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ABSTRACT

A Study on the Clearance of Large Metal Wastes Generated from
Decommissioning of Nuclear Power Plant

Jin Ho Son

Advisor : Prof. Chung, Woon-kwan
Depar tment of Nuclear Engineering
Graduate School of Chosun University

Currently, 25 nuclear power plants are operating in Korea. Among them,
Kori Unit 1 was permanently suspended in 2017, and full-scale decommissioning
will begin in 2022. And 11 nuclear power plants will be permanently stopped
by 2030 if the |lifetime extension of each nuclear power plant is not
extended. The IAEA expects a total of 6,200 tons of radiocactive waste to be
generated when dismantling one(1) PWR nuclear power plant of 900 ~ 1300 MWe.
The amount of metal radioactive waste is 4,150 tons, accounting for 70% of
the total waste. Therefore, if the metal radioactive wastes are properly
decontaminated for self-disposal and recycling, the economic feasibility of
dismant|ing nuclear power plants can be improved.

In this study, the RESRAD-RECYCLE 3.10 computer code was used to evaluate
individual and collective doses due to the recycling of radioactive metal
waste from decommissioning stages.

The radionuclide concentrations of the metal wastes used for the dose
assessment were cited from the Kori 1 replacement steam generator dose rate
analysis report conducted by the Korea Electric Power Research Institute in
1998. The total radioactivity of the steam generator is 3.3 TBg, which is 5%
in the water chamber and 95% in the heat pipe. The decontamination
coefficient was 1,000 and the specific radioactivity of the heat pipe after
decontamination was 0.18753Bg/g and was excluded from the evaluation.
Accordingly, it is assumed that half of the total weight of Kori Unit 1
steam generator is recycled.
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Individual and collective dose assessments were performed with increasing
decontamination factors from 100 to 1000 to 100 units for recycling steam
generator metal waste in this study. At the decontamination factor of 100,
the individual and the collective doses in shielding block scenario were
15.300 pSv/yr and 1.53 x 107 man-Sv/yr, respectively. The individual dose
in the automobile scenario at the decontamination factor of 100 is exceeded
the legally allowed dose. In the bridge scenario, the individual dose is
0.023 pSv/yr and collective dose is 4.99 man-Sv/yr, and the result shows
that the collective dose in this scenario is exceeded the legally acceptable
dose. However, when the decontamination factor was above 500, it was found
that individual and collective doses satisfy legal limits in all scenarios.

In conclusion, the recycling of metal wastes generated in nuclear
facilities is negative in terms of inhabitability, so it is appropriate to
use recyclable metal wastes as materials for shields, devices and disposal
drums of radioactive wastes in nuclear facilities.
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ESAE 20l A0l MZ =010k 8HCF.
= W2 SXFAEL0 CHoll LA MoiMII=S ot &S

J

4. =<
S0 AHOHM= Atomic Energy Act2 RPO(Radiation Protection Ordinance,
AL ZHSE)U AEEH U220, AHSHH ZFAE ZEE A AMESS2
RPOOI HAIZIHRUCH RPO= HFEHE2 Basic Safety StandardsE EtZotll UL
O, LX) SSKIt 10 pSv/yr JHQIE S L 1man - Sv/yr & JIE0
Ef=E 2

2015101 DB HEY FHMHSTIIES 5D UCH AHMHH
SIOIL ALY LEEE B SH N8I 4 UC

SQUM= EEs £ IJHA AUl 20 [Hetd S8 = 20!

= TAHEZ AHOUHA
Held = JAL2H, 0l =HF AHMoHM = oo HHE 0 oi&ot= 210ICH. OIS
S0 HOIZ2 ZMXIt SE HOIS2 E S40] Mg = 2202t ZEEsS
gse = ALY, LerHel FHoiM =20t Otel AMlietE 2F AlLel20A 23 &
HHoHMERIE BHES =+ UL HE =0 S8 HE LeHHQ A HMoH M =Rt
0.1Bg/g0ICiet= OHE L= 4200 e MoK =?= 4Ba/g, MEES <&t
=232 E80 HolM= 0.6Ba/g S2& AlLtelEz &0I8 JIEXI HedE =+
UCH. RPOGIAM = OldEr NS MM HE HasS "HEE f= L2 E0A
of DMHIIE ME" ¥ "#HesS Ddot= H2" S22 Hostn U
2001 GtEHIIRH AT A= RPOOIA LEH MM Haez ¢Hgotl

_16_

Collection @ chosun



rr

Has

ro

A Ct2 ZCH4,7].

@ 2t 1,000 E 0I12te] D& S22 MHEE, HoI8 L= W
@ 2t 1,000 ES =ote H29 MMl EX

@ Mol = ENHt= H2

@ JAXAANE 22X (BH =)

Y222 "Me|YUAIEFAFE 1999"E =0t EU Directive (96/26/Euratom)S
ot UM, HHOHMH & AMHMY SAIEEIIE HE S0l 28 F2 A

Radioactive Substances Act 1993(RSA 93)0l AE O UCH. £t Radioactive

Substances Exemption OrderOiAE S& X2 Oteliol A= CHYst 22 L 2200
CHet HHGHM AFEESEE2 U210 UCH. NSAMAAHE ELEs RE MAAHMM N
ZASS DHMa SH0 st LEHEQ AMHMER= USLAMLHSH oA
0.4 Ba/gOICt. RSA 930l (=EH, MHALAILHSES SRst DA 222 MK

&). 0.74Ba/g(E&), 0.37Ba/g(Ra, Pa,

ME=2= 11.1Bg/g(Rets), 2.59Bq/g(E
Ac, Po S JIE} EAHEAIASHE) S0|C}.
H¥=2 2007E  OH LLwel  AD|2elof 28 HMAHH  (Department

Environment, Food and Rural Affairs, Policy for the Long

for

erm Management of

T
Solid Low Level Radioactive Waste in the United Kingdom)S ZEoIHA, JI&

S &EE0l =MER2 SAMd=EUE 7ot Atks i, 0l= HI|

o
g Bt =22 NISHotE A

OlE Sofl LLWS| ot HZ A VLLWOI CHet Z2IE JH&ot) el VLLWE H
[=2

JlZ2 HEZN M2 = UAEE FHMs =FotUl. =, EC2 RP 122 2 A0
HAIE #HEE AMNMIIE =& HEG6tD UM, L&t 0l B2 S HES
HOIZ20 toldeE =20 et J2gds AsSsetn AUCH
Ol 222 SHELAHIIS(LV-VLLW, low volume, very low level radioactive
3

waste)Oll CHoHAlE 0.1m° & Z2AFSO0l 400kBg OISHOIAHLE = E2AFS0l 40
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kBa OI2H(H-32t C-14= Ol HMIStXISl 1068 MK 3E
diJILE ASHDIS SH =58 40 HEE = UAE=E ddSct) UL &
=l

HIIS0| 2ME AXSAIE 22X 2AR2 HIIS0| BHEE Ol=0= M0l st

EEO NetxAH0l RUEX 2=Ch
StH, e ZM=AMIIZS(HV-VLLW, high volume, very low level
=) PN

radioactive waste)2 E& HE &0 StAGIN HEE = U= HIIS2A ESEA

s =5JF 4 MBg/ton (4Bqg/g) Olate!l HII22 HQlECHH-3= 0l HMESHXI2l 108

DX olg). g HIIS20| YME XS ALE X ALZ HIIS0| &S 0
=

Ol HAQ MetEA0l RREChs HOIA LV-VLLWRE XHOIDH UACH4,7].

00

6. €2

g2 g sz 2E8E HIJl== WEotHL HESoo| fet 2erXel
JIEO0l R#H2LE, 2005E <0 HEOI HEION “HHHM HE” OF SLEU
Ch. &M MoK HadESsS =350 23clEZ stEs6t) JUXBH AFS XSl 29
of et 22N, SctA8R, 127 st €2 SF0 UHolhe 2tUHEEsS BE
SOICH. St™GiCt ErHE MoK =22 L HIIS0 &=cl EY6tH Xel
otk &0 XS 2 Il UWHlA RAB2Z THOIES Aot UL 012 S
of &g &) 2UHES Sl AEES 250 =842 =010 ACH4,7].
7. 01=

NRC= MEAls2 DH& =20l ol EHECZ MEZY == U= MM DI
0l AU, 2t XN&EW OE case-specific JIES 2HZ 2 DY =29
40 et RHHME =06l MetEez 80t UCH. XNZAIEAM LMHE
QY DHHIISS Reg. Guide 1.86(Termination of Operating Licenses for
Nuclear Reactors)Ofl (& 2T TAZ I NAHYAM =AE Zots EAISO0I
BEEA H= B0 stoltd #HOUA M2AE = UCH. BIRKNZAEUHA 2=
HHLE DXNBEIISEZ Reg. Guide 1.86 Table [0l MAlIE =& 0I8tel 22 A

0
A M2l = JU2L, US NRC= AIEXZ otiad &FYASS HMIAGH| <8
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a8 5. J1J18 olgst g Mg a8 6. D Mg
3. SctAE HMZE

= NZggs UE JIJIS=S MEotd =548 HII=2S MEEot)| Aol ALE
ot MEJl==2 00, =ctAE, €3 =ctAE g4 SctAE S0l AL D =2
Ab SRS SS0l DIZA &EHel ADM(LR0IU, Sty 2 OFQUIEOIE S)
E S0HEN 2R S=2 NMBSUE SHAIls SEOIC. 282 20 Tet
SHHQ Jl=0] 2 £ UL, H2 22 2XHII=SS LHAZICH MG HHE2
S2H HSUH MEE HOIHMESE dZ =22Iott sl=8t § MHAIE IJtsotn M
SO Ol AA40 sA422 LD 200~ 3008 =2 MEAH=E &
=80 £ 2Y A0 =20 06d ME0l HE0| Jtsotl, MG Hatol FA
Ol ZHGHA &€= &0l UKL 2E=2 D IJisdy 2FE AOHMO 28
HEO Heg, g 2XHII2 24 Jtsd0l AT I8 72 =240[0t01A =
CHAENMEAYES 2010 UACtH6]
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8 7. E2H0I0t0lA

o N

4. =8

TSI UKD =3H H0 83 SHU0 28 WEtS I 4I|H
HHHMNAM 2RHC=Z At Scld 01 ASsth. AIEXH=E =3I S92 20~
100 kHzOICt. RIS A XH= Piezoelectric crystal OlLF Magnetostrictive resonator
b AFMEEMH, ME 252 0T A 22 = UL MSBAH=== 100014 €=
= A2H SSHE &HItol MESHE =<2 = UL, =20 MEe 428 %3
LHOIA AtSote 28D Olsd 22102 OIEoli0F 8ttt dE2 22 a2 2
HdL 22 S0 JAs SHIb =2 UA0ITH. HII=S2 20 o, XS
Ol E0lct] 2gstats dXg = A= ZFEOl JAXSH H=9 H4F0 o M
SO A E2XDl 20 H=2 =& ZAHS Ot MBote 240l SK6tCH
Ote E8=2 =3It MIES fIst 18 9= HAIOH Kalinin NPP HZCH
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2. LOMI

Low Oxidation-state Metal lon(LOMI) Z2X2 H20A MHLE ZHOZ2A V*
022 VIO 2 ASHAIIIHAN RAIMAZHO F0IR2 ZHA0l 28 Fe?0l

202 22 A9, vanadium picolinate EEHS VPE 0|25t= ZXFO0ICH. 1990

TYAOl Dampierre NPPOIA == SIIZdI| WHMOUHA AHESIH SIIZAD|
HE ol=e MBS =dotAd 70 0latel MSHF=E UL, FII&S ALS6H|
=0l Jigs+=22 HASUHA Sd& O &dat=2 MAGH| HAF LOMIE AtE

ol Hol 24ats 0|28 2A0| ZR06tCHS].
3. Alkaline Permanganate

ME&E M= KMnOs (1,000 ppm)2F NaOH (100 ppm)2 =2 Moz RAECDH, pH 10
~11, & 95 TUHAM 6~ 12A12t S BESAIZICH. AS2 MFUEUNMN MEEH=

Moo X222 YAls 221 B&ols 420 U2, FE20] HSH G
0o &ROIDZ2A ASCHHUAE AUECZ 2 HYEHL, SCHHANE &2
MEH2=E B0l SH0| A=d JHE 2 0l8= Mn0Ll HEX A 2oz %
A& LCHB].
4. Nitric Permanganate

=2 Z2H9 HMYM= KMn04(1,000 ppm) 2t HNO3(200 ppm) 2l S22 Mo =2 RA L 0
ASH, pH 3~4 2% 9B T(200°F)0A 4~6 Al2tSOH BIZAI2ICH. AE8AEIS
(chromium oxide)2 MnO.0ll 2o ASEEIOf APl Cr0,01=20] Oty HCro, OIS =2

EEEC. AZRUA Mn0s= pH 10~ 110IA ZCH pH 2~30IA GO 28 &StHIZ
A&ot)l =20l NP2l &2 pHe O &=/0Q &ats JtsotAl sttt L pHIt
S0 EAO NOIF EMHot2Z APECH EAESI O &6ttt %2 pHE Mn0,2l At
M=oHE =&&tCH Metsd, AP SEE At8cte ESREN NPE AI8E 22 O
22 M0t o =0t

ML= &A= Cr0:2 &SHE FEGHIEC0=E De20lM JIMe oIt &I
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5. CORD-UV

T2A  AREVA(SY SiemensAt SH&)UIA ISt CORD=  Chemical Oxidation
Reduction Decontaminations 2|0IotH, |REXNAUHAM E2 MESLES 21D U= &
& HMESHOICH 0 sF2 &2 LSINE AMESt 020X 38 (0Zone/0Xalic acid)
CZRH = =l, 2LES MM 2RSSt =& X&ol= JI=H2 H3Sez
oI & XMZAl= Alkaline Permanganatedt AFSIMIZ AFSEIRUCEH. 1980 SEHO
ASEHIE  permanganic acidZ2 CHAIGIE D OlS= CORDZE BIRUCH. THA Disst &2
FOIH =2 4312 =332z F4EE= MY SFO0IC.

2 ASICHH, SRS SEE0 A2, MSSHHNAE KMn0, =2 K
22 20I2+X=2 MASHH HIn0,E ZHME22ZM &3t Mg = MEHABSS KO

3

r

22 MJole LA ddte HXl 2dEs 22 = UL Yz Sadt
£ ZZaM(W-H0) AIZ22ZM LAIEHDISS S0I2+X12 s =2 5 AL
(6]

HMSguot 30 & HAZ S5HBEHSE 22 = YAS 22 otLet MSH
E HAMES2ZMH M0l 2gt 2xF HIl2S &J/822 22 = Use SC M8
S U20A HLSIAUCH. Ce™ 0122 STt 2~5 M2 NsT SC SH2 ol &
HSHSUH =2 AISE0, 50~100 mMMel == SC EXH2 Ml = £5 & Il
HEo ArEEHeEd, €2 = JAse M8H=+= 1,000 E==2 M e SUHO0ICH
0l SC MIE&g= JPOR oMl Z2HME = = ofidl & HSHES & oidl = F3AH
A0 APEE YEHO=ZAM MESWIt 30 M0 S8k 2xt HII20l B A7
2ol JIXIJF 2 N2 EPILZRULCE. 0 JI==2 350282 AstatAE S 0/E6t
= Yo Ce'/Ce™ 01242 Agta D ZAo AZdlsE 0I8ots S&01J] M
201 Ce™/Ce® 01242 AgIEASHE2 MESS0ILE Ce¥ 0l22 Ce* 0222
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MHAADl= O 2 e &

MBI =2 S2H0I222AM Ce™ 01201 HSHTAD, BASHBCE SANA
Ce* 0I22 oHH S0l JCHs 2101 LYSTO A0l 20l AFZECH MES0 22
= Ce™ 0122 MMZUA ASEI0f Ce* 0222 l=0l, 012 201 MEXMIL A
= HAEO 2= MES22ZMH MEsle sgas =8 MEHII=S 2LsAIZ

= UACHS].
7. DfD

Decontamination for Decommissioning2 2/0/2! DfD MIEZSEE 1996 EPRIOI
N X SHME <ol s MSSHO0I0 1997 01= PNSAHOIAN ASHE GIIIHE
E|SOIQICH. EPRI DfO(GHA ME=H)et =cl= 0 SE2 2M &429 HE U0l
AHQIAZD Alloy 600 & 3N =EFESE MALZOHHLE HIZRAY HIIZZ
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et 3282 SoiA =& 0| 0IF0AT

tE =20 MEsS &g AXH0| A= Alaron Co. = EPRI DfDE 0IE0l0 =
1242 AR AZ SUWEIIE MGotACEH. 0 Suetilel 2AH= 2F 3,500 kg
Ol =J| ZAMd =& 5~10mSv/hr2 401 SWEI|C YME =FES AHNE &
A @20 &g = JAs &2 &N E=J| ?ol S8 =+=2 EPRI DFDE
30l HSHUCH. MG 2= HEEA & =2XE MG S8 =7

0 SUWEDI| SRAY OWIK= MAsS EX E10 =S = AN SHACHS].
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2 4. StEME 3EE E4 Hlu
M 2 gt | CAN-DECON & LoMI & CORD & SC HYZH
o= (EGBY - -
Hoo® | MU AL b | wao ey | oo MR EE BAASTE
oIRA N = =
= (%) 0.1 0.2~0.3 0.2 2.5
Al pH 2.5 4.8 0.7~2.5 <1.0
[o:]
x| 2%(C) 95~ 120 70~90 95 80
2
Al2H(hr) 15~ 74 3~ 10 3~5/Cycle 48~ 72
JS(E==pS[KT - SAAr, DA | BAH0.25M)
b, SAMHILISIIZ2UI0IE L ’
eSS FOTA. = o }Bﬂ;iﬂlo' (&HatH2l) KIS (Ce* 2mM)
10 014
(o] A Ak ~
M H 2 7 10 01 & (20 - 4001451) 100 ~ 1000
_ ] el s
= 0 st=X O| &t _ _ _ _
_ ifla“'fm = ai quaoil = XS MBIRIO 2 | SEHY, =03
”4: S s =5, =3l
y
=)
ol IR Meta 8xo | MHMA 8X9| o JPORAIE CRE
IS J 22 H| of
;l s | UsEES WXz, | o Ase men) HEI K VO 4oy ne wa
=<<S JIEH(ZEH) 2 DIEH (ZE) N 23 2.31°)
- _ 2z 2|
WEsE, ANz R = S e -
maois, 2nedl,| ke wuy, | oo HEE | eTE SHE o
M oh A PR AR HE, Mest | & 2 =87S,
WESEI ® HE | WEEHE, S/6 -
e s/e A e BZ, AP 2 | oHA 22 A3y
= e e URHE HH2
g MM 52 = B R 2o £t
21 g 0> 2 Mn0,2l ==
HA| ST zel(SAGA)I F 0 TS e r.:: 25101
EE Melol= € oxc =3
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0z
gl
OB
He

Jm
0x

BE2+D]
SAR/AA SNEHA & D(keV, %)
()
Ac-227 2 .2E+01 a, B— |LOH2D: 4940.7(39.6), 4953.26(47.7)
Ag-110m | 6.8E-01 EC 20tE S © 665.54(86)
208 S ¢ 26.3448(2.40), 59.5412(35.9)
Am—241 4 .3E+02 a, SF _
=1 : 5485.56(84.5), 5442.8(13.0)
208 Y S ¢ 43.533(5.93), 74.664(68)
Am-243 7. 4E+03 a, SF _
2&OrE1 : 5233.3(11.0), 5275.3(87.4)
Ca—41 1.0E405 EC ExXs 2= 1 3.311(3.9), 3.314(7.8)
Ce-144 284 d B- 208 S ¢ 133.515(11.09)
Cl1-36 3.0E+05 | EC, 8- |&=2 HIE 21
A=D1 : 5785.2(72.9), 5742.1(11.5),
5991.8(5.7), 6058(4.7)
Cm-243 2 .9E+01 a, SF _
20tH Y E ¢ 277.599(14.0), 228.183(10.6),
209.753(3.29)
Cm-244 1.8E+01 a, SF|LOH=D| : 5804.8(76.4), 5762.7(23.6)
o m=1 : 5362.0(93.2), 5303.8(5.0)
Cm-245 8.5E+03 a, SF _
2H0tE S 0 174.94(10), 132.99(2.77)
Cm-246 4. 7E+03 a, SF|LOH 21 : 5386.5(82.2), 5343.5(17.8)
2&OHED : 4870(71.0), 5267(13.8),
5212(5.7), 4820(4.7)
Cm-247 1.6E+07 a _
20t8 Y= ¢ 402.6(72), 278.0(3.4),
287.4 (2.0), 344.5(1.3)
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6 2A A #E U S&(HS)
HETS]
S LPS =1 sS4 Bl D(keV, %)
€))
AOLYE © 122.0614(85.60),
Co-57 | 272 d EC
136.4743(10.687)
A0S ¢ 1173.237(99.9736),
Co-60 | 5.32400 | B~
1332.501(99.9856)
A0LYE © 604.721(97.62),
0s-134 | 2.1E400 | B-, EC
795.864(85.53)
Cs-135 | 2.36406 |  B-  |== HIE 21
Cs-137 | 3.0E+01 B-  |ZorHwE : 661.657(85.1)
A0 2E ¢ 121.78(28.58), 344.28(26.5),
Eu-152 | 1.3E401 | EC, A- |1408.00(21.0), 964.08(14.61), 1112.07(13.6),
778.9(12.9), 1085.87(10.2)
OS¢ 123.07(40.79), 1274.44(35.19),
Fu-154 | 8.6E+00 | EC, B- |723.30(20.22), 1004.73(18.01),
873.190(12.27), 996.26(10.6)
Fe-55 | 2.7E+00 EC |SHXH%E : 5.888(8.5), 5.899(16.9)
Mn-54 | 8.6E-01 | EC, G- |20HIE : 834.848(99.976)
Na-22 | 2.6E+00 EC |2OIHYE © 1274.53(99.944)
Nb-94 | 2.0B+04 |  B-  |2OFMWE : 702.622(97.9), 871.091(100)
, SHXHYE : 6.930(20.4), 6.915(10.4),
Ni-59 | 7.5E+04 EC
7.649 (2.45)
Ni-63 | 1.08402 | - |&= HIEF =1
Np-237 | 2.1E406 | @, SF |2OIHYE : 20.37(15.0), 86.477(12.4)
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A

i
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gl
IS
o
0z
!
O

o
n

(A=)

bl
0x

O
40
[0
>
0l
B
an
0x

=] D (keV, %)

QTS : 5013.8(25.4), 4591.3(22.8),
Pa-231 | 3.3E+04 a, SF |5028.4(20.0), 5058.6(11.0), 4736.0(8.4)
20t : 27.36(10.3)

2= ¢ 3720(100)
Pb-210 2. 28401 a, B= |

20t S 1 46.539(4.25)

Pm-147 2.6E+00 i === HIEt S

Pu-238 8.8E+01 a, Sk LIS ¢ 5499.0(70.91), 5456.3(28.98)

LIS ¢ 5156.59(73.3), 5144.3(15.1),

Pu-239 2.4E+04 a, SF
5105.5(11.5)

Pu-240 6.6E+03 a, SF 2OE 1 ¢ 5168.2(72.8), 5123.7(27.1)

Pu-241 1.4E401 | a, SF, Q- |ZIt=1 @ 4853.0(12.2), 4896.3(83.2)

Pu-242 3.7E+05 a, Sk LIS ¢ 4900.1(77.5), 4856.2(22.4 %)

Ra-226 1.6E+03 a 20t Y= ¢ 186.211(3.59)

Ru-106 1.0E+00 G- == HIEt S

Sh-125 5 BE400 g- 20tdeE ¢ 427.88(30), 600.6(17.86),

635.95(11.31), 463.37(10.49)

Se=79 6.5E+05 G- == gt S

Sm—=151 9.0E+1 G- === HIEt S

Sr=90 2.9E+01 B- === HIEt S 1

Tc—99 2. 16405 L- == HIEt S

Th-228 1.9E+00 a LIS ¢ 5340.4(72.2), 5423.2(27.2)
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6 24 04 #E L S8 (%)
HEIS]
seiEs | | Buss Bl D(keV, %)
20 E 193.509(4.4), 210.853(2.8),
136.990(1.18)
Th-229 | 7.3E403 a >
QTS : 4845.3(56.2), 4901.0(10.20),
4814.6(9.30), 5053(6.6), 4967.5(5.97)
Th-230 | 7.56404 | «, SF |21 : 4687.0(76.3), 4620.5(23.4)
Th-232 | 146410 | «, SF|2I2I : 4.012.3(78.2), 3947.2(21.7)
U-232 | 6.9E401 ¢ |22 : 5320.1(68.15), 5263.4(31.55)
U-233 | 1.6E405 | o, S |2TH2I : 4824.2(84.4), 4783.5(13.2)
U-234 | 2.56405 | o, SF 2O : 4774.6(71.38), 4722.4(28.42)
2OHEYE 1 185.71(57.2), 143.76(10.96),
163.36(5.08), 205.309(5.01)
U-235 | 7.06408 | o, SF |
ATHE D : 4397.8(55), 4366.1(17),
4596.4(5.0)
U-236 | 2.36407 | @, SF|ZIZI : 4494(73.8), 4445(25.9)
U-238 | 4.56409 | @, SF|ZIEI : 4198(79.0), 4151(20.9)
Zn-65 | 244 d EC |ZOIdYE © 1115.55(50.60)
2r-93 | 1.5E406 |  p-  |ZOHE™E : 30.77(100)
- 36 -
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S S/A A 0ll 4 XI (KeV) Intensity(%)
1 Ag-110m |665.5 86
2 Am-241x |59.54, 26.3448 35.9, 2.40
3 Am-243+ |43.533, 76.664 5.93, 68
4 Ce—144 133.5 1.1
5 Cm—243 |277.599, 228.183, 209.753 14.0, 10.6, 3.29
6 Cm—245 174.94, 132.99 10.0, 2.77
7 Cm-247  |402.6, 278.0, 287.4, 344.5 72, 3.4, 2.0, 1.3
8 Co—57 122.06, 136.47 85.4, 10.8
9 Co—60 1173.2, 1332.5 99.89, 99.98
10 Cs—134  |604.6, 795.0 97.50, 85.08
11 Cs—137 |661.6 85.2
121.78, 344.30, 1408.08, 28.58, 26.5, 21.0,
12 Eu-152  |964.08, 1112.07, 778.9, 14.61, 13.6, 12.9, 10.2
1085.87
123.1, 1274.4, 723.30, 40.1, 35.2, 20.22,
13 Eu-154
1004.73, 873.19 18.01, 12.27, 10.6
14 Mn-54 834.8 99.98
15 Na—22 1274.5 99.94
16 Nb—-94 702.6, 871.1 97.9, 100
17 Np—237* |29.37, 86.48 15.0, 12.4
18 Pa-231x |27.36 10.3
19 Pb—210%x  |46.539 4.25
20 Ra—226 186.2 3.59
21 Sb-125  |427.9, 600.6, 635.95, 463.4 30, 17.86, 11.31, 10.49
22 Th-229 193.509, 210.853, 136.990 4.4, 2.8, 1.18
23 U-235 185.7, 143.76, 163.36, 205.31 |57.2, 10.96, 5.08, 5.01
24 /n—65 1115.5 50.60
25 Zr-93+ 30.77 100
- 37 -
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T 8. =24 o &t =
HS =7 NI X (KeV) Intensity(%)
A
1 Ac—227 |4940.7, 4953.26 39.6, 47.7
2 Am—241* |5485.56, 5442.8 84.5, 13.0
3 Am—243* |5275.3, 5233.3 87.4, 11
4 Cm-243* |5785.2, 5742.1, 5991.8, 6058 72.9, 11.5, 5.7, 4.7
5 Cm-244 |5804.8, 5762.7 76.4, 23.6
6 Cm-245+ 15362.0, 5303.8 93.2, 5.0
7 Cm-246 |5386.5, 5343.5 82.2, 17.8
8 | Cm-247+ |4870, 5267, 5212, 4820 71.0, 13.8, 5.7, 4.7
9 Pa-031x 5013.8, 4591.3, 5028.4, 5058.6,|25.4, 22.8, 20.0, 11.0,
4736.0 8.4
10 Pb-210% |3720 100
11 Pu-238 |5499.0, 5456.3 70.9, 29.0
12 Pu-239 |[5156.59, 5144.3, 5105.5 73.3, 15.1, 11.5
13 Pu-240 |5168.2, 5123.7 72.8, 27.1
14 Pu-241 |4896.3, 4853.0 83.2, 12.2
15 Pu-242 |4900.1, 4856.2 77.5, 22.4
16 Th-228 |5340.4, 5423.2 72.2, 27.2
7 Th-220+ 4845.3, 4901.0, 4814.6, 5053,|56.2, 10.2, 9.3, 6.6
4967 .5 5.97
18 Th-230 |4687.0, 4620.5 76.3, 23.4
19 Th-232 14.012.3, 3947.2 78.2, 21.7
20 U-232 |5320.1, 5263.4 68.2, 31.6
21 U-233 |4824.2, 4783.5 84.4, 13.2
22 U-234 |4774.6, 4722.4 71.4, 28.4
23 U-235+ 14397.8, 4366.1, 4596.4 55, 17, 5.0
24 U-236 |4494, 4445 73.8, 25.9
25 U-238 4198, 4151 79.0, 20.9
* . ZOIAHEZDIEHZ =38 Jts
- 38 -
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Hs | sS9R4 | 21 S48 = 3 2 ke,

stetx 2ol & WA A 0lM
1 Ca-41 EC )

X8 ABEZ0E[3.311(3.9), 3.
2 CI-36 EC, - |3BtR 22l 2 ¥ AlLdlold
3 Cs-135 B-  |ast® =2l = Ay Agylold

sistm 2ol = Ax A2 0lM
4 Fe-55 EC _

X& AMEZ0E[5.888(8.5), 5.

sistm 2ol = Ax A2 0lM
5 Ni-59 EC  |[x& ABE=R0/E[6.930(20.4), 6.915(10.4)

7.649(2.45)]
6 Ni-63 B-  |ast® =2l 3 ay ALylolM
7 Pn-147 B-  |aEtm =2l 3 Ay ALdlolM
8 AU-106 B-  RN-106(LABEH)OZ =T Jts
9 Se-79 B-  |aet™ =2l = oy Agdlola
10 | sn-151 B-  |ast® =2l 3 i ALylolM
11 Sr-90 B-  |aet™ =2l 2 oy Agdlola
12 Tc-99 B-  |EEtE =2l = oy Aol
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RESRAD-RECYCLE &M&tDE== AHohK=E EMet £=R0ls2 HEE E HOIE It

HUAMN SYC=s BAIESIE dsts HIlol)| /st XS =2 US DOE (Depar tment

of Energy)2 XI&2S2Z ANL (Argonne National Laboratory)2l EAD (Environmental
Assessment Division)HlAl 2003 JHZSHACH. & 102 RESRAD-RECYCLES| XHE

g ZX HEEZE LIEtHTH. RESRAD-RECYCLE & REE=E =54 Y
= - 28t Mel &Y XH(Worker )2t AHITH ¥ B2MWE 013236t

O CHotAd & 41002 AlLt2I2%t 54002 &0l CHoHAM &M m=dgF &
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e

10. TAEA-SS-111-P-1

DES BIF SAMH

o

GH
oh

OB
He
x
of

I

HAEAl RS

om X = ry 0L rig
N

Brol AL BT S

O 1O

SMNS | wa 238 22 LN 20
=S n-659 Mn-545 HI 2/t 14

N[

sl Ms2

| AEA-SS-111-P-1. 1
S 1604 BD B
S40e gAY BB O8o=
T

ot0] WEHENIK| =E

IS

;Z Federal Guidance Report 11 Ctst Al S0l cHst

Qi (EPA 1988) S2ESFAOIREMIZ (1CRP-30)

I 11. IAEA-SS-111-P-1.13} RESRAD-RECYCLE D EQ| LIS M ZFSHAOIX} Hl
83 o oletoadzoa H3 o oletesdzcer
Radionucl ide . (OSESRAD RECYC;E) . é(lgA SS-111 P@ )TI
(Sv/Ba) (Sv/Bq) (Sv/Bq) (Sv/Bq)
Cl-36 5.93x 107 8.18x 107" 5.5%x 10 8.2x 1071
Ca—41 3.64x 1070 3.44x 107 3.5x107° 3.3x 1071
Mn-54 1.81x107 7.48x 1070 1.7%x107° 7.3%x1071
Fe-55 7.26x107"° 1.64x107° 6.9x107° 1.6x 1071
Co-60 5.91x10°® 7.28x 107 4.1x10® 7.0x107°
Ni-63 1.70x10° 1.56x 107" 8.4x 10710 1.0x 1071
Zn-65 5.51x 107 3.90x 107 5.0% 107 3.9x107°
Sr-90 3.54x 107 4.13x 1078 3.4x107 4.0x10°®
Nb-94 1.12x107 1.93% 107 9.0x10°® 1.4%x107°
Tc-99 2.25x107° 3.95% 107 2.4%x10° 3.0x 107"
Cs—137 8.63x 107 1.35%x 1078 8.7x 107 1.4x 107
u-152 5.97x 1078 1.75% 107 5.9% 107 1.6x 107
U-238 3.20x 107 7.27x 107 3.2x10° 6.9x 108
PU-239 1.16x10™ 9.56 % 107 1.2x10™ 9.6x107
PU-241 2.23x10° 1.85%10°® 2.2x10° 1.8x10®
An-241 1.20x10™ 9.84x 107 1.2x10™ 9.8x107
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I 13. Westinghouse F Series SG & H QI XI

a5 GOl E
Height (m) 21

Upper /Lower Diameter (m) 4.5/3.5
Weight(ton) 300

Heat Transfer Area(ft?) 50,000
No. of Tube 5626

Tube Spacing(in) 0.98

Tube Dimensions(in) 0.688 x0.040

Tubing Material

Alloy 600/690

Heat Treatment

Treared(TT)

Tube Sheet Expansion Method

Hydraulic

Tube Sheet Crevice Depth(in)

20.7

2) BJ1LMI| AAE

RESRAD-RECYCLE M &t

> 0

=2 1998E &
A=0l Ags LAt =K
3.3TBa2=x =4&0l 5%,
9 HIS H ==t
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H 14, ME & HlPAs

ELES Bt D1 (Day) Chamber (Bqg/g)
Mn-54 312.7 -
Co-57 270.9 -
Co-60 1923.92 9.87
/n—-65 244 .4 -
Ru-106 368.2 -
Ce-144 284.3 -
Total 9.87
T 15, HYH$E HigtAls(Ba/g)
A A S
i DF 100 DF 200 DF 300 DF 400 DF 500
0.099 0.049 0.032 0.033 0.025
Co-60 DF 600 DF 700 DF 800 DF 900 DF 1,000
0.016 0.014 0.012 0.011 0.010
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1. MZAH==(DF) 100 B Al 4FEIt 21

A=

REHSE 10022 =6 MBBIIE 8 2 WA FR FIE
CREE HE2 AU IHE LS U2 2A0H, IHE e 15,
Sv/yrol tHEEZ AlL2I22 UEGCH Zerdzo A =Xt CERIE Y
2 AUIQ0A JIE 22 22 2J20, W&o H 4.990man - Sv/yr2 It
& Eo Mdugts B0 AHIO UHSX Alllele, ZEMe! UE Aluie ¥
EH AF2 AUZIQ S 2oe X QA2 ESIA 250, 1 2
ANURIQE 25 HA QM2 BHEGIACHE 16).

E 16. DOF 100 & 2F® D}
_ I Q1 ¢ 2t oo HE QA
e s MuEl= (uSv/yr) (man - Sv/yr) OHE o8
FRHA 0.000 0.000 e
5/ AFRA 5.390 0.002 Ot=
IINEE 0.144 6.2x 107 ot
AHITH Xt = &t 12.000 9.57x 107 2015
ARE I3 2.510 0.017 e
g IR 4.680 0.028 lES
Zeto| 1.040 0.043 ot=
T2 IR 0.000 0.000 OtE
Hag olgst
S . 1.410 2.31x 107 L ES
mE= 0.023 4.990 S0tE
pai b 15.300 1.53 x10™* 2015
S(ETES
Hilg 87 1.136 1.36 x10°® orx
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2. MEAH==(DF) 200 HE Al &42EIt 20

HMSAH=E 20022 HEot0 HdEgHIIE o Z20 S 32 FAd &
CE2EE MEE AMLUZQ00AM JHE 22 s EUR2H, HE =2 &2 7.630 v
Sv/iyrel XtHEE Alltel2Z UEHRCH = =
E2E AMLZIQ0A JHE 2 2te EUCH, wEgo 2 0
g =2 dEggs 20, S2 WE AU dg8I Z2its HE RAS
= =

ZotAl RotfeH, 1 2 AllelL

-v—

—

H 17. OF 200 & &8It

_ JH ol et Ziched gt HE QA
MEEEA MHels (uSv/yr) (man - Sv/yr) 0HE L

A 0.000 0.000 or=

g/ ALRA 2.700 0.001 or=

NE2E 0.072 3.1 x 10 orx

AT =SV 5.980 4.79 x 1073 ot=

ANRE It 1.260 8.79 x 10°® S

IIEE I 2.340 0.014 or=

meho|m 0.522 0.021 orx

2 2% 0.000 0.000 e

S3M gei;g@ 0.703 1.15 x 107 e
m 0.011 2.490 20t

b3 b 7.630 7.63 x 107 ot

HsH=
Hole ) 0.568 5.68 x10° otx
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3. MEAH=(DF) 300 HE Al &4&EIt 2t

HSH=E 30022 HEot HdEgEIIE o Z20 S 32 FAd &
CE22E MEE AMUZIQUAN Y 22 s 2R, JIE =2 82 5
Sv/yrl XtHESE AlU2l22 UEHED = =
2E ALCIQ0A Ot 0
g =2 dEgs 20U, S WE AU dE8I 2= 8
= =

ZotAl Rotfen, 1

e e
> gy w— BA =2

-v—

—

H 18. DF 300 &&&It
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_ JH ol et Ziched gt HE QA
HE2 e AlLtel @ Cusv/yr) (e - S/37) = o
A 0.000 0.000 or=
g/ ALRA 1.800 6.83 x 107 or=
NEEE 0.048 2.07 x 10 o=
AT =SV 3.990 3.19 x 107® or=
ANRE It 0.837 5.86 x 10® o=
HEg I3 1.560 9.36 x 10°® TS
Zeto|m 0.348 0.014 orx
2 2% 0.000 0.000 e
S3M g=s= == 0.469 7.69 x 107 or=
AHe
ng 7.49 x 107 1.660 E0HE
b3 b 5.090 5.09 x 107 ot
HsH=
Hole ) 0.378 3.78 x10° o=
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4. HEHAH==(DF) 400 S Al SZFEIt 20t

XIS Al ==

£ 40022 HEolo dgE

J
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C2EE MHESE AUEIQUA JHE Z2 gts EJ2H, &
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He e Alltel @ Cusv/yr) (ran - Sulyr) Bz oo
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IIEBE 0.036 1.55 x 10 or=

AHITH =Py, 2.990 2.39 x 10°° orz
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IHEE It 1.170 7.02 x 1073 ot

TRLo| 0.261 0.011 otE

T2 IR 0.000 0.000 Ot=
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HIstH=
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5. MEH=(0F) 500 H& Al d2HI} 2
MEHLE 50022 250 MSFBIIS 8 2 MM FL F=x ¢
TRIE HEE AURIQUA I ¥2 22 22U, IIE =2 22 3.650 |
Sv/yrel MHES AU2IR2 UEGCH ZSH2o A2 F=XIE o T2 I
2 AUIQ0A JIE 22 22 2Q20, W&ol F 0.998man - Sv/yr2 It
o =2 HZAS SACH HMYAH S 50000M DE AILIRIQI HE QA2 oHEG}
AUCHE 20).
E 20. DF 500 MZFEIt
_ I 01 4 2 Zicrde HE QA
HEsEA ALel2 (uSv/yr) (man - Sv/yr) s o2
=& 0.000 0.000 I ES
2/ ALRA 1.080 4.10 x 107 e
= 0.029 1.24 x 107 orx
AHITH E=PY; 2.390 1.91 x 107 RS
ARE It 0.502 3.52 x 10 ot
IIEE I 0.936 5.61 x 107 L ES
Zeto| 0.209 8.56 x 107° e
2 2% 0.000 0.000 e
Hag olgst
D2 2 0.281 4.61 x 10° lES
me 4.5 x 1078 0.998 e
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HIsH=
Hole 87 0.228 2.28 x10® or=
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6. M AH=(DF) 600 S Al SFEHIt 20t

HSH=E 60022 NHEot HdEgEIIE o Z20 S 32 FAd &
CE2EE MEE AMLUL2IQ0A JHE 22 s EUR2H, HE =2 &2 2.540
Sv/yrel XMtHESE AlUel22 LIERICH e 2 E2EE M

22 AUCIQQUA JtE 2 8t 2o Z2 0.834man - Sv/yr& It
o =2 MEUS BACHE 21).
HE 21. OF 600 &2E D}
_ I 01 4 2 ZicrMe HE QA
MeEE Mels (uSv/yr) (man - Sv/yr) OHE o8
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n 3.76 x 107° 0.834 ot=
X+ H| R 2.540 2.54 x 107 ot
st
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HMSAH=E 70022 HESot HdEgEIIE o Z20 e 32 FAd &
C2RE MHEE AUCIQUA HE E2 s ERCH, tE = 2
Sv/iyrel XtHEE Alltel2Z UEHRCH = &
ANUEIL0IA e ¥2 s E/JA2H, ungel 3=

dEgs EJCHE 22).

stz
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o IT
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ro
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