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The Analysis and assessment of H-3 and C-14 radiation concentration in

pine tree ring around the Wolsong nuclear power plant
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Abstract

The sound ecological environment around the nuclear power plant is essential to the acquirement
of residents’ reliability. The concentration of H-3 and C-14 in pine tree ring is compared with the
operating data from Wolsong nuclear power plant. Also, the annual concentration change of H-3 and
C-14 in past atmosphere, which is socio—environmantly concerned with, is estimated. Besides the
H-3 release itself, various factors are proven to affect H-3 concentration in pine tree ring, whereas
C-14 in pine tree ring is affected by mainly wind direction and C-14 release. In spite of increase in
both plant operating units and operating year, the measurements of H-3 and C-14 have been
reduced annually due to the safer plant operation and periodically preliminary checkup. These data
help supplying scientific reliability of operating and environmental radiation data from Wolsong
nuclear power plants.
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<E 1> AXZo Hejol ME AESL MM

A2 & H- A% (C/MW/y)
BWR (Boiling-Water Reactor) 20
PWR (Pressurized-Water Reactor) 19
HWR (Heavy-Water Reactor) 172
MAGNOX (MAGNOX Reactor) 26
AGR (Advanced Gas-cooled Reactor) 18
HTR (High-Temperature Reactor) 15
FBR (sodium-cooled Fast Breeder Reactor) 32
2. AR AMO) Y BEA 54

LA 57 69 Col= AFF7t
th. o]F PCst PCe AEAYLE AAEA H&o] 27 98892 %, 1.108 %oltt.
ag)a e, e, BeE w1 247 191 s, 2042 m, 2.4 sQ1 WA 59 a o],
MCE 1930 thel dukg-S Bale] EAC HeAel FSHEglon, 1936 ~ 19384

M. D. Kamen©] "N(np)'C #ntsaA+= 3 YCe &A= oy’ > 1617 1o

Zy7y 10, 11, 12, 13, 14, 152 6719 =9 4271

= No=z BaEg o HoouyX 7}t 0.156 MeV (H oy = 0.045 MeV) YIRS 4
1o, w77) = 5730 o) o
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o Hi FAA AAFEL ~22 neutrons/cm” - so] WY, Ao = ww Aol ~51x10%
cm?ol 2R MCol AL ~112x10" /soltt. e e Bage 16x10" 3/g -
solt, MCeo] WA T Bt FEHS o] FAL v AT o MCE:FL <k 70 t(eF 300
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<E 2> ZIZ AXIZo|Me YCc MANE

7+ Wl Mco,z atatEnh MCco,= PCO.9t  stEta do] 9%
shd ¥

1 O
&=
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AZE el t7] COZ0l &

slo] A

“C production rates (Ci/GW - yr)
reactor
coolant other systems fuel
CANDU6 10 moderator D20 730 26
(600 MWe) CO- annulus system -
CANDU 13 moderator D20 547 17
(750 MWe) - with CO, annulus system 0.7
- with Ny annulus system 650
BWR 47 cladding & structural materials 43.3-60.4 176
LWR 5.0 cladding & structural materials 30.5-41.6 18.8
LMEFBR 0 cladding & structural materials 12.8 6.3
HTGR 0 cladding & structural materials <190 12
<¥ 3> CANDU-600& (600 MW)2| H S
“c MM, MH Y wEE
HHA 2l 33 & (%) W 8(%) A AL (%)
35 71 A 0.13 0.13 0.00
<5 A 95.20 3.77 91.43
1A A G 1.30 0.00
AT 3.37 0.00 0.00
3. MCe d<d
“ee 1 o) FelA FE A4EH MCY AaAAe F9d el
foe A E FAsE Aol AR Fow AA FAUA wito
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1. A1EA3

LA 127100 M FAM(SW) B F

850 m A|H (&7 129° 28107, &%) 35° 42

207)8] AURE 1 m HE2=E 35E Hdste AFAS AT AFT AUFE ol

cm FAZ FEHOFT HAsta, YolHER
&

ole] ARE AATH AR 1

<APZ> ®F T LLF AR LO[E| HEHH
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<AlZl4>£ LR LIO[H| AR & SEERE S0|& MAHSts 25

2. a-cellulose =

AF e AU yolHlE ofd At YEH (sodium chlorite, NaClOg) &9of] Y1
60 C= 7Fdsto] yolelE FE=gA whE F upgZE UolHE Y FEoz 21d
sl Fete= volHIE voldEl MR oF 300 g¥ g WAt Zekd volEle= ¢F 0.5 mm

A8 FHAg F o ghE 2 Lol o5&t Hol Fo Avy yolEHl £ F3& A
Atk g2 S/ 2 Lol of 9424t YEF 120 g ZAHacetic acid) 5 mlE
A7tk & Ao HolHlE &4 F2 F 6A1ZF F BT ofdAA HEF & ¥

1o

o] WEte] ALHE holH %o ZAi(lignin) 5& ¢33

o] Fole HABE& 43

AAGFAT. 175 % TG ER (NaOH) &Rl A 1A7F < 39 cellulose ©] ]9
Eees AATS § S7TE oA pHYF 40 HES otk ol A dojd A
AAES Axste] £5F celluloseE 5ttt oled statdx g #HA4LS F3 o

ol =53k cellulose?] 3F&LS 19 ~ 26 %o}
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3. *Het “Ce] AA
1) *He|] AA

24U yoldHl F9 OBT WAbks %5 S48 $18te] %3 a-celluloseE &
AAZ7I(E=E 2 FD5E0S, dah)z e 4= a9 5¢F 22 gt
2 300 psie] AFAEL7IANA AAse] OBTE

T R st 235 FROEZHE A& a-cellulose®] T &2 0.36~
044 L/kg-dryol vk A3 Ao ddxe R #F71& AAE 3t KMnOsof

NaO2 A3 HA7IsE & F5Hele] 98 3 ccd FHAHAS 20 cc £ HEZE nHlo

M
o
e
=
g{r{
2
X
o

&+ (teflon—coated plastic vial)oll o} 17 cc®] HAAdHA (HiSafe 3, PerkinElmer,
Inc.)¢t E§ste] AS8& A5E AxAT

2) Mceol AAF

MC AAY ZAE COp 12 TRAA, CO, 22 TRAAXE P4 COp 12 X
AAA = 1A LAX](Parr, Model 1121), A3}, CO, 1% 22 XHHOZE FA Y
Jorm FAEE ¥ 33 2o ngdirFdAE HI7t 55 Lolw A 8] &gkd ol
3000 psiolth. LA A o] FYate ALAE £%57F 999 %o AAE AREY

9 53 NILOH $91& AHgstarh
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AF&-5F gl Tk - TxEks 29 59 2ok CO. 23 =R AA= 1H
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(0— 3000psi)

inlet

outlet Needle Valve
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4, AAGBAF7Z o &% *Hel MC WAL =7

1) AAHFAF719 4

71 4% A (organic scintillator)®] 41337 (scintillation mechanism)> @ &2t
o] oA F9 Alole] Hol(transition)d] <odA ATE oA EAe FFH
(molecular species)ol] we} AR 7] wiEo] 7 E8 3¢ Fehets FHAeH, 7] A
FAY] A4S 19 63 2k

AGA ol oYX 7} &4 7] A A (ground electronic state)] #xE= 5% AMH

(excited electronic state)® o 7] W (excited) 18 6°] YERH v} Zo] WHEA$

—

(internal conversion), A3 Z (fluorescence), A7t =}(intersystem crossing), <1344
<= (phosphorescence) #3525 A 7IAGH = o2t WFAE2 o7 E o 4t
7 AR ES stekAl @3 HA AV EY VAR AR dojus A
olth. TiollA 71 A ZH = HAArol7F dojd o W&y = 2132 T3l (Triplet State)
7} SiAHEl(Singlet State) 2.t} ol Y x] =17} w7 wfEo] Ao wvls) v 71 939
HE wEetal Aol Agke] o Aok webs AN ZS A= ol AAHE
ol AAHe] FA dojrk= A3 (prompt fluorescence) W& Az = FHel AlSel o
&

SHHY, B Ao Ao WAE AZS 93] PerkinElmerAlol A A 2
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Excited State = - T
S

Excited State _ --F---{-p- g Intersystem Crossing

P
A
v

Absorption
Fluorescence

Phopshorescence

Ground State So" B R I !

Singlet State Triplet State

<13 6> RIINTAL MDY

2 Ao Het MCo WalerE A4S $skel 05 cpmZHA AlZe] Thed
A=9] AA G A7) (ultra low level liquid scintillation counter)?! Quantulus 1220
(PerkinElmer, Inc.)& AF&3stgon, 7 AX9 MIFes 18 713 2o AXE &5
A3 R eREH F4E 5 e #Arbdel 9% 4F 55 =07 Sl HE FAEARL
2 3 4% A A (passive shield)?} #EF(mineral oil) 2 AFAS 4L 55 29
Al (active shield)E& ©]&3le] olFoz A Ut &5 A= A=7F S4
© #A SFEY FAZE 20 cmeol™ AAFAZE 630 kgoll @k HHAFHZ 4
Ho] Qi 5% A A= A5 7] (beta detector) S FEHOoZE AL QQojA QJE=

FEO 74 5o A FAET] F9e A A 9 Fell AR H o 3= TFEAST

24

(guard detector)e} FAIF719d 93] A ASHa o] W 7f=EAF7IZ2HEY MEE
FATF7] 2152 ADC(Analogue to Digital Convertor)®l inhibit A& 2 Fof FAG7]

o] AEz=HY FetA wtEo] 7] A (background) AlTE €9 + U=F At
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Cadrminim

Liquid sointilmtor

- —=1—

Copper

vial. ~— ="

o priai

SO, GCHN, ]
T LIHIT I—I
I l 1 I
SN AP

IRIHIE T I I
AaDC
M B ||/I\
-r'..-"'-
RACAT hCAT
Half 1 Hall #

<ag 7> 4¥PSI H=

2) *HY WAbs &7

A %3 A3 33 &3 (chemiluminescence)ol 3+ A} A5+ (similar counting)
E Fo7] 98l AT AAEFAT7] (Quantulus 1220, PerkinElmer, Inc.) 9t 9
Il 24A17F WER e & 7] A (background) Al &9} ¥+ (standard) Al &<} 4 ZHzF 30+,
60+, 104 103] HkE-slo] 300+, 600+, 10057t Al=sth. 5U3t A A 7ko] 2

FAIZE 18] S48k ARts o2 3 NbE Ao mpgAsiy, SAHA ToA ol
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3) “Co WA 54

TRl de ARE J1A AR @A FAZY AANFAFIE 27 302, 60

B4 203 whEale] AZalel 7t AZASOIA 22508 Holus A=A A9l e

dde] FHX N, Ny, N3, - N; 7} A5 7FE Wl po ABHAAN e o

(1)

_J (Z—N1)2+(;_N2)2+ ...... +(;_Nz‘)2
- i )

on FoIAE n—ko(N<n+ kool W Holuhs FAA L oA R pFae] A

AT gl wE SGA ] AHES 3 4ol Mok 2ol F

1.64= Asto] SAHA7E 1646 Hell A& &5 =
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<E 4> poA™HOIMOl ol mE SHR|o| Al
A 1.00 1.64 196 2.00 3.00
Nk 6830 % | 9000 % | 9500 % | 9540 % | 99.74 %

%Xé }\]JEJ—Q/] %Xéj] : nsly nsz; nSB .... nS(WL*k) (3)

7V A5 FHA D ny, ng, ng e 7 p(m — j) (4)

_ nsl+n32+n&?+ns4+ """ +ns(mfk)
Nyt N+ gt gy + e T % i)
b Kom— ) (6)
o, njx] A7l +=AFE (¢ [cpmles

c=(a—b+to, (7)

oltt. A71A o= EAFE] EFEHAE
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o=\ T+ T ®)

2 vehgoldch webd mx Alme] MCeh WA EAE, TFWTAE ¥ OBTA =
o] "He| WAls 5% A [Ba/gClet A [Ba/Ll, A [Ba/kg-freshl=

A= m [Ba/gCl (9)

A = m [Ba/L]

A = —”Cf% [Bqg/kg — fresh]

_ (><'Q><K><£é o
A = < V<60 [Ba/kg —fresh]
olm, o714 = AZEE, Ve ANEF [g] Bt AR [L] v ¥F, st ARSF
S8 [L/kgfresh], »= DEE [kg-dry/kg-fresh], .= AF5 F4& [L/kg-dry]o]

b, 2ela HAHEWANs (Minimum Detectable Activity) MDA [Ba/Ll =% MDA

MDA = —77%\/ (Ry/t)(1+ t/t) e (10)
2 FojAH, 7|4 Ry W astEAlRe A& [eps], fhe 7I1A AR F A

AZE [s], t2 MAAES T ASARE [s], Ate A BAFTE AS7EA 9] A3t

[s]e] .
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&9l OBTS] WAks ko,
A5 F 5o YERATh 29 84 B 5 ko] volHl T OBT WAlssk
AL A7 AFE AR 19839 % o] dol= At 421 Ba/L® UEN oW 4
A7t NG F M3 F7redrr 19899l HA3 Fhske] 1997 ol 3934
Ba/L7MAl 57k 7F #aske] 261.2 Ba/L7HA SolA & ZAgo 2 el

A\
o

aly

HE

<HE 5> LI0|E|Z2| OBT2} C-1429] BAlssE

g |OBTRAS S | ClAbs s s | | OBTARS 5% | C-1WAFs 55
- (Ba/L) (Ba/gC) - (Ba/L) (Ba/gC)
2000 261.2+5.6 0.576+0.008 1989 198.4+6.1 0.441+0.007
1999 274.8+5.9 0.650+0.008 1933 114.645.0 0.353+0.006
1993 310.7+6.4 0.596+0.008 1987 76.7+4.8 0.334+0.006
1997 388.4+6.9 0.641+0.008 1936 66.8+4.6 0.320+0.006
1996 393.4+7.6 0.673+0.009 1985 76.5+4.9 0.331+0.006
1995 361.1+7.5 0.633+0.008 1934 51.1+4.7 0.314+0.006
1994 349.8+7.6 0.628+0.008 1983 34.9+46 0.295+0.008
1993 320.0+7.6 0.604+0.008 1982 45.8+5.0 0.297+0.006
1992 264.1+7.2 0.552+0.008 1931 435+5.2 0.297+0.006
1991 264.0+7.1 0.519+0.007 1980 37.1+54 0.297+0.006
1990 222.4+5.6 0.468+0.007
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