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“Economic Assessment of Used Nuclear Fuel Management in the United States” (July 2006)
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'000 tHM™ 200

MIT “global growth™

scenariof \ ]
Used fuel accumulation under A

150 - nuclear renaissance scenario ‘\"N
.“".ﬁ-:_".-"‘-

~2020 2
Yucca Mountain capacity ‘L.-"\f
12/k2IC
AN

100 { according to DoE 2001 _ ; ﬂﬁ[
-------------- comuiat HREEf-18 &

study (83,800 tHM)2

accumulation

50 1 Yucca Mountain

legal capacity for G tHM =tons of Heavy Metal

(2) S Dok - Analysis of the total life cycle cost of the civilian radicactve waste management program — 2001.

commercial fuel Additional Yucca Mountain capacity level considered is 105,000 tons, as reported by DOE EIS.
(63,000 tHM) {3) MIT — The future of nuciear power — 2003, global growth scenario (300 GW installed by 2050).
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- Costs of treatment and ® (@) | - Credits from MOX fuel
MOX fuel fabncation e, » Credits from recycled
= Costs of interim storage iﬁ?jﬁ_‘iﬁ uranium—based fuel

= Repository costs
for glass logs and
compacted waste

= Transports of
used fuel to

ﬁﬁ y, the IR plant
= Transport of

-H-,EO)I/ waste from IR

MR & plant fo

repository
Imﬁﬂ[ﬁ‘ggm Transports Total net cost
R plant)
Repository Credits from

recycled fuel
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Strategy considered...

Compared to...

Greenfield
approach

Recycling
Recycling plant and repository for high-level
waste from recycling (HLW-R)

Once-through
Repository for used fuel

Implementation
Approach

Portfolio

Recycling plant operational in 2020 and
full-scale repository (Yucca Mountain) for
legacy fuel and high-level waste from
recycling (HLW-R)

Once-through

Yucca Mountain repository for used fuel
only with a possible expansion and
followed by a second repository
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ﬁ‘%']*ﬂ'47ﬂ/ﬁﬁ§§(:'c Used MOX("
21 ﬂEﬁT {1} Used MOX stored at integrated plant site in dedicated pools (less than 15,000 tons by 2070), for future use in fast reaciors
or multiple
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=R $630/kg
SILTSk BELE  $OfE/F
==K
WMorE{E | $700/kg $175/kg
DOE2001 MDA IZH DK HLW-RIZE BRI DAEEE L5
rhfElETER | PREETER : ~$150/kg $95/kg (ZI3 /1)
BHEHEE | REMOSIE (ERFERE EE—E) Y1 IILIEER (SF) : $75/kg
#15%) : $70/kg (2,800k 2/ BEFE S 7000,

IR FE 51,800 . FEHFEMOX300k)
MEV YA VILEER 05715 (HLW-R) : 20K )L /kg

BEMRHO MOXZL S whk:160$/kg(MIITIRMEET)
oLk UOXZL vk :30%/kg (Bx#t, jRfE. IMITaXE)

D5l : $31/Ib U,04 (2005F D64 B F14)
EfEaAR:$110/SWU

BRI R b $12/kgU

AT XRE$200/kgHM

BAMOXEAR . BAEUOXBAR IS M
2020F %= E % (OECD/IAEA®M Uranium20034&Y)
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Summary of costs for once-through strategy (discounted at 3%®)

Sa00/kg HM 600

500

400

300 -

200 -

100 -

0

125

320

........
.....

________

2%320+125+55=500

Repository

Interim storage

Transport

Total

Costs before
discounting

700

150

70

920

(1} Includes $25 for the construction of a
(Z) Amr\:ﬁ'uinqudmnefmmﬂﬁued
for costhenefit

projects — 2003.

transportation

railroad.
and Budget. See LIS OMB, Office of Economic Policy — Circular A-B4: Main guidamnce
analysis and discount rates — 1802 and US OMB, Office of Economic Policy — Circular A-4: Discounting for long term

NI T RE{h:$520/kg

Summary of costs for recycling strategy (discounted at 3%)

Sa0s/kg HM 80D
700 -

75 o
600 7 160
80 s 520

500 -
400
300
525
200
100 - . —
X525+80+75-160=520
0 T T T T
Integrated Repository  Transports  Credits from Total
recycling plant recycled fuel
Costs before

discounting 630 175 g5 190% 710
(1) S?Eﬂlgh}ha’\spudihel.ﬁedﬁlelfmmﬁemdeﬂ jplant sites to the recycling plant and $20Vkg fo transport the HLW-R from the recycling

plant to the repository.

(2} $180Vkg for credits from MOX and $30Vkg for credits from recycled uranium-based fuel.

(3) According to guidance from Office of and Budget. See US OMB, Office of Economic Policy — Gircular A-94: Main guidance
for costbencfit analysiz and discound rafes — 1882 and US OMB, Office of Economic Policy — Circwar A-#: Discounting for long ferm
projects — 2003.
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Impact vs. baseline

Key cost dnivers Possible range (%1 kg)
In favor of  In favor of
Possible range on main assumptions .‘? ecycing GﬂﬂE—ﬂTfﬂﬂEh
600 700 1,000

Cost of repository!" ($ / kg)

Front-end scenano: uranium price (% / Ib U30s)

Back-end cost for used MOX (3 / kgyox)

Discount rate (%)

Cost of integrated plant® (§ / kg)

(1) Excluding transport. lower bound: average cost of Yucca Mountain for 120,000 tons, higher bownd: budget overrun at +30%.

15 3 S0
| |
0 =20 1,600
|
20% 3.0% 4. 0%
|
600 800
|
IEmeline assumption

105

30

G0

40

50

100

50

40

5

145

(2} Total life eydle undiscounted cost of mtegrated plant is 3848 (25% of which is capital imvestments). Lower bound of the
sensitivity range equates to $518 in iotal life cycle costs, upper bound is $818. CapEx/OpEx split kept constant.
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Once-through strategy
(for reference)

Recycling through
a portfolio strategy

Yucca Mountain

——
Legacy
fuel
(< 2020)

A ——
e

New fuel
(2020+)

Yucca Mountain

=

—

New Interim
repository storage

HLW-R

e

-~

Total used fuel quantity F -«
1968 — 2070

s

Integrated
recycling plant

2070 ETICERSh-BRAERERHZEE

Used
MOX
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Summary of costs for once-through strategy (discounted at 3%)

Net present 60

cost ($,,05B)
50 4 B2
10
409 7"
12
3y
20 4
28
10 ~
0 {nl T a] T
First repository Second Logistics Total
repository

Total life (3 1
cycle costs!" ($,5,:B) & ol &t 50

(1) Adjusted for differences in volume of used fuel handled in once-through strategy vs. porifolio.
(2) Includes transport and interim storage.
(3) Cost of second repository different from first repository due to lower annual volume of used fuel emplaced.
Mo backlog of legacy fuel results in an annual fuel flow of 2,100 tons a year (vs. 3,000 for Yucca Mountain) and a longer period of

 (EEIEFRSEE8H3,800F EFE)

480~530{E /L

EELS  BEDERFRFNSSHFR
MEVHAUILIEER (2020FT%F))
1B K D A F 375,000k
FEARFAR 9O/
OXAMDEH TN FIE KR IR T

Summary of costs for recycling portfolio strategy (discounted at 3%)

Net present 70
cost ($2005B)
604 .
50 - o ’
40 - 26
30 A
20 A
27
10 4
0 T T {‘]I T T
integrated Repository Logistics Provision Credits Total
recycling for used from
plant MOX recycled
fuel
Total life G4 49 16 ] 24 113 ‘

cycle costs ($,,,-B)

(1) Includes transports.

(ERIF2015F I SRR ERTE)

AT A T—30-7FO—F
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1,240~1,300fEFJL (ZI5]|3E0%) 1,130{BFJL (I3[ 0%)
ZN5|IL=mE . MR ETDST 24 LN DU ARIL—ERRR(ZPC S 5
R\, BB LYER 4GS

(F5133%) (F5130%)

Selected alternative scenarios Net present Total life-cycle
for the implementation back-end costs(" back-end costs("

MEVT AV IR

0 20 40 60($B) O 50 100 150 ($B) 20204 42

M5rI520154F 1R %

) Yucca Mountain begins
Portfolio emplacement of used fuel

strateqy: in 2015 and plant opening
alternative in 2020
implemen-

tation Plant opening in 202p a_nd
scenarios Yucca Mountain beginning

MEVHAUILIEER
202041 %
A5 152040 F R 3

AN

emplacement in 2040

———————————————————————————————————————————————————————————————————————————— AYARITY
—— Yucca Mountain @ 83,800 tons Mo RE853,800k
and used fuel emplacement in 3 /\ 4B
Once-thtr)?ugh 2" repository beginning in 50 130 Eﬁ';&&? ?';?%‘;’EE
possible ~2045 = TIZ 7"7“:' Epi
scenarios
(for Yucca Mountain @ 120,000 « —.
reference) lonsland use:i_fugl g ’ 47 124 ——J 1/“{217"7/7'/
emplacement in 2nd repository IRA L= N
beginning in ~2060 A5 ﬁ'i;lzﬁ k>
FE20. 53151520604

FTICigZE

(1) Normalized to take into account slight difference in the quantity of fuel managed by the different strategies.

(2) Not considering possible impact on the costs for non-commercial fuel.
Note: Assuming similar costs for back-end of used MOX as for used UOX - U price at $31/lb.



4.2 FEHFTFEER (Fryva70-)
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32 1,240(EF )L (B5]3R0%)
(YA TUONSBE=12HN)

$B 35
F20 5 151R KR
DN Lzl (2060~2065)
25 - %ZMQ%F‘#J%EWE
(2030~2035)
) 1y R Ty
15 - (2065)
10 A
0.0

1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 21102120

Acceptance of
used fuel begins

[] Repository [B Second repository [l Logistics (transport

and interim storage

& - 1,300(EF )L (25| 30%)
(A yhI O T2030F %)

$B 35

L, JREVS AT TH TSR
(2015~2020) ;. /\ ogys

25 - \

. SFALA5ET HLW-RLS
15 1 s

1.0 4 \

-

7

1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 20902100 21102120

Acceptance of
used fuel begins

[] Repository [ Recycling (net of credit) ] Logistics (fransport

and interim storage
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P T [ mmEftorviB® |

%Iéj:;,;_g.% %ﬁ?ﬁ??ﬁ?ﬁ?{é;ﬁiﬁ/ gozo OV EB2010FEFTEMLLBENFE

DE A& =12 FIREHL S D FIRE CERR ) 20204 LARE L
121, (25FFE D mAHMEEEL ) %gfigg%ﬁi*imﬁmz i

20455 LARRIS (G ER2INIPIBABBREIE Do | “ig 55 5 o 43 iy CF ALIE (~ 700k /4F)

RASBEE 2AOHE. 2060FURIS | @uiw-r(ge) %28

FRAABNBRLED. B ALER (5 PR R 2, 50012 /£

HLW-R: 650k — 4L %y

I

0

43 PAX

ik 30 AYAR I TURR2015FDIHE . RHARICHIR DHLWZ B
FERAFRMD | HEUVAVILERIBEREORERETIC F& A FF ] HLW-R 20204
Z15 AYyHI I ToANERELETNIEE {f FAFMOX 20254

= 18
(BETDX) R DBEDERAFRBERD LR,

WMHLEEZROR | HizICRET DERFAN (BT AENFERTESELIA - - - BN D AL
LVABIDBRE | 5F) DI=HDEMDAHAESENE

Repository capacity requirement MTHM 100 Total used fuel on the surface
MTHM ('000) 220 equivalent
equivalent™ {000}
200 + - Integrated facility

Onee-
through
sirategy

120,000 tons

capacity | 84, 080 1o :
Rt e bt
Cergaaee® . B Used UOX
a0 - : HLW-R
40 1 Used fuel Portfolic
i 20205 i 20354 B

20 A / :/ 2015 2025 2035 2045 2055 2065

o E E ____ Once-through scenario with Yucca Mountain

2015 20'25 20'35 20‘45 20'55 ZD\I\?iE beginning emplacement in 2015 (for reference)

Mater HUW-R s reduced by the densification facior: HLW-R from the treafment of 1 tHM of used fuel Is represented as 025 tHM (faclor of
(1) Equivalent to MTHM (000} of used fus disposed In the reposiiony (Le., HUW-R takes anly % of the space from equivalent used Tual) 4 unnemnrn_mm |nmmmmmmnm,mmﬂm:maﬁrulmmne

quantty is
disposed In Yueza Mountain [see appendb: 10 for more detslls).
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(%%DGB] Discounted cumulative cash flows: Once-through strate

50 1 aassseaaanaaa,
o o i) —

40 4 Cumulative revenues!

‘Yucca Mountain
at 83,800 tons

Acceptance / emplacement begins
——

o Cumulative costs®

0
K
.
st
..................

Cumulative costs®

Yucca Mountain capacity
at 120,000 tons®@

capacity

2005 2010 2015 2020 2025 2030 2035 2040

(1) Assuming 2% inflation per year and fee at 1mil / KWh nominal. Assumes initial net balance of NWF to be $16.3B in 2005.

2045 2050 2055 2060 2065 2070

(2) Excluding cost of interim storage of legacy fuel (assumed to be directly sent fo Yucca Mountain from power planis).
Mote: Does not considering link with decision / costs on DoE and Mavy fuel.

($200sB) Discounted cumulative cash flows: Portfolio strategy
60
Cumulative costs®?
with Yucca Mountain
5Q - emplacing commercial
el staring in 2015 ieeereressiseeemm o
Cumulative revenues  jaeer=ifee,
40 { of once-through (for reference} ----------------
30 4 ) )
I Cumulative costs® Cumulative costs?®
Yucca Mountain Yucca Mountain
20 A emplacing commercial emplacing commercial
Op enlngofl } fuel starting in 2030 fuel starting in 2040
i recycling pla
L Used fuel cycling p
acceptance begin
0

2005 2010 2015 2020 2025 2030 2035 2040 2045

{2] Net of credit (i
Mote: Does not considering link with decision / costs on DoE and Mavy fuel.

(1) Assuming 2% inflation per year and fee at 1mil / KWh nominal. Assumes initial net balance of MWF o be $16.38 in 2005.
). excluding cost of interim storage of legacy fuel (assumed fo be directly sent to Yucea Mountain from power plants).

2050 20655 2060 2065 2070
Years

- M BRE12AMZHEELT

A """2

— IYAIVTV2015E I DIHE

. 20304

FTIARN-E IR EE L E £ 5HE T EE

W55 %O)T_&bd)ﬁﬁﬁﬁih ’EL\

— 2045-2060FE FE TILEMREEYE S

MDI1Z)L/KWhTEEZ 5

MD2020FE KVEWNGE

—1yN TR SRR A E LR R
<2050 LLEFT

FEILE& AN TR EE
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45 EENTHGR (BREERAT)

Impact on net present
Key cost dnivers Possible ranges cost differential ($B)

In favor of  In favor of
Recycling Once-through
Lo

DD 700 1,000
Cost of repository(™ (5 / kg) I 4.1 1.3
15 31 50
Front-end scenarnio: uranium price (5 / Ib Uz0s) I 30|20
0 8 24
Back-end provision for used MOX®) (§ B) | || 24| 5.0
20 3.0 4.0
Discount rate (%) [ 1.8) 0.7
600 630 800 —
Cost of integrated plant® (5 / kg) [ 11 .
Ianlin& assumption

(1) Excluding tansport. lower bound: average cost of Yucca Mowrtain for 120,000 tons, higher bound: budget overmun at +340%.

(2} Total ife cycle undiscounted cost of integrated plant is $848 (25% of which is capital inwestments). Lower bound of the sensithaty range
equates io $518 in iotal ife cycle costs, upper bound is 5818, CapEd'DpEx split kept constant.

{3) Baseline assumption based on a unit cost of $3520kg for disposing of used MOX, equivalent to the estimated long-term cost of disposing
regular used fuel.
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2015 FBRIR DIFE 2030 F £ THILRIEETHY . UH AV ILIEER B IRFIR &I
BiEL71-15 & TlX20504F LLE FE Txt I Al E

O S UL EHEEICEEINLGVVBEMOXRE EBE YU REEMBATS
ZET UMD EEN RIS TERINT AFREREFHEXICIRHE

)Y A )V EKRE R TH 0D i
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Ll
l]]|u|1

OBCGHREEN HK1TIL20065E7 A 258 THo1=H'. 8A3HIZDOEILGNEPD
29O AR (EIRS YD BHA. F2h5v 0 REDZETLR))—RTHREKL.
EEi0» 3R BH (EOI: Expression of Interest) ZHRIZHEE

02~y AXTIE FIZTEIRSYIIZEWNT, EXRDUREX+1a7 AR ZE ALY
AESD (Engineering—Scale Demonstration) [Z{{1Y) . BCGHREEZEDHE ) YA
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