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Development of Radiation Dose Assessment Algorithm for
Arbitrary Geometry Radiation Source Based on Point-kernel Method

Ju Young Kim', Min Seong Kim', Ji Woo Kim' and Kwang Pyo Kim'-*

'Department of Nuclear Engineering, Kyung Hee University, 1732 Deokyoungdae-ro, Giheoung-gu, Yongin-si,
Gyeonggi-do 17104, Republic of Korea

Workers in nuclear power plants are likely to be exposed to radiation from various
geometrical sources. In order to evaluate the exposure level, the point-kernel method can be utilized.
In order to perform a dose assessment based on this method, the radiation source should be divided
into point sources, and the number of divisions should be set by the evaluator. However, for the general
public, there may be difficulties in selecting the appropriate number of divisions and performing an
evaluation. Therefore, the purpose of this study is to develop an algorithm for dose assessment for
arbitrary shaped sources based on the point-kernel method. For this purpose, the point-kernel method
was analyzed and the main factors for the dose assessment were selected. Subsequently, based on
the analyzed methodology, a dose assessment algorithm for arbitrary shaped sources was developed.
Lastly, the developed algorithm was verified using Microshield. The dose assessment procedure of the
developed algorithm consisted of 1) boundary space setting step, 2} source grid division step, 3) the set
of point sources generation step, and 4) dose assessment step. In the boundary space setting step, the
boundaries of the space occupied by the sources are set. In the grid division step, the boundary space is
divided into several grids. In the set of point sources generation step, the coordinates of the point sources
are set by considering the proportion of sources occupying each grid. Finally, in the dose assessment
step, the results of the dose assessments for each point source are summed up to derive the dose rate.
In order to verify the developed algorithm, the exposure scenario was established based on the standard
exposure scenario presented by the American National Standards Institute. The results of the evaluation
with the developed algorithm and Microshield were compare. The results of the evaluation with the
developed algorithm showed a range of 1.99x 107'~9.74x 107" uSv hr!, depending on the distance and the
error between the results of the developed algorithm and Microshield was about 0.48~6.93%. The error
was attributed to the difference in the number of point sources and point source distribution between the
developed algorithm and the Microshield. The results of this study can be utilized for external exposure
radiation dose assessments based on the point-kernel method.

Key words: Point-kernel method, Arbitrary geometry radiation source, Dose assessment, External
exposure
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Fig. 1. Exposure scenario based on ANSI/ANS-6.6.1 reference problem.

277



JOURNAL oF RADIATION INDUSTRY dFg, 4y, dxe, 428

AR Zp) B4 5308 4= QITH[20]. Microshield FAFR. o] XFRIBHTL Q= E7te|| Higk AAE ARt AA 2
CL SR 2o shastn] 7 o] AR fighdA 2 331 B7F UlolA] A o] ek gl Bk o]
9 B3} 2 WAL AT 5 9ok g AAtTFEoA gtk HYS ofg o] Atz Blsly] 918 AA Bk
L %S 915) ANSI/ANS-6.6.1 = B7Mol thaf B HewA2 dgste, 490 ) 7h=, A=, Eo] Zol2
¥gh v} Qlck A 4uE)E AE A G W AN g S8 AR
gstol o], BrhE Z2AA g giste] At et A9 Azt Bk Ao A= 9bA] ARG Ao AA 2
Folgt Agehitele AHEstart. 181 £ 5% e 7H ole] o] Axtw Bagith A9 Azt Bt A 44
At dwElZo 2 Boygh Av} ghat vl AZsHAck A 714 o Wrl2 S8 Bbe] 24 BAAIE 7F A
g, 27k tiZhA ZolE o] gttt Aukd o 7 HAA 7}
A o1 W7} A YAARA7R A7t 27he] Bz Aol
3.8 3 o] 10 o4} AL, S B YAPoR AT >
lth[21]. ©12 S3f WA Azt 27ke] thzbal
3.1. Yo HEH BiApM2lo]| CHH S| BEARMZ Z10]9] 10H]] 0|5} AL 712, A2, Fo] FAlo] tishA]
WL n2E N A B Atz Bl U Axpe Bakel Az
Fig. 20 7N Qwa]Zo] mEupabasr Bobda 9 5 of i HAY 7HY olRe Wrtehe HEAOR o o4
NAG7A Aol w2 Bt GAS ERRQIL) Point: B3t F7I0] 1S wirhA] MR A 0 & WI1E St
kernel 12 7|9F Mg} A] A9S FHQgos Bt ALY AT A DAL [ ZRAAY S 9
517] 918l AL} WA A 7 Adlo] w2 Bt wpies gk AAY IS AT AAY AR AY Yret A
ARtk A FelZe] Wbk 1) A4 Bk Al IIE Aol ey HAY S T &S] A4
A, 2) A Az Bk 3) AAD A A4, 4) D2 gek 28w AxpE AAY FuE s A2 Yo Aol
% W7t A2 Tk AT Qe HFS TEste] Taict Aol 245}
AA BT AR DA A Azt Balo] obA] A T Qe H1E2 Azt i nl4 AL BAste] T

[]

bid

| @ Boundary space setting step @ Source grid division step '
length Detectivii /‘/\/\ Detection

5 Point point
/\/l(n?rh/‘ Boundary Space (near by) : \ """"" "“< ‘

~width

“-width
Detection /‘/\/\

Point

(far) : \ ------------------ -« .

3 Set of point sources generation step @ Dose assessment step |
‘ .......... ¢---{_Istiteration |-
|

//\ I HR RERRE Set of point 3
T H Sooai sources ? 5 i i
H o e 5 <o ?

e

TR

. ’ sle]orey ¢--{_Nthiteration |-

Fig. 2. Dose assessment procedure of developed algorithm.
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