
measured for Pb, Fe and Ti at the KUR (E-2, CNS), die JRR-3M (7R, CNS) and the Rikkyo 
Reactor*30*. 

CONCLUSION 

KUR NR facilities and some of applications were presented. KUR NR facilities have 

- 772-

pattcms and spray dynamiω， scveral phenomena in porous n協di8，ωm似島町防con臨'UCtCd
ncutron tomography， t1uid t10w studi凶， and戚nacturcand forci伊悶脚ria1略申ucatiou"".
As曲cprcliminary cxpcrimcnt for血isprogram， visualization of air-w，脚r肺門地蹴
t10w in a small diameter加bcand a narrow rcctangular duct was considcrcd卸 1991and 
1992. 1be various加a8ωoftwo-phase t10w (bubbly， slug， chum and annular) wcrc借地iDCd
wi血aUXI NID systcm佃dan EMI systcm at PML・官E蹴恒188碕 wcrcimprovcd by恥am
correction and avcraging tcchniquc using Quantcx OX-9200 imagc proo麟 i喝 syJtcm.τbc
imagcs we問 sufficientlyclcar for obscIVation of t10w ∞ndition and it is 抑制凶御
quantitativc J:儲伺rchon two-pha民t10wfollows， such踊血.cm回surcmcntsviod量u説佃g叫
rising vclocity of bubbl儲. 1bc お踊~ibili貯 of 曲is 蜘dy ∞uld bc卸∞m必dωafutu即
progr8Ul‘戸，
Atp:田鶴nt，ncutron radio，伊，phyb酪 bccnuscd ω凪spcct∞，king四dforcign matcrials担
a gas turbinc enginc nozzle. 

Dcvelopmcnt of Imaging Tcchniqu回 forF1踊tNcu'位。nRadiogr却by(.附R)(31・山玲
Sincc 1986，間路町chc隠世'omvarious organizations歯切I!cntlyga由cJ:cdat由cYAYOI 
rcactor and carricd out曲ccxpcrimcni凶 programof fast ncu回'nr叫iogmphy.τbcYAYOI 
rcactor is onc of fast ncutron回urccrcactor for rcs伺rcbpurposc and舗 avcmgcCDC曙yof 
血cncutron b伺mis側加atcdto bc about 0.8 Mc V ar叫appli伺blc旬fNR.τbcncu倒閣
t1uxcs at曲ccxit of曲cbcam hol悶 wcrcm回surcdωbc10'-101 nlcmz，駒C令1.3McVat2 
kW opcration)， and wcrc cxpcc制加 bcablc ωapply旬開R.面白cr蹴邸油伊噂...... 
加agingtcchniqu凶 wcrcsuccc路削除 dcvclo戸dusing削 onlyCR-39回 ck命制御伽a
dircct imaging but a150 a t1uorcsccntωnvc巾 rfor an cl闘 ronicrcal timc加噂同and伽 a
film mcthod. 

白 ldNeutron Radio伊.phy(JZ，13.初期
伽 tputintcnsiti回 ofthc∞ldncu位。Inguidc(1α-2)ofKUR-αs仰，ldN凹刷伽蹴}
wcrcm悶 S町edwi曲ncutronradiographic mc曲00.百lCintensity profil情。f曲cooldncu側m
bcam at various pωitions in front of曲ccxit of CN-2 wcrc I凶iographcdand q咽 a蜘血叫y
mcasurcd from film op世田1dcnsI'樋凶. For tbc∞ld ncutron駒田明叫曲 liquidde蜘 rium
modcrator， thc p回kjntcnsity of也cCN恥amof曲cCN-2 w.酪鵬asu悶d価恥1.1x 10' 
n/cm2.scc舗噛cnnalncutron in蜘 si貯句uivalcnt・.8y usi略恥CNbcam，011叫I08I司曲y
W踏切rricdoutwi曲a民組副喝鵬曲叫of曲cimagi略 systcm.百路加喝儲W耐lh跡中川ity
wcrc ob個ined.
S伊.tial泊ltcnsityprofdes of a CN bcam wc町 m伺捌叫about由c01-2 gUiC:IC凪bcaf蜘

戸崎ing血zωgh8c filtc岡崎 afunction of曲c8c曲，ickne路wi曲 U誕 ofanNR脂曲n均肱
Rclativc intcnsi加 oflow cncrgy cold (<5 mcV) and hゆ cncrgy∞ldσ-12mcV) ncutlOll 
∞，mponcnωwcrc analyzed a10ng a borizontal蹴 ison a鵠ctionin恥恥制調dIOs¥DJ.
8cam quality dcpcndcnl白 rcgardingwi曲cffcctivc幅削町樋田oscopica栂 S駒 ctio酪 w・6
m伺S町凶for防， Fc and百at恥 KUR(5-2， CNS)， thc 1RR-3M (7R， CNS) and恥Ri怯卯
R伺.ctoP'>.

CONCLUSION 

KUR NR faciliti償制吋鈎Imcof appli白:tions鴨陪戸潤cnted.KUR NR facil託協 bave

- '1'12ー



enough characteristics for the film method. The NTV system also is sufficient for the 
stationary and moving samples, and has been used to various applications. The facilities are 
expected to use to further applications in the wider fields. 
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