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Abstract

This paper is to study on the decommissioning cost estimation for nuclear facilities of
advanced nuclear organizations and countries for deriving the cost factors to be taken
considerations into accomplishing decommissioning projects. Of cost categories producing the
factors of decommissioning costs, dismantling and waste processing & disposals activities are
examined to increase the its costs. Of labor, materials and other costs categories, labor costs
are summarized to have overall majorities in the decommissioning cost factors. The main
parameters of all factors affecting the decommissioning costs are analyzed as work difficulty,

regional labor costs, peripheral cost, disposal cost and final burial costs.
Key Words : Decommissioning, Decommissioning costs, Cost Estimation
L o

d72 9 9x8 A4 HAFZY 7Y Al Lo § oY J1A] v LAAE nFdY] 93
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1.A &

A AAS 448 AHo] FA 7tE FAHL i, @A oF 807 AAH LA oF 35070 A
T& 427 FADJAAYG AAGAA At FHAME AFE AR2(0)3 ‘ATR) 1, 2%
71 (TRIGA Mark Il & Ill) E87127} A =0o] &4& FAsn 19977 A7 AR AG
[1]. 972 2374 i3 HALELS vBez Ad72 2 949 A4 A A v$IAL
ged oM ZFo] He FFAAE BAS HA6E "I BPEE YA o

Y AAE vBoR e HA °HE AL 2A 39AZ FAHEY AR, HEARE A%
7184 71EH AZS AT A% DAl HEd IFE F 7 Ye 8UE AAHe=
R 4 oz 4R sk dde HdEE s3se Aol EAE, dEHE 4 7EL

A2 st AA9 AARLNA BLF AQ EF L 22 A9 WA 92 wge 2
Aare AozA, A ug Al 94AA BRol AU AAZ, 45H 29 vEL &
E 2 230l %A ATAs AAY H§L BEHE FHolr

AH vg A4 HAE FAA 2 W, $AFe2 aTHE AL AAN L) 4L FE 2
A B4 olo) B@ 7FS AHolRm @ 4 Utk HI AAY Ado) BAY FYLEF o

A8 Age SA471EE AAste Aol ofF T

A HE FHLAdE BE <@ HEF AR &2 A dF A2 AR 2 3]
7bed AACGAE 7122 & F8uE, HE Tl A B &o] WA EFHooF ot A
H§ FAde 7tsd & ¢8R L 248 WA A Fo 2 olfrE AARAE £
Tt FE V1, Y B Wit AsgeEN, 29 HE A 48 ARE 2AR F4
€ #of oo F Ao Bt v 41 FE3A o]F4F & Utk

B =fdMe. 472 3 43 A AAFY s A 2ol & o9 7HA v &AAE 2
Z37] st OECD w7 2 94A49 A9 d7¢ 4242 € 948 A4 AN S g
AT Ao ¥ IAE FHLE BAEAY.

2. ARANA AA & HFE A NSVZ BF

21 47¢ 942 % 43529 9@ US NRC HAn & 44
Research reactor$} test reactor& reference reactor tl’do.2 #H Al &S A3y ot A
£ Y2 (Research Reactor)¥ Oregon State University TRIGA reactor(OSTR)E I% dlAto
2 33 gtk OSTRLE 1000 kWt, open-pool, TRIGAHE =4 %2 AdALLZ ¥ Ay 1§
R A Al dojr). AY = (Test Reactor)= NASA2] Plum Brook Reactor Facility(PBRF)E 3%
gdez 3. PBRF= AdE¢ dFE2E FH2E 33 k. A E(test reactor), Plum
Brook Reactor(PBR)2 60 MWt, 35 BZAE A&t AT Z(research reactor), Plum Brook
Mock-up ReactorMUR)E A& (100 kWt) swimming poold |dF+E o]t} PBR, MUR &%
19733 &332 =AU 2].
T Az AR A A v AFE 7] Al A 7E RS s 2o
o A staffe THES V|ed &3 AR 75 A
e RE A 5 FE XY 2 AY 9 FH7|T Bt A ZE2aPe] Ik
H] g9 FFA &
o FAE YA AA A= HF A A 712 E FH, AAGFTFS ZuE SN
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19 1. Reference Test Reactor 7l'dx 1§ 2. Reference Research Reactor /|3 %=

Cost Category Estlma:;c)i Costs Percent of Total(%)

Disposal of Radioactive Materials 86,290

Neutron-Activated Materials 16,610 12.8

Contaminated Materials 60,060 )

Radicactive Wastes 9,620
Staff Labor 5,30,570 784
Energy 13,790 20
Special Tool and Equipment 21,150 3.1
Miscellaneous Supplies 6,210 09
Nuclear Insurance 4,620 0.7
License Fees 13,950 2.1

Total 676,580 100.0

Other Possible Costs

Spent Fuel Shipment 60,980 -

Facility Demolition & Site Restoration 1,96,750 -

X 1. Reference Research Reactoro] djg u]4 A+34
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Cost Category Estlma:g)i Costs Percent of Total(%6)
Disposal of Radioactive Materials
Neutron-Activated Materials 131,000
Reference Test Reactor 4,000 207
Mock-Up Reactor (MUR) 2,338,000
Contaminated Materials 99,000
Staff Labor 863,000 69.3
Energy 76,000 06
Special Tool and Equipment 361,000 29
Miscellaneous Supplies 203,000 16
Special Contractors " 616,000 49
Nuclear Insurance - -
License Fees - -
Total 12,458,000 100.0
Other Possible Costs
Spent Fuel Shipment 204,000 -
Facility Demolition & Site Restoration 2,289,000 -

¥ 2. Reference Test Reactoro]l dj@ w]-§ 44

2.2 OECD/NEA 33 =214 o3 fAu-¢ 44
OECD/NEA9] #A FHAZ 2P A Z2AE g A72 ¢ 4F29 2L P
g AxE AAdd diste v-& A4A ES fEsta Joh §EE T ddeE 3 dARs 4
2 2@ AZF 2%+ Shppingport, BR3-PWR, WAGR, MZFR, JPDR, 444 7529 98¢ AL
KWL, EWN, Vandellos 1, Fort St. Vraino]l2 AX A4 Eurochemic, AT-1, B204, West
valley, WAK A) 4 o] t}{3].
OECD/NEAd A& A48 Alde g A H& ARE 371 939 v534 2ol 7]1& 713
< A3 U
o A N & AR AREH AR X9 HXFAA Y =€ EE HEE XF
o YAdg AANYTFEN ojve}, EE P AF & 2 2L A2 FHEHm (Y A
o ¢HdY 2 dF A F& T
o AT} ZL YARFU|Y FPu| &7 2a HIE A EE AR FAAY, HAFA
gE ugd TR &S
BEE 948 A9 #iA &5 97t v &g A ERE AR vsd 22 ¥E o
¥ 2 HFE 482
olg} o] HIZI|ES AAY AS EE 4N st AAFA Fed L olfE S H
2t}
* Pre-decommissioning actions : 1¥7} Hl8o] gAY Z2AE ¥ FEo] YR FonZ
P Z2AEqA 7 FHo2 A A7} v EL DAY AFH YA & £ Ut
¢ Facility shutdown activities : B2 A5 A dn A FAF7171 JedRr] goy,
AdH] 9o g wel FE HE&FXNES HAF1 . & AZZAEE
A B AAd AR W ) EE ZAAE AAQ A FU1E EvisEA WFEE A4
8 AR FVNE GF2 Y 8002 FL nlfo] YEdT
¢ Procurement of Equipment and Material : 22 A Z2HEd = A7 A AdezR
¥ @A) e ZAuE ARSI FAHAY 2 d¥ F7] A 246 AMEE HA W
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g AR 5474 1nlgo] Eoit

Dismantling Activities : 71 ¥ o] HA Aol dg v Lol @8 £ S o
gt 4& HA v go] FoAY & Z2HAEEA 7E HE & Easd 3Aa" 4 ¢l
© 2 194 £8 F719d AL ¥E§ES £3387] o vl do] A Jehdr

Waste Management and Disposal : ¢FolA & HHAHY EAZ & FHF A6 &0
YXHHA gt & Z2AEAqAE AAGZREHY nFEY AA A2 523 fE
H71E Agul&o] A Bu=dt A A stolA ol HEES TsE AL BA
2 o]A &t}

Security, Surveillance and Maintenance : 1 ¥ F718 7IAE siA ZE2AEqAME H
b, A5 R FAH B0l NF3 FA e oY, A HEL ¥

Site Clean-up and Landscaping : ©] H] &2 AHH|&& UelUE Z2HELE 34 & A8
B3 E A ge=o.

Project Management, Engineering and Site Support : £33 £dx7} Yz &L
Research and Development : 2% Z2HEdAs Y xd9 71 99 F7]9 ]‘ﬁ K
o W&o Mxel R&D Hl§o] XFHA getl, g ZZAEAE R&D 540 ==
HE Ao B Fo gRoluzg vl o] A Jehdt

Other costs : 9% ZZAEqA = FH|Folut o7l AAHHZ Fgtomg Hlgo] ¥
YEld o

7
&

Cost Groups Percent of total(%)

Pre-decommissioning Operations 4.2
Facility Shutdown Activities 6.5
Procurement of Equipment and Material 8.6
Dismantling Activities 24.5
Waste Management and Disposal 9.8
Security, Surveillance and Maintenance 14.7
Site Clean-up and Landscaping 2.1
Project Management, Engineering and Site Support 13.2
Research and Development 7.4
Fuel 0.0
Other costs 89

Total 100.0

¥ 3. OECD/NEA &% L ¢ AA L 21§

Cost Groups Percent of total(%)
Labor Costs 56.8
Capital Equipment and Material 22.0
Expenses 21.2
Total 100.0

¥ 4. OECD/NEA }E8F S 8 AL A5
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3. 434 AAH &

3.1 AFRRI TRIGA s 4v]&

AFRRI TRIGA:E Armed Forces Radio-biology Research InstitutedlA] d7£o2 431
JE Y48 AJAdeoltt. AFRRI TRIGAE A& A< TRIGA 9AZE Foloh. WZAle ZAgold, ¢
3 Az Qe $+EBE/AE2FF hydride 98 YRS AI{3E swimming-pool & QA Eo|H,
Ay RAAY 289 LIMWelx H1 8L 3000 MWo) o4l

AFRRIFIA & TRIGA 92 A& 93 223 AAAG S 437 g A dx GA=
olgfo} & Exoz A HL&S NHFsta

e DECON(ZAI&Al) W& A Aoz A7

o HAE ¢tAFA FYE ©W YT F v1ed 2N E

o HAAR T EFA T A FAML 9 ZALE 7] 9% 48 7HA A g
e 1EY 9 FEH WAAHIIE HE AY

o FAE ALgo] 7t EE RA A L B4 gig A

e DECON # sjA& AT FU3 v & A

AFRRI TRIGA #4922 A9 ARG A AEFIAE AA, A 28z ‘X
BEQog FASG MA3e AL st Qirh

AFRRI TRIGA @74 9A=2 A A FUHE ) th3 Labor CostsE ol ¥ 7 A8 #
v, SFAI A RARY, 48 F APHE FESY RS s Yo

AFRRI TRIGA A AAE #H7|E UREL ZAMLAA U2 A8l S3E, B3, A=
HadA ves ¢FuE, 442 =4 AA FEZ FAH o AFRRINAE €& FH&
37] f15td, AT A HVIE AE E3FE B §F ZAMCAA 1 JE o)A 2"
E3YE oty 44 o¢dd EAYETL FyE ol BEUE & AR qg4E dn gt 3
A gt ARE F o RFFHLE ) AT 2AE 24 E2AYE g AFFXNE HES @
I et

Waste Material V?rl:;;l ¢ (Mg[;ms)' 1:/::? C(r::)es Shipping Cost™
L9 Eadge 102.40 23 2335 30 $44,320.42 $345,049.43
24 EA4 76.82 0.7 53.8 23 10,119.25 235.922.40
g ¢FvE 1.36 27 5.0 1 945.05 658054
A2 87 N/A N/A 09 1 169.05 1,613.26
Total $589,179.63

N/A, not applicable
Mg, Megagrame
"Cost = (cost/crate)(# of crates) + shipping costs + disposal costs

¥ 5. AFRRI TRIGA HAE 17 F4Jd AZ|E AL v &
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Staff position Workyears Rate Cost
' (no.) ($1,000/hr) ($1,000)
Management and staff
Decommissioning superintendent 2.0 89.1 178.20
Decommissioning engineer 2.0 76.0 152.00
Secretary 2.0 24.2 45.40
Clerk 0.5 242 12.10
* Health Physics 2.0 469 93.80
Radioactive shipment specialist 05 39.3 19.65
Procurement specialist 05 39.3 19.65
Contract and accounting specialist 0.8 47.1 57.63
Security supervisor 0.625 55.9 34.94
Security patrol officer 3.6 254 91.44
QA engineer 0.7 46.9 32.83
Control room operator 1.0 345 34.50
Consultant 1.0 100.0 100.00
Decommissioning workers
Shift manager 1.0 522 52.20
Craftsman 2.0 321 64.20
Crew leader 0.5 444 22.20
Utility operator 0.342 32.1 10.98
Laborer 6.0 309 185.40
Health physics technician 3.0 30.0 90.00
Total 30,067 N/A $1,250.17

# 6. AFRRI TRIGA s Aul§ 244 43

Cost Categories Cost ($1,000) Percent of Total (%)
Waste Disposal 589.2 233
Labor 1,929.3 76.4
Energy 56 0.2
Total 25241 100

3 7. AFRRI TRIGA 3] v & Y5

3.2 Maine Yankee 3 Au]-&

Maine Yankeet 1972\l R A& 7Aletd 19960 ZAA ol wHd &
qog A3 HF AL AR QG F A 71 F¢ 1187 billion kWh #7)
o} @A) ol 2@ o] ok 86% A Aol Ay 5]

M
o,
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2% 3. Maine Yankee 3| #3] &3

Maine Yankeedl A€ Uz AJA & A7) A8 A 4 FAdoe 2 B EH L=
AL G A dig VeSS AT o AN E A JFEeE ¥lE 84d

.

B7h 27AHee obelsh el 4RSI slrh
I AXNE EYE 28 W §

o oA 85 2 24

vl W A

Bulgh FzEl E AF R AAL 4 v

AR $Ad g AsH A71E AR 47 W

AF 32 2AHE 34

F ug 43

& A F9449, A7, A, dUA §F ZAE A ¥ vgez dx Jo. H & &

qe v

H& A=} site specific 1L WHEo) wE IS nAsA ot Es} Zol A

vl 8-& s Ao,

Categories Costs” Percent of Total(%)
Plant Radiological Decontamination
- Staffing 105,789 32.2
- LLW Burial 75,244 22.9
- Equipment Removal 51,439 15.7
- LLW Packaging and Shipping 19,344 59
- Decontamination Activities 7,402 2.3
- QOther Costs 69,327 21.1
Sub Total 328,545 100
Spent Fuel Management
- Staffing and Security 38,529 25.8
- Property Taxes 29,539 19.8
- Construction Costs 60,655 40.6
- NRC and State Fees 11,717 78
- Insurance 3,504 24
- Other Costs 5,436 3.7
Sub Total 149,380 100
Site Restoration
~ Licensing Termination Survey 12,423 30
- Major Component Removal 12,543 30
- Close-out activities 3,740 9
- Demolition of site buildings 12,738 30.8
Sub Total 41,444 100
Total 519,369 -

* costs in thousands of dollars.

X 8. Maine Yankee Ayl § 44 A3}
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3.3 WWER-400 sj#4] &

TFadA AW WWER(Water Cooled Water Moderated Power Reactor) Nuclear Power Plant
A7 1954-1955d ] AlFE o], A 440MW(e) WWER 4 &4 3l7] €8] Novovoronezh
NPPS T /Mg 23 Aol AFE A 1971dAM F2HAAY o] &9 =0, 19749
Al 19823713 F7FR 10719 YAZ7E FAEAY 9 It - S A A6

Country Reference NPP Type of the units
Armenia Armenian NPP (Unit 1-2) WWER-440/270
Bulgaria Kozloduy NPP (Units 1-2) WWER-440/230
Czech Republic Dukovany NPP (Units 1-2) WWER-440/213
Finland Loviisa NPP (Units 1-2) WWER-440/213
Germany Greifswald NPP (Units 1-2) WWER-440/230
Hungary Paks NPP (Units 1--4402) WWER-440/213
Russian Novovoronezh NPP (Units 3-4,) WWER-440/230
ussi
2 Kola NPP (Units 3-4) WWER-440/213
Slovakia Bojunice NPP(Units 1-2) WWER-440/230
Bojunice NPP(Units 3-4) WWER-440/213
Ukraine Rovno NPP (Units 1-2) WWER-440/213

E 9. WWER-440 JiAu § A4 & 9@ Ao 71 2 A=

WWER-440 9218 Zdio] i A& &4 e A dig 53¢ AAd a3
' $AIEY A Lo diF #AE ulgoE JAEAE 7|&d A &4 AP S FF
WWER-400 NPP9] &jA|o]4& F4& YHoz A7 A, v &FES | 8a2Fo2 £F
2 XFAA HEE BAse AoE e,

H & A4S 7] 4% F5ES T Fo] 2FE UES A4S 2 AU

¢ Pre-decommissioning actions

e Facility shutdown activities

e Procurement of general equipment and material

¢ Dismantling activities

e Waste Processing, storage and disposal

e Site security, surveillance and maintenance

* Site restoration, cleanup and landscaping

¢ Project management, engineering and site support

¢ Researcii and development

¢ Fuel and nuclear material

e Other costs

WWER-440 33l Al 4449 71349 e 23L& o&3 2o

o AFZAZHAA, LA Fo TA

o ¥ lel wnite EWSL, HF FHE ¥A A2 BAsE A
o AYRBAA, BA 2 A7 ARPL @A A5E PED 1
« NS F AR ZAA FU ARAE A A Hx 3dd AF AsdRY Y
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WWER-440 ©]& =759 siA0& HE %
b, Hl&AAELS B ALE AHEGFA, =9
da¥ AE AQAINE FAd2A(EF3H
Aol gt 7HF L o3 2o
o HHAL A Fol A M, £, FF, A%, PAAHIIE M Ed W ¥ &L afA
| 23IHA F&

e Ad] A= 1R FS

e HF FAAA F Jled wy A AFZE JF =AHES olFdi 3@ F T AZA
Aol A5 & &7 v&2 AL E3

o AAH AAH At F FATAA Wl HF AP ALAEAY v G GAY.

WWER-440 o] =71E9] A Z2AE FAM F2 HA A €5 v 2o £ v
$352 OB JhA WFE TR ML BHRIAL Yok

e Decontamination of areas and equipment in building to facilitate dismantling

¢ Dismantling operations on reactor pressure vessel and internal

¢ Removal of primary and auxiliary systems

¢ Removal of biological/thermal shield

¢ Removal and disposal of asbestos

¢ Building decontamination

¢ Decontamination for recycling and reuse

Cost Categories Percent of Total(%)

Pre-decommissioning actions 19
Facility shutdown activities 189
Procurement of general equipment and material 15
Dismantling activities 17
Waste processing, storage and disposal costs 345
Site security, surveillance and maintenance 44
Site restoration, cleanup and landscaping 9.8
Project management, engineering and site support costs 54
Research and development 05
Fuel and nuclear material 42
ther costs 2

® 10. WWER-440¢] d& 1178 A 0l & a§

Cost Groups Percent of total(%)
Labor Costs 453
Capital Equipment and Material 16.6
Expenses 3
Total 100.0

E 11. WWER-440¢} A @& 3jAn & AF £ X
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3.4 DR3 (Danish Reactor No. 3) & 4] &

DR3(Danish Reactor No.3)= %4A-4& HAZE Y3 MEZE #4849 AEE APsH7] Yl
AdE divlaodA 713 & dx2olith 19603 #H Al&EHSon, AEAQEe T4, B 252

g WA eE AAANAT 5 A7 J82 AHEHI Y A FrlE 4F°19{7]

19 4. DR3 M= 2% 5. DR3 ¥ H¥x

DR3 A4 el BREs chpatr] s, A =FAA v ol dE Frhe d2A gasa
ATk, B Aol daAME FH94 APUT 2L, WAT 49 AA Usd & QAW ¥
o e FAatel AeE AAYY 2o aFHE Ao yehgrh

Cost Categories Estimated Percent of
costs(MDKK) total(%)

Pre-decommissioning actions - -
Facility shutdown activities 7 19
Procurement of general equipment and material 9 24
Dismantling activities 249 675
Waste processing and storage 15 4.1
Site security, surveillance and maintenance - -
Site restoration, cleanup and landscaping 21 57
Project management, engineering and site support - -
Research and development - -
Fuel and nuclear material 68 184

Total 369 100

# 12. DR3 AN § 43 A3

4. 3734 A& g &4 a3

ATE 9AZ L 4xF Ade] dig A vE AFES BAE AR dAE AL 2AgEH
H71E Ag &Fo] 7hF B Hlfo] FUdE Aoz JgAHL Ui =FIHH L, AEH
H g FdA x=F A" Tl i v go] s Wo] AXE Ao el 53], dvt 24
o] ofd, WMAMM #aE FE3 7L A Ao o X AYIFo)H AAI Y= FohAA
v go] o] £8FHE FHOZE E40o] HAUT

A v Lo 9e vRE FQ W4 EE Work difficulty, Regional labor cost 2}el, Peripheral
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cost, Disposal/final burial costs olth. U™z Az, ZHl 2 o] vl Hsz2 Add &
HA AA Z2AE v G FF HEr) v AR EAHAY. o]F oA work difficulty 9
regional variations in labor rate QAA7F FQ G &AAZ YErRt

o Y o2 AxHWork difficulty factors)

gAu gl dFL Fr FAY d2AAE AU BE F8|(PPE, Personal Protective
Equipment), Q%7 1E/334, =% AdAolth. PPE &4 ofZ QAAle ALY #9202 2
A7l s B8 Aulo) Y Aol A Boh AP LE/AHAZAHL A sk 74
S Wi Aol T Ee A FFo] AIAHE ARE dndd =5 AN F
;A Aol whet Aoldtr] wiEel ofdl wd Axrl wr=Al Qs

o I7hH w=FHE9 X}o)(regional variations in labor rate)

F71EE AHE 7ted =Fulgo] Aol vl go] duty o -37%0A +556% W A=
2 Yehd Aoz ENFHAUL

Ao 2

rir
o
_>‘i,
)
ofj
o
X
wA

}87) 4R 2B FAEAYY YBeg +PARASUTH

2 a7

i
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