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GIS-Based Methods to Assess the Population Distribution Criteria for
Undesirable Facilities: The Case of Nuclear Power Plants
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Abstract : The main objective of the study is to propose GIS-based methods to assess the population
distribution criteria for undesirable facilities such as nuclear power plants. First of all, a review of
the relevant criteria was conducted for the official documents compiled by such institutions as TAEA
(International Atomic Energy Agency), U.S. NRC (Nuclear Regulatory Commission), and some national
institutes including the Korea Institute of Nuclear Safety. It is informed from the review that the
fundamental principle underlying the various criteria is to maximize the distance between a plant and the
nearest population center. It is realized that two interrelated GIS-based techniques need to be devised to
put the principle into practice; sophisticated ways of representing population distribution and identifying

population centers. A dasymetric areal interpolation is proposed for the former and cell-based and area-
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based critical density methods are introduced. Grid-based population distributions at various spatial

resolutions are created by means of the dasymetric areal interpolation. By applying the critical density

methods to the gridded population distribution, some population centers satisfying the population size

and density criteria can be identified. These methods were applied to the case of the Gori-1 nuclear power

plant and their strengths and limitations were discussed. It was revealed that the assessment results could

vary depending upon which method was employed and what values were chosen for various parameters.

This study is expected to contribute to foster the applications of methods and techniques developed in

geospatial analysis and modeling to the site selection and evaluation.

Key Words : dasymetric areal interpolation, population distribution, siting criteria, GIS-based methods,

undesirable facilities, nuclear power plants
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A8kt = Aot YAshA s o] s %
H(Nyerges and Jankowski, 2010; Sugumaran and
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Wt 7)Eo] ARE Fe HAE 7125 A

2 Sa/do] o|BA FojA = A= A4 L
2 Alde] A I AA o ofsf AR E T, o o]
ANAl A& A|D3} vl A S A (undesirable faciliries)
5 FRSE A Fasin, s A e 7]
2o SR AN AFANA HE AL A
5 AT e o2 B2 Hols] ol
(Kirkwood, 1985), Bl % A ¥ AFgtEolA|

EIES s AL, o] S s AY, 2
ojuf QP Ae] Y& Ao 7hsAdol A UAl
1] A o|tH(Erkut and Neuman, 1989), H]AZE A4
2 37 82 A (obnoxious facilities) I} -3l A
(noxious facilities) & FH% =0, YA} WAL W
AV B 7= A2 AT o] HAPAILE ARAL A A
FH 2 oo fleS 2T TFe ol 2 A &
Aol = th(Erkut and Neuman, 1989; Erkut and
Moran, 1991).

ME A H0lE HIALE A4OIE Y% 24} 7}
oflA] QIR B 7|5 SR TS ddwitt
A& AEE) Afolls = AR (AH] L -y 2
S} -2 A R] 7id o] B oA TR A]H,
H A A9 Aol FAA JaFe o] 2aslet

= oA thF oA tH(Farhan and Murray, 2006).

bl el 3 A QRN A A

4 ok A Al s, & S
2 Wt o

L A3A 5k A A o=, dA 7ol tiet g

A7t 2 A A FFE o] 1ol (Erkutand
Neuman, 1989; Farhan and Murray, 2006), H]A%
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2. WA WAL Q7
R B 9H71E

1) IAEAS| 2X|7|E

AR B4 0] 1A 7]Eof] et 2 TAEA
(International Atomic Energy Agency, <A 1A}2]7]
ol elalf Folxit, A2 UukAl 7Hs Aol
U 522 = o]0 A= ARl 4F8} B §lof QI+
of thet WA T EFFE 7Hstt B LR &
A E]ofof ghrh= Zo|tHIAEA, 1978: 2003). IAEA
71 9h7kel Qb 35 Al2]Z(Safety Standards Series)
(2002: 2003)°lli= A AIAZ] Ao A F-&%= LRt
Hzlo] A ] o] Ql=tl, St Al 7HA] ARk A e
sHH of23t 2ok, AR, 259 (external zone) 0|2t
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7ol A4 Elo] gl o
Bt ol ol Aok T g AL

Ae QT Bao] g
ojujaiet, A,

aE Azt AFAIA] Aol =] 9tk 1
o] 7|0l QIFEAIA] M Aol thgh Al
7122 A A 0] A ATE, F o] EA|S) 2|
o] EA%}+ kA Yol iLgw| %] Holok FHS- FHEs)aL
ek, AR, QI B27t ek Ao oA Ad

Efojof gro] A4 = o] AUt

IAEAOA ZHYE =73 5 -2 dd YA
ol ’iRt 71 A A L FEIFEA s A2 1980

ol 2k Qb 7ho] =olth(IAEA, 1980). ©] &4
ofl = LakA ]l F2] A7 8] 771HA] ® 2 o] A A =] o]
At} o5 & 1A A "W (fixed-area method) ™}
Q= B (population density method)2 ¥
Troll tha AlAFsh= wl7E Sk, a7 -] Whe =
o] Q17 BE Tl FEE AT, St A
Z ol 77} 3jekE] %] ok nAE WAS 71w
A3t 7 2] AAFA Y (zone of low population)
ol A3+ (restricted zone) ©] A E|ofof gHh= 7
ojth, =7kujtt 7|Eo] thefshAInt, A F o= A}
£ S W Thm vROLT, FAL U skm 4
olt}, E T}E st EA FH o]Ale] ol t=A1%]
(population center)7} YR Z2HE EAH 77|
ofl 241514 wolop ez Zole), QTR e
ATAEE Hrhshs st AU A 9
S 2712 A4 31 ek SuelA] Fastch A
o] s A= AL EE 54 Y (concentric rings) 2}
1 sccrors)ol 213l AR sok 3 A3k gl
FApe] A= = 7F A o] Qe Zhol %‘741%‘
= A3S o 4 Qe AlQbshar Qlth= ofmjofAf 1

25},

1

2) 0|= NRCe| X|7|1&

u]=+2] NRC(Nuclear Regulatory Commission, ¥
A AL E AN LA W se) g)
2] A L HAE Q)3 7FRF LA A Q) 7] =S A A
SHL Sl 713 59 shutolth. NRCE| A4 7|2
CFR(Code of Federal Regulations, AR 9] 10

H 10078 (2A=2 JA7]%) ol 2 vreky QlTh(U.s.,
NRC, 2012). Table 1-& F 23+ AFFS gt Zo]
=8

714 Fa3t A& Aeshd o Ak AA,
Ak s A 7S R Al 7HA e = )
AT (exclusion area), A 1At (low population
zone), 75427 2] (population center distance) 7}
TAE ] Tk, 53] JIFFAHAE AT dAUTF
25,000 22 A Eof Qlet, E3F AT A=

FHAR =7} ofy g} QI e R %F’—Eﬁ’l%‘
¢l A8} x| olojof gttt A, QSR
HAFZ O A A Q1A T 2] 9 —.73751]74?(] BEE
o]4Folojof gt o] A2 YA B7HY| 7t S8
Q1 AAA RS 8T Aotk AR, AA A
AYEA A P9 o2 L=, QT
Al AUEA| Ao o, AR = A=
off YAIsHoF ghek, shA|RE A Y=o} V=S L
=& AA = o] QUA] Gt 1 E] NRCE
(regulatory guide)—o* A e JAEEe T
AZ QL 715 G 4= Ak 19984 4o 7
3 Al A3 4.77(U.S. NRC, 1988)& 4
li A 50081 /mile’0] YA E FA-E SHL S
oF &= Qlt}, o] AU E g2 NRCO 3#5 44 A|
2(standard review plan)o| = 5 LA AA|E o] Q)
thH(U.S. NRC, 2007). 8.2F5tH, “AADE 50081/
mile® ool HAl YA Q14> 25,0007 S Z6H=
AFSHATE AAA (A=A A AT 2] &)
LBANA Al e 4/3) Wil EAsA= ¢k Het”
& 0] Bl5 NRC7FAAISHAL Q= UA171=9] 314
2ol Abetoltt.,
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3) ?2Li2tE Z&lst oEl ZTH=2 YXIIE
HollAl A nj=f NRCO] A7+
< debol A A= =& ofhe] A4S Al
| ok, d29] A9, AR EHa 9
21964 A= AL 1990 WY H YRR AR AL
A Zl el ek gl WA (non-residential
zone), A AZ| | (sparsely-populated area), A17-UZ
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Table 1. Main Contents of 10 CFR 100 by U.S. NRC (As of 2012). O|=H+&%] 10 100%0i| LIEtLE U=

HAEAH A EE g

Z=Q (20124 7|%)

Sections Contents
10 CFR 100 Reactor Site Criteria
Exclusion area means that area surrounding the reactor.
10 CFR 100.3 Low population zone means the area immediately surrounding the exclusion area.
Definitions Population center distance means the distance from the reactor the nearest boundary of a densely

populated center containing more than 25,000 residents.

(1) An exclusion area of such size that an individual located at any point on its boundary for two
hours immediately following onset of the postulated fission product release would not receive
a total radiation dose to the whole body in excess of 25 rem or a total radiation dose in excess
0f 300 rem to the thyroid from iodine exposure.

10 CFR 100.11
Determination of
exclusion area, low

population zone, and

(2) Alow population zone of such size that an individual located at any point on its outer bound-
ary who is exposed to the radioactive cloud resulting from the postulated fission product
release would not receive a total radiation dose to the whole body in excess of 25 rem or a total
radiation dose in excess of 300 rem to the thyroid from iodine exposure.

population center
distance

consideration.

(3) A population center distance of at least one and one-third times the distance from the reactor
to the outer boundaries of the low population zone. In applying this guide, the boundary of
the population center shall be determined upon consideration of population distribution. Po-
litical boundaries are not controlling in the application of this guide. Where very large cities
are involved, a greater distance may be necessary because of total integrated population dose

10 CFR 100.21
Non-seismic siting
criteria

(h) Reactor sites should be located away from very densely populated centers. Areas of low popu-
lation density are, generally, preferred. However, in determining the acceptability of a par-
ticular site located away from a very densely populated center but not in a area of low density,
consideration will be given to safety, environmental, economic, or other factors, which may
result in the site being found acceptable.

Source: U,S, NRC, 2012

2]t} (densely-populated area) 2 F-E35}0] 1 7|5
AAISFIL ITHKINS, 2008). “Leut 41291 A
Al SALE 2 HAIFlo] 94 shef, 25
ejofe] A9 AL WHLo] A7 712G F2

7] & (primary criteria) T} 2.2 7] (secondary criteria)
2 sl 5% 7120 3 WA AT 7)ES
Xﬂ/\]f')‘]—ﬂ oh:]_ 1 y8-e “.Cg_]x].aﬂ HEA A g_ _—rl.nl
L7t & A9 Aolofl= -3t vz} EAsfof gt
o= Al ofnf W= Fels] AgE ofn|gttt
(Macintosh, 2007). ©]Z ¢JA] u]=- NRC2] 10 CFR
100.21(h) & 83t Flojt}, ¢lx o] Hem= o]}
Argte], HAFE A 500m7HA1E W4 7 A (plant
boundary)=, 500m~1.5kmE HjAH| 7 (exclusion
zone) O 2 1.5~5kmS A5 XY (strilised zone) &

2 +43F9 tH(Roshan ez 2l , undated), T3F A%EX

o ¢ J = 20,000 H}t ZFofol 311, 10,000
go] H= TS AR ZHE = 10km o4 GojAof

3tv, 100,000% ©14Fe] 1A 2E= 30km
ol "olAot 3= A& skl QHHAERB,
1990; 1998).

Soutete] 4% QA WAL ATRE T
& Qx| 7|&2L W WEr| SR TA] A2011-033

AN

(FAZ A 9] 9 A]of] #Et 75 7]% aLA])oll Ther
SHA| YeR Qldl, SrollA] A o=t NRCE] 10
CFR 100,118 &83}= Ao &2 = o] QT (MEST,
201), o] 1%L GAH ez A1%Eo] go] 4y
Ttoll 285t B @ of2gol UTHKINS, 2008)
ol2fgt wAIE s dst] flsf S=dAE 7 s
(Korea Instirute of Nuclear Safety, KINS)2 =] 2] <]
71& 7S SRR st 20119 T2
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AR A 1A 7] E AR R S w1kl

(KINS, 2011a; 2011b). o] A Yehd A7 5 <l

T PR7|ES A R u)=k NRCO| 5141} bl

9 FAkelTE AAAH o g mEeko] A7), At
ARJAAH, At Aol gk A 4, s
A A 9] 514 Fo] ALl FUsHA AA =] St

3. GIS—7]qF et U
UR|7|= H7F B E

=24 717} of a vt <

S A At 9 J?f‘“d AR7|%= Ao 7}
4 Fas A5e %x}a W L7IA o] 24728
Zgisleh=, A9 MAT (maxmin) @] P2 JLS & 4

%E}(Melachrmoudls and Cullinane, 1985; Erkut and
Neuman, 1989; Plastria and Carrizosa, 1999; Emek
and Kara, 2007), ThA] sl =2 @ sof 715
7i7to] QIAI8HAL Q= QIFEF A MR o A E 2
ot Hefstet] Mok Aew, ST A Wel
224 AFFHAE EASEA 9] 2 E A7) A
4 7] 7V E R0 LA R (s AolTY,
120, o] 9121 sk AL ke A
elbelo] b 5 7b) A AL S Elolof o
O A QAFRE gE AU Aol AT
i 89 ) e 45 U o} et
=
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s
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SFACHY, RA71E Fok 013 g
ofulofA] o9 Fagk Atotolch ER
o] ghololc}, ghoflA] Abul A,
£ HolwA] EAlo] ST APFRE Kol
2 A7F Ak 5, o] ATFHUAER

)
i)
i)

=

o o
4o 3o
12 o> O

t|}r
ro,

dc oo
RN

A3 ALY ol 2ol 71 FaF YA 7% 0
AX= e glet. TR, o714 ATF AL uxg
917} ohet Qx| efata o = s ARlolo}
Bk, wheb ATFAAE o B TR, B
ALFHAL] WAL ol g A T oS F
23 ARLo] Eu], o] 2 3 WA A oA Q17
7 o8 AR e Lol WS peke W gict. o
Sl olefd 714 BAIE Brksho] 91a Gls—
7N P2 A A s et

Durfee and Coleman(1983; Openshaw, 1986: 215
A AL 2, 5, 10, 15, 20, 25, 300t ] 674 F4)
3%, 22.5°% W19 167] AEE Aol 7L
W, 7 TR A 4 0 AU 7120 o
o B A2 Akt o714 Zagt 7 Ee

£ a0l gl 1 S A A7 T
Wt Q1 U} SR 715 M} A dolof 3
ik oz} ol QU AEle] T 4 52

T AFUEE B 7|2 M} Q7L Wolof 3
et olejet e AV 2 BARS 7%
& 47820 AUE A ol sz
S _

o

r

get Ql H% [0l 42 F3h L:r"-ci R =FE
712 A5k Qtd Durfee and Coleman(1983;
Openshaw, 1986:2479 4] A|Q1-8)2] 749 AlA A
A HolHE Sy AE o 2ghe S7 B 2
AA Elole = Hekslr] s 72|71 IEEH 0]
A3} A 71+3H(distance weighted interpolation and nor-
malization) A5 28Tk, o] 7|H2 7|24 o=
QARES] U4 o] BEA) ek dolo) 2
ZHRESI(017] Al AN o)) AFE T ZHo)
A el BAE 7 Rolt,

-1

2 el A ] A 9%t GIS—7]
A EOR A EE ofoj2dd qlEEH oA

=760 —



(dasymetric areal interpolation, ©]3} DAI) 71H< A
o+l 1A} g (Mennis and Hultgren, 2006; Lang-
ford, 2007). DAL= tHAIHIES vl =g} ofoj=] < <1
ElZYolde ARt 7ol A1 thAIm =] uf
B oG Mot 374 AW S VA e HxE A
HE ARgsto], s W] 2 aj§lS Bt At
SHA| A& dh= A =3} 94" 2Ju|gth(Eicher and
Brewer, 2001; Mennis and Hultgren, 2006; Lee and
Kim, 2007; Kim and Choi, 2011), ofo]8]d ¢lg&
glo] e “shute] St AAR SR A AR
(2 dlofE)E A3 AA EYAE Hol= & ot
£ S AAIEH dlolE) & debshs g7
OJu] g+ (Goodchild and Lam, 1980; Lee and Kim,
2007). tHAHES visg o] A2 3 dubala 7]
229 dare|E2 2 g o] Qlom (RpAIRE ARt
2 Mennis and Hultgren(2006)3} Lee and Kim(2007)
=), oot I Ee o dollA 7H d 2] AREE
Q= M7 7} (areal weighting method)' 2] A13)
SheE 55 o] ITHAMAISE AP Flowerdew
and Green(1994) %), A= DAL 7% A7 &
A 5HA] o= 7 TlolHE Astaat sh= olole|d
& ol Ao 542 A5t St S A el
A Bz JRE AHs] AREShs tAIMES i 7]
WL 0] 835}= A o|th(Flowerdew and Green, 1992;
Reibel, 2007; Reibel and Agrawal, 2007).
QATRES] Aokl ST BE 913} DAI
7o) LR AL We P MR AYaE o
83 2o}, QA= e BT 71 2
FURSIGR 23 BET T A2 T
QA7 HlolE} 7|22 EAI0lg ARE sl b
oF U P REES 245zt AL, ofo]
219 Qe EeolHe TR Th AR ThE S
Agsht) AgEIC, of 1] ol
8T AR HF FHRS7L FAH 2E o
gfehs o] Tl FRalth, sl DAIS 54
A ol gl BE B e 7|io] 2 4
7] wiizolt}, o] 17| = o] A FLE o]
HYpE gl Taeje Eel e o] WE HlolH Y
S Qlek, FollA AwEAAA N A= e £

YIS Slot GIS—7 |8t g ol

A 3]’*‘5 HFAS 213 (Lee and Kim, 2007).
= 299 24 279 5o
FUSES Folok oh 37} 4 A
oI}, weba] B Aeje] 45

a7 kAl ol Aok ey, gHelAhEet
ol AAISHL Q= AR ol = o] &} A
o] AlA o] ATHKINS, 2011b:4),

10 o=
N

N
oﬁ

rsi' 1
iy

_I

o 1
Lo T

=1 1=}

AAY vz NRC7} #4312 01% AF
A Q14 25,0007 ol Afol A 1
22 0 & 50021 /mile’o] YAUE %lé_‘%
ol A o= ®elrk, o] & km? S 2 gHilshd of
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Figure 3. Detection of Population Centers Based on the Cell-Based Threshold Density Method.
M-7|gt AALE 7]Hof o3t QT AIXI| SOl

=765 —



@ Reactor site @ Reactor site

D Population centers D Population centers
Density(persons/km?) Density(persons/km?)
I:l Non-residential :l Non-residential
I:l Under 500 I:l Under 500
[ 500-2,000 [ 500-2,000
I 2,000-4,000 I 2.000-4,000
I 4.000-6,000 I 4.000-6,000

F e I over 6,000 1km I over 6,000

(c) 500 500m (d) 250%250m

@ Reactor site

D Population centers

Density(persons/km?)
|: Non-residential
[ ] under 500

[ 500-2,000

I 2,000-4,000

@ Reactor site

D Population centers

Density(persons/km?)
I:l Non-residential
[ ] under 500

[ 500-2,000

I 2,000-4,000

0 s o I 4.000-6,000 T I 4.000-6,000
1km Il Over 6,000 Jkm I over 6,000
(e) 100X 100m () 50x50m

Figure 3. Detection of Population Centers Based on the Cell-Based Threshold Density Method.
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Table 2. Some Characteristics of Population Centers Detected by the Cell-Based Threshold Density Method.
M7\ A 7|Hol 2let elTSaXle E4

Spatial Resolution | Population Centers Area(km?) Population Populacion Der;suy Decision™
(persons) (persons/km?)
West 12.0000 88,243 7,354 o
1X 1km

South 24.0000 82,969 3,457 o
West 10.6875 88,375 8,269 o

X
750%750m South 20.8125 82,549 3,966 o
West 8.5000 88,247 10,382 ]

X
200%500m South 15.7500 81,990 5,206 o
West 6.5000 87,669 13,488 ¢]

X
250%250m South 8.1250 68,430 8,422 o
West 5.3600 87,677 16,358 @)
100>¢100m South 6.0600 67,716 11,174 o
West 4.9350 87,527 17,736 ]
50X50m South 1 2.7700 32,522 11,741 ¢]
South 2 2.1250 29,441 13,855 o

* O means “acceptable” in terms of the critical distance criterion
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Table 3. Some Characteristics of Population Centers Detected by the Area-Based Threshold Density Method.
Fo-7|ut QAU 7ol oI5t QIRBAKIS| E4

Threshold Density Spatial Population 3 Population |Population Density .
Area(k ©
(persons/ km?) Resolution Centers rea(km?) (persons) (persons/ km?) LR
North 13.2500 39,790 3,003 o
250X250m Midwest 16.6875 93,182 5,584 X
500 South 17.3750 85,373 4,914 ¢}
West 5.9000 87,830 14,886 o]
100>100m South 7.0600 69,535 9,849 0
Midwest 16.6875 93,182 5,584 X
4000 250%250m South 17.3750 85,373 4,914 o
’ 100% 100 West 5.9000 87,830 14,886 0
m South 7.0600 69,535 9,849 0
Midwest 11.1875 89,671 8,015 X
X
5,000 250%250m South 8.5625 68,636 8,016 o
’ 100% 100m West 5.9000 87,830 14,886 0
South 7.0600 69,535 9,849 0

* O means “acceptable” and X means “unacceptable” in terms of the critical distance criterion
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Figure 4. Detection of Population Centers Based on the Area-Based Threshold Density Method.
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Figure 4. Detection of Population Centers Based on the Area-Based Threshold Density Method.
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