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FOREWORD

C) Our objective in preparing this report was to develop unit price
forecasts for each component of the nuclear fuel cycle. In this report

we deal only with processes in the front end of the fuel cycle. Sub-
sequent reports will consider, in addition, the back end of the fuel

C) cycle.

In making our price estimates we made assumptions about the growth
of the nuclear industry and the choice of options for fuel cycle
operations such as the availability of reprocessing, plutonium recycle

O
and uranium tails assay. The fuel cycle options in this report are for
use in determining the sensitivity of the fuel cycle unit prices to
possible future developments. The particular assumptions we used for
our estimations are not intended to imply favored options.

O

.

O

O

O

. C)

C)

C
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FUEL CYCLE COST PROJECTIONS

10

1.0 THE NUCLEAR FUEL CYCLE

. |
.

~ Presently, uranium enriched to 2-4% U-235 is the fuel used in light !

O
; water reactors (LWR). The operations from uranium exploration through -

spent fuel handling constitute the LWR nuclear fuel cycle. The components- |

'

of this-fuel cycle are summarized below:

Uranium mining and millingOg .. ,

UF conversion. 6
' Isotopic enrichment {.

.00 fuel fabrication'O 2 ;.

. . LWR reactor .

'

Disposal and/or reprocessing of spent fuel.

A schematic representation of the-LWR fuel cycle is shown in. Figure'1.1'.
O.

In tb following sections we will briefly describe the processes' involved
in the front end of the fuel cycle, tha', is processes before the nuclear *

reactor.

O
1.1 MINING |

There are two major mining methods, surface and underground mining.
,

In surface mining, the ore is near enough to the surface so thct'the

g material overlying the ore, the overburden, can be excavated, and the ore
mined directly from the pit. When the ore is located much deeper, under-
ground mining is required. This entails sinking a mine shaft down to j

the ore deposit, blasting the ore bearing rock, and finally transporting
.

the loose rock to the surface. In both mining methods, afte.r the ore is jO
removed from the ground, it is scanned for uranium concentration, blended,
crushed and transported to the mill,

1.2: MILLING l'

g
v.

c

. Uranium ore is milled by either acid leaching with solvent extraction. i

or alkaline leaching. Acid leaching is the,predominante method used in the
..

O
'

,

_ ~ . . _ . _ . . . .. . ._ _ _ _ _ _ _ _
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O FUEL 1000 MWe SMTE
10,602 MTHM

(10.000) MTHM
(10.602) LW POWER REACTORS 3y

a 380,000 MWe
||( Y |

UO Flf:L2

O FABRICATION

RECOVERED URANIUM

f @00)MTU Pu02

| (99,669) kg Pu
g

ENRICHED UF6
10,602 MTU

O (8430)
SPENT FUEL

DISPOSAL

MIXED OXIDE :
FUEL FABRICAil0N4

ENRICHMENTO 38. 800 Swu
-

(30,600) JL
dL

NATURAL UF6
#'

I30'#I HIGH LEVEL WASTES . 3200 CANISTERS
NATURAL 00 TRANSURANIC WASTES .13,500 CU. METERS2
(2085)MTU PLUT0NIUM (TOTAL) .1,600 kg

CONVERSION
7 7 F

TO UF
6

U0 JL

81. 00 5i / !
:

O (53,100>
'

URANIUM MINES FEDERAL WASTE REPOSITORY

AND MILLS

NOTE: THE NUMBERS IN THIS FIGURE REPRESENT A -
6ORE.125.6 x 10 MT "5NAPSHOT" 0F ABOUT THE YEAR 2000. THE FLOWS

6(81.8 x 10 ; 0F MATERI ALS INDICATED ARE NOT INTENDED TO
CONSTITUTE A MATERI AL BALANCE. THE NUMBERSg

(U Pul0 RODS REFLECT THE PRODUCliON OUANTITIES PROJECTED
2 FOR THE YEAR 2000, NUMBERS IN I 1 ARE FOR THE

(2, ITl) MTM
CASE WITH REPROCESSING,

FIGURE 1.1. Annual United States Industrywide Fuel Cycle Requirements
for Light Water Reactors for ab0ut Year 2000 with and

O, Without Repr0 Cessing

O.
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1.3

United States. The major unit operations involved are listed below:g

Conventio'nal grinding of the ore to a' 20-200 mesh size.

Batchwise leaching of the uranium from the rock with sulfuric.

acid and oxidizing agents.

-O- Countercurrent.decantation of the uranium rich liquor..

Purification and concentration of liquor.

Percipitation of yellowcake by the addition of. ammonium.

hydroxide to raise the pH to 6.5-8.0.O.

1.3 CONVERSION OF YELLOWCAKE TO UF;

Both isotopic enrichment processes presently used require a gaseous
uranium mp und. Uranium nexafl uride (UF ) is a compound that sublimes-

6O.
at 56.2'C at atmospheric pressure, i.e., it is transformed from the solid -
to the gaseous state without the formation of any liquid. Therefore, the
yellowcake from the mill is converted to uranium hexaflouride so that the
gaseous enrichment processes .can be carried out at relatively low

temperatures.

The major processes required to converted ammonium-diuranate (yell'ow-

cake) to uranium hexaflouride are summarized below:

S Production of uranyl nitrate by digestion of the yellowcake with.

hot 40% nitric acid (batchwise).

Countercurrent solvent extraction of uranyl nitrate with 30%.

tribulylphosphate in hexane.

Stripping uranyl nitrate into the aqueous phase..

Concentration of uranyl nitrate by evaporation..

Decomposition of uranyl nitrate to uranium trioxide by heating
. .

'

to 274'C.

Reduction of uranium trioxide to uranium dioxide in a fluid bed.

reactor at 538'C.

[O Production of uranium tetraflouride by reaction with hydrogen,

flouride at 343 .538 C.

0;
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1.4

. - Production of uranium hexaflouride by reaction with elemental
O'

flourine in a continuous flame reactor.

Cooling and solidification of UF *.
6

.The produe;, UF , is stored and shipped as a solid.
6

O

1.4 ENRICHMENT

The U-235 content of naturally occuring uranium is approximately
0.72%. Light water reactors require uranium fuel enriched to 2 - 4% ,

O U-235. Presently, there are two commercially feasible methods for uranium
isotopic enrichment; namely, gaseous diffusion and gas centrifugation.

Gaseous diffusion is based on the principle that at a given temperature
lighter molecules U-235 molecules are lighter than U-238 will move with

O
a greater velocity than heavier molecules. When the. uranium hexaflouride
is pumped into a cylinder with porous walls, the faster moving, lighter
molecule,U-235F will strike the porous walls more frequently than U-238F *

6 6
'

If .the pore diameters in the wall are properly sized, the U-235 molecule ;O
will diffuse through the wall at a faster rate resulting in a small
incremental enrichment of U-235 molecules.

Gas centrifugation is based tn the' differences in densities betwen

o U-235F and U-238F . Centrifugal force applied to the UF throws the heavier
6 6 6

U-238F utward. Slightly enriched U-235F6 can be withdrawn from the center.
6

In both enrichment processes, only small incremental enrichments are
obtained in any one stage. Both processes require extremely large numbers '

O of stages to . enrich to the required concentration. However, the gaseous
diffusion process also requires large quantities of electric energy to

4

drive 'the compressors, while the gas centrifuge requires only approximately
4% of the energy required for gaseous diffusion.

O !

g FUEL FABRICATION1.5 U i

UO fuel fabrication requires two basic operations:
2

1. Chemical conversion of UF to U0 *g 6 2
'

2. ' Mechanical processing to produce finished fuel rods.

O'

- - - - - . - - - - . - - .- .- - -.



. - .. .- .

O. ;

- 1.5 [
:

1.5.1 Chemical Conversion

- The ammonium diuranate (ADU).-process is the major commercial process

for converting UF to.UO . The major operations are as follows: ;6 2

Hydrolysis of UF in water to form uranyl flouride (UO F ) and.
6 22

hydr f1 uric acid (HF).O.
'

Reaction of U0 F with ammonium hydroxide (NH 0H) to percipitate. 22 4
ADU.*

Mechanical separation of ADU solid..

O
Heating (calcining) the ADU in the presence of' steam and hydrogen.

to form U0 *
2 -

Another newer conversion method still being developed involves the

o direct conversion of UF to UO by reaction with steam and hydrogen at
6 2

elevated temperatures (600*C). This method called the direct conversion
fluidized bed (DCFB) method is passed the advanced development stages
and is in the process of being introduced commercially.

O
1.5.2 Mechanical Processing

,

Production of the finished fuel rods involves:

Pulverization of U02 p wder |.
'

O
Production of U0 Pellets by high speed presses.

2

Sintering pellets in a hydrogen atmosphere.

Loading of zircaloy tubing with pellets.

O
Welding end caps on loaded fuel rod.

Assembly of fuel rods into completed fuel assembly.'
.

In addition to chemical and mechanical processing, a third operation,
- O- scrap recovery, is einployed. Waste and rejected fuel material is recovered

at each step in the fabrication process and recycled to the appropriate areas.
!
!,

o_ Ammonium diuranate (ADU) is a compound of variable composition, but is i*

usually represented chemically as (NH U 0 ).4 27

Q.

._. __ . _ . ._. _ ._ . __ ._ _ _ _ _ . _ _ . . _ . ..
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2.0 FUEL CYCLE PROCESS FLOW RATES *

O
We determined the fuel cycle process flow rates using the computer

model NUFUEL based on the current Department of Energy's (D0E) projected

LWR electric generating capacity. DOE's projection along with cur '

estimation of the high and low boundaries of the projection are listed
O in Table 2.1. Figure 2.1 shows a graphical representation of these

projections. .

:
TABLE 2.1 LWR Generating Capacity Schedule

O

Capacity (GWe)
Year Median (DOE) High Low

1985 120 125 110 e

O 1990' 190 210 170

1995 280 320 200

2000 380 460 210

2005 480 610 210

0 2010 560 760 210 ;
2015 609 879 179

2020 623 993 143 ;

..O The median growth scenario is based on adding about 19 GWe LWR i

capacity per year to the year 2000. After the year 2000 the rate of
annual demand declines to about 10 GWe per year because of the intro-
duction of the fast breeder reactor or other advanced systems to the
market. The high growth scenario is our projection of what is feasible-O
for the industry given the incentive to increase LWR capacity. In the

Ihigh growth after 1990, additional LWR capacity is added on at the rate
of 28 - 30 GWe/yr. In the low growth scenario we arbitrarily assume a
declining rate of additional LWR capacity before year 2000, and no

O
additions thereafter.

We generated the process flow rates for each case in Table 2.1 using ]
Ithe computer model NUFUEL. We-ran a no reprocessing and a reprocessing
1

:0 beg 1nning in 1986 (plutonium and uranium recycle) scenario for each case. 1

,

4

O |

.__ _ . _ - _ _ _ . . .._ _. _ _ _ _ . _ . . . _ . . _ _ _ _ _ _ _ _ _ . _ _
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2.3

O We assumed a 500'MTHM/yr capacity in 1986, for the reprocessing scenario
.

with an additionni 500 MTHM/yr capacity each year thereafter until 1995.
From 1995 to year 2002 we assumed an additional- capacity of-1,000 MTHM/yr I

each year and an approximately constant rate thereafter. In all cases !
O we assumed no breeder reactors will be available before the year 2000.

'For this report we used a constant enrichment tails assay of 0.25%.

The HUFUEL mode has detailed batch fuel loading characteristics for
existing reactor supplied by the operating utilities. In addition, we

O
used model PWRs and BWRs to represent forecasted plants. Table 2.2 '

summarizes the average reactor characteristic for the model plants. In
Section 4 of this report, annual fuel cycle requirements are listed for *

PWR snd BWR model plants over a 30-year expected life time with and
0- without uranium and plutonium recycle. All plants are operated on a

capacity factor scheduled as follows:

First year, 40%
'

-O Second year, 65%

Third year through 15th year, 70%
16th year and over, decling at 2% per year

The fuel cycle process flows generated by NUFUEL for the median growthO
scenario for both no reprocessing and reprocessing through the year 2000 are
shown in Tables 2.3 and 2.4. We will use these process flow rates throughout
this report as a basis for calculating levelized prices for individual
components of the fuel cycle.

O

O

O

,

'?

.O.
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2.4 !

:0 TABLE 2.2.. Model Reactor Characteristics (l)

*
,

BWR PWR !

Thormal Efficiency, % 34 33 !O Specific Power, MWth/MT 26 38 i

Initial Core, Average ;

Irradiation Level, h1v/D/MT' 17,000 24,000

Fresh Fuel Assay, wt% U-235 2.00 2.38
O Spent Fuel Assay, wt% U-235 0.86 0.77

Fissile Pu Recovered, kg/MT(2) 4.8 5.6
,

Feed Required .ST 0 0 /MWe(3) '0.580 0.364 |38
Separatjyg Work . Requirements, 185 209

O SWU/MWeu/

Replacement Loadings, Annual Rate at Steady State and 70% !
Plant Factor;No Reprocessing

Irradiation Level, MWD /MT 27,300 32,500 -

O- Fresh Fuel Assay, wt% U-235 2.72 3.20 .

Spent Fuel Assay, wt% U-235 0.83 0.90 '

Fissile Pu Recovered, kg/MT(2) 5.6 6.5
Feed Required, ST V 0 /M e 0.192 0.19838 ,

Separative Work Requirements, 90 100
'

SWU/MWe(3)
'

,

,
!

Replacement Loadings, Annual Rate at Steady State, 70% Plant
O. Factor; Uranium and Plutonium Recycle

,

Fissile Pu Recycled, kg/MWe 0.195 0,197

Fissile Pu Recovered, kg/MT(2) 7.4 7.5
Feed Required, ST V 0 /MWe (3,4) 0.120 0.125'38

-0 3eparatjvg Work Requirements, 67 76
SWU/MWel31

(1) MWth is thermal megawatts, MWe is electrical megawatts, MWDt is thermal
megawatt days, MTU is metric tons (thousands of kilograms) of uranium,

is short tons of U yellowcake from an ore processing mill.
OneSWU}0
and ST.U

s equivalent to one kg,0$f separative work..O 8
.

(2). After losses. - >

'(3) Based on operation of enriching facilities at a tails assay of 0.25%.
For replacement loadings, the required feed and separative work are net,

g- in that they allow for the use of uranium recovered from spent fuel.
Allowance is made for fabrication and reprocessing losses.

(4) . Include natural uranium to be spiked with plutonium; 0.0087 ST U 0 /MWe
for BWR and 0.0067 for PWR. 38

|
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]. TABLE'2.3 Process Flows-for'No Reprocessing and Median Growth
i

- YEf1R HINING Ut~6 EHRICHHHT U FltEL- SPENT PEPROCE55 PU INCR PU N0X INCR SPENT HASTE PU 5 ALES SPENT TAIL 5
" ' HILI ING CONYR 1000 f fib FUEL TRAN TRANS ^ STORAGE FAB FUEL STOR DISPOSAL KO FISS FUEL DISP COnP1
; 1000 ST 1000 HTU NT-SilU MTU HT-t#1 HT-It! 'KO-TOT LO-TOT -HT-HN HT4ih HT-HN HT-itN %

H/0 PU4

1977 13.0 9. 7 5. 8 1681. O. O. R G. R 2050. O. O. O. R 250
i 19?8 ' 14.7 11.O 6. 7 1787. a 0. O 8. O. 3121 a 0. O. R 250

1979- .16. 1 12.1 7. 4 2193. 134. 0 0. R R 4153. O. 6. 134.. - R 250'

19U0 18. 0 -- 13.4 8. O 2259. 45& R 0. R 6. 5023. G. R 45& d 250
1901- ?a 5 15.3 9. 2 267d 622. O. 6. & R 5887. a 0 622. R 250'
1982 23.0 1?. 2 1a 3 2941. 836. 6. O. O. O. 6?56. a 0. 836.. O. 250-

1903 25 7 19.2 11.6 3368. 1074. O. O. - O. - 8. 7514. O. O. 1074.J 0.250
1984 28 6 21.4 12,9 3700 1163. a 0. 0 0. 8427. 8. O. - 1163. ' O.250
1985 31.4 - 23. 6 14.4 4091. 1328. O. O. & 0. 9436. O. & 1328. - R 2501
1986 34.2- 25.7 15. ? 4443. 1486. & 0. O. O. 10626. O. O. 1486. & 250-

i 1407. 36. 9 27.9 17.1 4791. 1705. & G. O. 8. 1193R 0. O. 1705. R 250
; 1908 40 4 30.2 18.5 5147. 1832. O 0.. O. G. 13435. O. O. 1832. O 250-
' i M9 - 44.0 33.3 20.4 5716. 20?6. 0 - O. 0 0. 15033. O. O. 2076. O.250
a 1990 4 ?.1 35 6 21.9 6187. 2337. O. O. G. O. 16692. O. O. 2337. O.250

1991 SR 3 3R 1 23.5 6552. 2676. O. O. O. O. 18329. O. O. 2676. O.250*

1992 53. 7 .40.6 25.1 6977. 2009. O. O. O. G. 199?7.. O. O. 3009. R 250 .m-

-1993 5?. 3 43, 3 26.? ?412. 3337. O. O. 0 8. 2i?OR 0. -- O. 3337. O.250 ut

151 61. 1 46.3 28. ? 7939. .3674. a 0. O. R 2349?. O. O. 36?4. O.250
'

1995- 61.5 48.9 30.4 8418. 3996. O. O. O. 6. 25362. O. 0 -3996. O.250s

19 % 67.9 51.6 32. 0 8840. 4313. O. O. O. & 27298. O. R 4313. R 250
1997 7L 4 54.3 33.8 9289. 4657. a 0. O. O. 29288 6. O. 465?. O 250
1943 74. 9 57. 0 35 5 9?40. 5060. O. O. O. O. 31299. G. O. 506d - O.250=.

| 1999 PR 2 59.5 37.2 10175. 5471. a 0. O. O. 33325. O. R 5471. O.250
* 2000 . 81. 5 62. 1 3R 8 100.02. 5861. 0 8. O. O. 35371. O. O. 5661. a 250
7 2001 01.7 64 5 4a 4 1101& 6249. O. & O. & 37432. O. O. 6249. 0 250

2002 8?.8 66.9 42.O 11424. 664?. O. O. O. O. 39487. d O. E.64 7. O.250
2003 90 1 69. 0 43.5 11819. 7071. O. O. O. O. 4150d O. 0 7071. - O.250

4 2 3.11 92. 0 7d 3 44.-3 11979. 7497. a 0. O. O. 43461. O. O. 7497. O.250 ,

j 2915 91.4 '72.2 45.6 12219. 7907. O. O. R & 45375. O. O. 7907.' O.250
2006 96.5 73.8 46.7 12548. 8310. ~ 0. O. & O 47241. O. & 8310.. O.250
2007 98. 3 75.3 47.6 12799. 8702. O. 6.- R 0. 49025. O. - O. 8702. e 250-

i 2nn8 100.1 76.7 da 5 13022. 9084. . 0. O. O. O. 50661. O. 0 .9084. ' O.250
2099 101.8 7& 0 49.4 13248. 945d 0 0. O. G. 52132. O. O. 9458. O.250:

2010 103.4 79.2 50. 2 13460. 9821. 0 8. O. 8. 53453. O. O. 9821; 0.250
2011 104.9 80.4 51. 0 13667. 10176. 0. - O. O. O. .54607. d O. 10176. O. 250

; 2012 105.9 81.3 51.6 13846. 10486. 6. O. O. O. 55837. O. 6 10486. R 250
' 2013 105.6 01. 5 52. 0 13965. 1072R 0. O. 0 0 57577. O. O. -1072R 0.250- -

- ?614 101. U 8A 6 51.4 13?27. 10929. O. O. O. O. 59123. a & 10929. O 250
2015 101.7 80.6 51.5 13618. 11142. 0 0. O. O. 60574. O. O.. 11142. O,250

- 2n16 10 t 5 80 4 51. 4 13651. I1330. O. O. O. O. 61919. & & 11330. & 250
'

! 2017 103. 8 80. 0 51.2 13593. 11?i6. O. O. O. O. 62632. O. & :11716. - d 250
2010 102. 1 79.1 50. 8 13492. 12460. O. O. O 6. 62751. R 0. 1246d O. 250
2019 99.9 7?.2 49.7 13142. 12475. O. O. O._ 0. 62483. O.- O. 12475. O.250

- 2nN1 9?. ? 75.7 4a 8 12784. 12593. - O. O. O. O. 62279. O. O. 12593. O.250
I TOIL 2037. 5 232a 3 1459.0 395939. 25187& 0. O. O. O. 1445081. O. O. ~ 251878J

4

i
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3.0 FUEL CYCLE COST ESTIMATIONg

In this chapter we will summarize the procedures and assumptions
used to calculate levelized unit prices for each component of the front
end of the LWR fuel cycle. We will report changes made since the previous

O report. We will then show our most current price projections, along with
comparisons to other researcher's projection, and our estimated range of
uncertainty connected with our projections.

We used the UNICST computer model to calculate levelized price for
O each fuel cycle component. In Section 3.1 we will describe the procedure

and capabilities connected with this model. Sections 3.2 through 3.5 will
then summarize the specific calculations and assumptions required for input
to the UNICST model for each component.

3.1 UNICST COMPUTER MODEL

The UNICST model is set up to perfonn a discounted cash flow analysis
to calculate a levelized price.* The model can be run in two modes:m

U

l. Plant cost flows are entered

2. Plant building schedules are used

O In Mode I we enter dollar and production flows in each year for a specific
plant. UNICST performs a discounted cash flow analysis on this data to
calculate the levelized price for this particular plant. Mode 2 requires
a demand schedule in addition to dollar and production flows. We then

O specify maximum and minimum capacities allowable in any year. We assume

a scenario that will represent a vendor in the market and specifiy the
market share that this vendor will receive. The program will then build
plants and make additions to existing plants to satisfy the portion of the

O demand held by this vendor. As in Mode 1, a discounted cash flow analysis
is performed and a levelized price calculated for each plant built. The
average levelized price for a given year is taken as the weighted average
of the levelized prices of all plants operating in that year. The program

O

The levelized price refers to the price that must be charged to recover*

the original capital investment with the required rate of return by the
end of the plant life.

O



O

3.2
.

' then prints out the average levelized price versus years. UNICST has the
O added capability of using a factor for learning in generating the price

forecast. The learning curve incorporated in UNICST is a technology
learning curve which assumes an increase in productivity per unit capital i

due to technological advances as function time.
O

A typical example of a UNICST run using UO fuel fabrication as an
2

example is shown in Appendix A. A learning effect of increasing production
capacity per unit capital dollar by 1.5% per year is included in this
sample run.

.O

3.2 URANIUM MINING AND MILLING

3.2.1 Cost Estimation Procedure

Based on historical information contained in Statistical Data of the
Uranium Industry (1977),II) we determined an average ore grade associated

with each forward cost category. These values are shown in Table 3.1.

O From the statistical data we assumed a production facility size of 2000 T
ore / day.

TABLE 3.1. Average Ore Grade Versus Forward Cost

O
Average Ore Grade (% U 0 )3g

Forward Cost Underarouna Open Pit

$10 Reserves 0.28 0.16 -

O S15 Reserves 0.115 0.08

530 Reserves 0.064 0.046

$50 Reserves 0.032 0.023

We determined scaling factors for the capital and operating costs
versus plant size and ore grade based on Klemenic's date.(2) Required

lead times and some cost information were used directly from Klemenic;
however, more current information was used when it was available. We
quote all costs in 1977 dollars. He scaled up capital costs from otner

O
years using the Marshall Stevens Construction Index fcr tiining and flilling.*

* Found monthly in Chemical Encineerino, published by McGraw Hill.o
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Since mining is a labor intensive operation, we adjusted operating costs
D based on the average hourly earnings of metal miners.(3) We determined

exploration costs from current statistics (I) and mill costs from a vendor's

quote. We used the UNICST computer model to calculate a levelized price
for each forward cost category. The assumptions used in the UNICST program

O are listed in Table 3.2. Only the reserve and probable uranium supplies

TABLE 3.2. Assumptions for Levelized Prica Calculation

O 10-Year Total Lead Time.

10-Year Mine Life.

2000 Ton / Day Processed, 330 Days /yr.

.

O Constant Mill Tailings of 0.0075% V 0. 38
' 75% Equity Funding, 8% Bond Interest Rate.

15% Required Internal Rate of Return.

O 48% Federal Income Tax, 7% State Income Tax, 7% Investment. ;

Credit, 4% Property Tax i

A Depletion Allowance of the Lesser of 22% Gross Revenues.

or 50% Net Income
O

.

were considered. We assumed the probables were more expensive due to

increased exploration costs. We estimated these increased costs by looking
at the exploration cost trend required to add on the next reserves. These {

'O levelized prices from UNICST and the estimated quantities available at each
levelized price were entered into NUCOST. NUCOST calculates a price forecast
based on anticipated demand. The uranium demand data is shown graphically
in Figure 3.1. We arrived at these demand schedules by methods discussed

'O in Chapter 2. For our reference case we used the median growth, no
reprocessing scenario. NUCOST will mine 1/10 of each price block per year
until the yearly demand is met. The price will be set by the highest priced
block mined. The next highest priced block will overshadow the lower priced

'O blocks resulting in a gradual rising of the price to the level of the next-

uranium block to be mined. NUCOST accomplishes this effect by discounting
the next highest priced block back to the lower priced block at 10%/yr and
setting the price at the greater of the two values for each year.

O 1
.

. . - . .-. -- . . - . , - . . - - . - . . - , - -. . - . _ - . . . . . - . . . . . . _ . . . . . - ,
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3.5

Af ter developing 'our price projection, we identified areas ofg.
-uncertainty to estimate the range of uncertainty in our forecast.

3.2.2 Changes-From Last Report

O . The price forecast we generated in this report will differ slightly
from the previous forecast due to updating of the uranium demand schedule
as discussed in Chapter 2 and the extension of uranium demand and price
forecasts to the year 2020. The levelized prices for each forward cost

O category _ remained the same.
,

3.2.3 Comparative Results

The expenditures for our reference mines are shown in Tables 3.3 and

g 3.4. These costs were used in UNICST to develop the levelized prices for
.each forward cost category as shown in Table 3.5. We used ERDA's(I)
uranium reserves and probables in the NUCOST model. The levelized prices

.O ' TABLE 3.5. Levelized Price Versus Forward Cost
Category

Levelized Price ($/lb U 0 )38
Forward Open WeightedO Cost Category Underground Pit Average

Reserves ($)
10 26.06 26.78 26.30
15 31.71 40.71 34.400
30 48.28 59.07 51.60
50 78.03 111.94 88.20-

Probables ($)
10 48.48 40.23 46.20

O 15 43.20 48.25 44.70
30 60.87 76.76 65.80-
50 81.32 114.85 91.38

O
'

In Figure 3.2 we showand ouantities available are shown in Table 3.6.
our uranium price projection in comparison to other price projections.
No'te that all price estimates are lower than the current exchange price
shown by,the dashed line. It appears likely that the current exchange
price will remain relatively constant until 1985 to 1990 at which time

,
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k_ -TABLE 3.3. Expenditures for Underground Mining and Milling
Basis: 2000 T Ore / Day

,_

.

'

- Foward Cost Cateaory. 1/lb

i Reserves -Probables Years *
" I ncurredS10 515- 530 $10 $15 $30-
1

i' Average Ore Grade ,($'U3 8)- 0.28 0.115 0.064- 0.28 0.115 0.064
~

~

6 6 6 6 6 - 0.746x10 -6Throughput (lb U 0 /yr) 3.6x10 1.42x10 0.746x10 3.6x10 1.42x103g

;- Millions 1977 Dollars

' Capital Costs
'

Field Expenses 26.03. 4.93 -1. 65. 67.45 14.39 ~7.84- 1,2,3 d 5~

. Property Acquisition 21.38 4.05 1.35 55.40 11.82 6.44 '1,2,3,4,5- i

- Exploration Drilling 35.33 6.69. 2.23 91.53 19.52 10.63 3,4,5,6'

F ' Development Drilling- 10.23 1.94 0.647. 26.50 5.65 1.03 5,6,7 -

! . Mine Primary Development 44.57' 32.76 26.74 44.57 32.76 26.74 8,9,10'

Hine Plant and Equipment 8.18 6.01 4.91 8.18 6.01 4.91 11.16 .

: Mill Construction 60.0 60.0 60.0- 60.0 60.0 60.0- 9,10
i Tot'al' Capital Cost 205.70 '116.40 97.50 353.63 150.15 119.64

; Opera tin 9.Cos ts -(Annual)
,

'

Minin9- 9.31 5.82 9.31 9.31 5.82 4.27 - 11 + 20-

|Haulin'9 0.65 0.65 ' O.65 - 0.65 .0.65 0.65 11 - 20,

Mi11ing 3.85 '3.69 3.85 3.85 3.69 3.59 -11 + 20*

| -Royalty' 3.60- 2.13 3.60 3.60 '2.13 2.24 11+20.g
Total Operating Cost (Annual) 17.41 12.29 17.41 17.41. 12.29- 10.75 [#

|- a
.

'

,

; Production begins in the lith year.~*
.

A.L.~.-.___ ....s. _ . ~ _ - - - -.. - . . . ..-..m ,. . , s . . , ._ ...s . ~ . - . -
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FIGURE 3.4. Expenditures for Open Pit Mining and Milling
Basis: 2000-T Ore / Day

~ >
s

forward Cost Cateoorv. $/1) '

Reserves )robables Years *
510 $15 $30 510 $15 530 Incurred

Average Orc Grade (% U 0 ) 0.16 0.08 0.046 0.16 0.08- 0.04638
6 6 0 0 6Throughput (1b U /yr) 2.0lx10 0.96x10 0.51x10 2.01x10 0.96x10 0.51x1038

.

i

Millions 1977 Dollars

Capttal-Costs4

; Field Expenses 9.14 2.5 0.89 23.69 7.29 4.24 1,2,3,4,5
'

Property Acquisition 7.51 2.05 0.73 19.46 5.99 3.48 1,2,3,4,5- M,

. Exploration Drilling 12.40 3.39 1.21 32.16' 9.89 5.75 3,4,5,64

1 Development Drilling 3.59 0.98 0.35 9.31 2.86 1.66 5,6,7

i_ -Mine Primary Development 54.36 50.17 47.07 54.36 50.'17 47.07 '8,9,10-
'

.

Mine Plant and Equipment 1.85 1.71 1.61 :1.85 1.71 1.61 11,16

i Mill Const'ruction- 60.0 60.0 60.0 60.0 60.0 60.0 9,10
Total Capital ' Cost 148.9 :120,8 111.9 200.83 137.91 123.82 '

,
. . o,

; Operating Costs (Annual) S
j Mining 1.55 0.97 0.67 1.55 0.97 0.67 11.+ 20 $

ilauling 0.65 0.65 0.65 0.65 0.65 0.65 11 + 20
F Milling 3.75 3.61 3.53 3.75 3.61 ~ 3.53 11 + 20

j- -Royalty 2.01 1.44 1.53 '2.01 1.44 -1.53 11 + 20
Total Operating Cost (Annuali 7.96 5.67- 6.38 7.96 .6.67 6. 38 .-

.*

* * Production begins-in the 11th year.

:

_ , - . . _ . . . _ . _, - . - _ . _ _ _ , , - . . . _ , . _ , _. , . - - - _. ,-. _ . .
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o TABLE 3.6. Levelized Price of U 0 Versus Projected38Quantity Available

Levelized Price Quantity
3($/lb U 0 ) (10 TonsU0g Cumulative3 _g 3

26.30 250 250

34.40 160 410

39.50 150 560

44.70 160 720m
''

46.20 275 995

51.60 270 1,265

59.00 266 1,525

65.80 245 1,770
0 88.20 160 1,930

91.38 210 2,140

the price will rise to approximately $60/kg U 0 by year 2000 (1977 dollars).38

3.2.4 Comparison with GESM0(6) Estimates

For the current estimates we used the same basic price calculation in
NUCOST as was used for GESMO.(6) However, the following differences are

o incorporated in this report.

1. Only reserves and probables forward cost categories are used.
All other forecasts used this procedure or only reserves.

O 2. Cost for $10 reserves are virtually the same as in GESM0 escalated
to 1977 dollars. Variations in other categories are a result of

a more detailed analysis than used in GESMO. - A comparison of the

values is shown in Table 3.7.
O

TABLE 3.7. Comparison of Uranium Cost Estimates

Reserves Probables
O Forward Cost 3E5MO ($77) inis Reoort GESMO ($77) This Report

10 28 26 33 46

15 40 34 44 45

30 69 52 81 66

O

.- ,
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0 3. Based on the fact that the reserves associated with existing mines
are not available to the new price setting mine, the market price
is cased on a more expensive cost category. As a result, this
revised formulation is sensitive to the annual rate of demand,

O whereas the GE5M0 model only considered the cumulative use.

3.2.5 Uncertainties of Price Projections

o To ascertain the reliability of our forecast, we determined the factors
that were most likely to vary in our price calculation and their effects on
the calculated levelized price. The uranium prices are strongly dependent
on the ore grade mined. The ore grades that will be discovered in the future

O can only be roughly estimated, and the costs of finding these future ores is
not based on historical experience since the past data on the lower grade ores
is limited. The demand for uranium will also have an effect on the uranium
prices. Changes in government policy regarding tails assay, plutonium recycle,
and the breeder reactor will all affect the net demand. Public acceptance org
rejection of the nuclear alternative will also play a part in establishing the
dE nand for uranium. In addition to these factors, mine operation and policy
will change the price of uranium. For example, a change from 15 to 20% return
n investment would result in an increase in the levelized price of 15%. Should

O
the mine operate for 15 years instead of 10 years,.a practice which is common,
the levelized price would drop 12 to 14%. Reports in the literature of mill
prices as low as $15,000/ ton ore / day (9) would decrease the levelized price

by 5 to 20% depending on the ore grade being processed. Taking these factors
O into consideration collectively we estimated the variability of our estimates

to be approximately plus or minus 20 to 30%. This was shown graphically in
Figure 3.2 by the solid lines bounding the price projections.

o
3.3 UF CONVERSIONg

3.3.1 Cost Estimation Procedure +

The estimated demand for UF conversion is shown in Figure 3.3 for theg 6
median growth scenario with and without reprocessing. Based on industry ,

estimates (10) we chose a reference facility capacity of 10,000 MTU/yr at a

capital cost of 575 million (1977 dollars). Operating cost estimates by
'

O
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.GellerI4) were escalated to 1977 dollars at 6%/yr and used to calculate the.

levelized price. A breakdown of the expenditures is shown in Table 3.8. We

| used UNICST in Mode 1 as described in Section 3.1 to calculate the levelized

O price. The assumptions used in UNICST are listed below:

L S-yr construction and desigo.

70% capacity factor including startup.

20-pr amortization|O .

i

75% equity funded.

12% return on investment.

8 bond interest rateO ..

| . 48% federal income tax, 7% state i scome tax, 7% investment tax
| -

credit
:

|O.

!
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:

O The estimated capital and operating cost along with.the assumptions listed
above were used as input'into UNICST to generate a levelized price.

;

s

TABLE 3.8. UF Conversion
6

I-O
Basis: 10,000 MTU/yr)

9

Capacity Factor: 70%
Lead Time: 5 Years ;

1
'

0 .

Expenditures (1977 Dollars) ;

Capital Cost ($ Millions) 75.

,

Operating Costs- ($ MM/yr)
.;O Labor 6.0

ISupplies 12.7

G&A (2% Price) 0.7
Sampling & Shipping (5% Price) 1.7 ,

;O
TOTAL 21.1 MM/yr '

Levelized Price, $5.12/kg U
;
;

I3.3.2 Comparative Results'O
We estimate the price of UF conversion based on a plant constructed'

6
from 1977-1982 to be $5.12/kg U (1977 dollars). We feel that conversion -

is an established chemical process in a competitive market so .there will !

10 be little price change in constant dollars over time. However, should new
processes be introduced such asL the direct conversion fluidized bed process,

'

improvements may result which would lower the levelized price.

Other literature estimates of conversion costs are -listed in

|O Table 3.9. !

10 --
,

!.
- --

,

,

.O 1
'

I

-, W., . , . . - .-.~c-,r,,,,,-...,...,,c,. ,.~,e,,-,-.,-.--,_ .-,.--n..,, , , , , . . , , ~ , - , , , , - . . , ~ . . , . - - _ . - . - . ,n.,
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TABLE 3.9. Comparative UF Conversion Estimates
6

$/kg U*

This Report'' 5.12

O Geller(4) 4.97

-SouthAustralianGov't(II) 4.90

TRW(I2) 3.60

o
* Other years escalated to 1977 dollars at 6% per

year.

o 3.4 ISOTOPIC ENRICHMENT

,

3.4.1 Cost Estimation Procedure

Our projections of separative work unit requirements for the high,
O low, and median no reprocessing, and the median reprocessing scenarios

are shown in Figure 3.4. The government recently decided to meet the
growing demand for separative work by constructing an 8.75 million
SWU/yr gas centrifuge facility. We. assumed that this plant will be the-

O price setting producer so we chose it as our reference facility. The
Department of Energy's latest capit'al cost estimate for the project is

$4.5 billion (1978 dollars). ERDA(13) estimates for annual labor and
supplies of $104.2 million were used (1977 dollars). Power requirements

O. were taken to be 4% of the 2400 kW-br/SWU needed for gaseous diffusion'
plants. Power costs were assumed to be -1.6c/kW-hr. A value of $10.7
million per year was used to cover administration and R&D. Feed and

flywheel cost estimates were calculated based on the interest carried

O on the feed and flywheel value for three months. Table 3.10 summarizes
the cost data for the levelized price calculation.

O-

0-
..
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!
.. !
O' TABLE 3.10. Gas Centrifugation '

5Basis: 8.75 Million SWU/yr-
-Capacity: 95% '

b- Lead Time: 8 Years

Expenditures (1977 Dollars)

Capital cost (' Billion $) 4.2-O ,

Operating Costs ($ MM/yr)

Labor '49.1 '

'

Supplies 55.1
O Power 10.1

Feed & Flywheel 71.1

R&D and G&A 13.4

' O_ TOTAL $199.4 MM/yr
,

3.4.2 Assumptions

For our reference price projection we assumed that DOE will.begin using .

10- commercial pricing for this plant. We used conditions reported in the .

literature (I4) for government comercial pricing. The conditions are:

12% return on equity.

o . ' Debt / equity ratio = 50/50

8% bonds.

,

40% federal income tax.

!

:O For our government owned pricing we used 6.5% as a cost of money with 100% ,

equity funding. No allowances for taxes, business risks, etc. were allowed
in the government owned calculation.

:O '

i

i

(OL |
,.

3p +*-r a ,.. 3 .,y.. ,.g.y,. era. .-,,.cy, . . , , , .,,,,,..w-..,.,. n , ., ,.,., e,.-.y--,-, , .,,.v -,w.# , ., g.,,-w-,
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1
3.4.3 Comparative Results 1

0
Figure 3.5 shows our price projection for commercially priced separative

work. We find the price to be $100/SWU in 1986 when the gas centrifuge would
come on line (1977 dollars). This agrees with DOE estimates for separative
work. The dashed line represents a hypothetical path that the separative

O
work price will follow from the present DOE (15) requirements contract charge
of $76.02/SWU to the commercial pricing value. The point at which the
separative work price reaches $100/5WU will vary depending on when the

government adopts commercial pricing. The Stoller estimate on Figure 3.5 is
O

considerably lower than ours since their estimates assumes typical government
ownership without return on investment, taxes, etc. Other point estimates are
also shown in Figure 3.5. The GESM0 estimate is also based on government
ownership.

O
Since gas centrifugation is a new process, we expect learning will

result in price decreases as shown by the declining price projection after
1995.

O
3.4.4 Uncertainty

The upper limit for our projection shown in Figure 3.5 was developed
based on higher labor and supply estimates by other researchers.(4) The

0 1 wer limit is based on the present government ownership separative work
price. This is the separative work price that would be charged if commerical
pricing is not adopted.

3.5 00 FUEL FABRICATIONO 2

3.5.1 Cost Estimation

The UO fuel fabrication requirements developed in Chapter 2 are shown2

O in Figure 3.6 for the median growth reprocessing and no reprocessing scenarios.
The median growth no reprocessing scenario was used in this report to calculate
the levelized price.

We assumed a reference size U0 fuel fabrication plant for production
2O of PWR fuel elements to be 1500 MTU/yr, using the plant size suggested in

GESMO.(6) Capital cost estimates found in the literature were escalated to

O

,
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1977 dollars usingL the Engineering News Record (ENR) Construction Cost
0 Index,* which includes factors for buildings, equipment, and labor.

Table 3.11 shows,these costs. From this data we estimated our 1500 MTU/yr
i

i

TABLE 3.11. Capital Cost Estimates Versus Plant Size
O.

Base
Year 1977-

Plant Size Reference Cost Cost
(MTU/yr) Number Year ($MM) ($MM)

O. 260 16 1968 4.9 10.5

1,000 17 1969 20 42.8
'

1,250 18 1975 50 61.4

O 1,500 19 1973 36 51.3

1,500 20 1975 110 135-
-

.

reference fa ility t have a capital cost of $62 million (1977 dollars). [O
Operating costs were estimated by determining material requirements,

personnel requirements and miscellaneous expenses from various reports and
documents. Table 3.12 is a summary of the manufacturing costs required for

O the 1500 MTU/yr reference facility.

The capital and operating cost estimated above were used to run ;

UNICST in Mode 2. We. assumed our vendor was one of the large producers

(i.e., Westinghouse or General Electric) and, therefore, alloted a large
,

O share of the market. The UNICST model built fabrication plants through
'

the year 2000 to satisfy the vendor's market share of UO . fuel fabrication
2 ,

requirements outlined in Figure 3.6. i

For the UNICST run we assumed a return on investment of 20% with a
O debt to equity ratio of 25/75.

:

-O >

* The Engineering News Record Construction Cost Index appears weekly in the
Engineering News Record.

,

O
:

. _ , - - . _ . . , , . . , - . . . . . , - ,, . . . , , _ - - - . - - - - . - , . . . , , , m._. . .- - - , . - - ,
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TABLE 3.12. .U0 Fuel Fabrication Operating Expenses
2

Basis: 1500 MTV/yr

I. MANUFACTURING COSTS
"

O A. DIRECT PRODUCT COSTS

Process Materials Million $/ Year
,

Zircaloy Tubing 40.0
Zircaloy End Caps 4.5

0 Zirconium Hardware 9.7
Stainless Steel Hardware 8.4

TOTAL 62.6

Operating Labor *
O

Supervisory 1.6
Labor 10.7

TOTAL 12.3

O Utilities

Electricity 1.45
Natural Gas 0.004
Process Water 0.002

O TOTAL 1.5

Maintenance and Repairs 3.7

Miscellaneous Materials 0.6
'

O Patents and Royalties 1.0

Mechanical Warranties 6.8

O
TOTAL DIRECT PRODUCTION COST 88.5

O * Laboratory expenses included.
.

~O- ;

, ,. - . -- . . - . . ... - . - - ..- . - -- . - . . - -.
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TABLE 3.12. (Continued)-

B .- FIXED CHARGES * Million $/ Year

. Plant Overhead '9.6o-
Administrative Costs

Management . 4.6
Professional- .3.5 -
Technical 1.7.

0- Clerical- 0.6
TOTAL 10.4

Distribution and Marketing 6.8

Research & Development 4.1 -

Contingencies 5.4

TOTAL FIXED CHARGES. 36.3'O.

TOTAL OPERATING EXPENSES 124.8

O
;

The fixed charges such' as depreciation, taxes, insurance, financing, !
*

and the gross earnings are incorporated into the total product cost )

by the UNICST computer program.' '

O

,

6

~O-

l

.O ]

O j
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3.5.2 Changes From Last Report

Since the last report on fabrication we have modified UNICST.to develop
-a- technological learning described in Chapter 2. Based on a 1.5%/yr increase
in productivity.per capital dollar, the latest forecast shows a 5 - 10% lower

o price. forecast than the initial report. I

3.5.3 Comparative Results

We.found that 00 -fuel fabrication is a material and labor intensive -

2
O operation. Operating expenses are responsible for 82% of the levelized

price with materials being 50% of- the operating expenses and labor 18%. !
'

In Figure 3.6 we show our price projection developed by UNICST in
comparison with other forecasts. The UNICST results from.this run are

O compiled in. Appendix A. There is close agreement between all price forecasts.
All forecasts, including ours, indicate a slight decrease of approximate 1y' . c

1%/yr in constant dollars due to learning effects. ;

;O -3.5.4 Uncertainty
~

Since fabrication is so highly material intensive, changes in the capital
cost estimate have little or no effect on the overall levelized price. We
assumed an uncertainty in the price of materials and labor to be plus 'or minus j;g

'

20%. This results in an overall range of uncertainty of plus or minus 15%
indicated by the outer boundary lines in Figure 3.6.

-q

;O

4

O.

.

O

.O

:
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4.0 FUEL CYCLE COST SUMMARY
O'

This section summarizes the impact of each'of the foregoing unit
cost estimates in terms of total fuel cycle cost. Fuel cycle costs
are estimated for the entire LWR eccnomy through year 2020 for cases

O - with and without reprocessing. In addition, single reactor fuel ' cycle
costs are estimated .for 1,000 MWe PWRs and BWRs. A computer model
developed as part of the GESMO project called NUCOST is utilized to

calculate the fuel cycle cost for the LWR economy and for the single
_O reactor cases.

4.1 FUEL CYCLE FOR LWR ECONOMY

Fuel cycle costs are estimated for the LWR economy using the
'O median growth projection for cases without reprocessing and with uranium I

and plutonium recycle. In the case of uranium and plutonium recycle,
reprocessing is assumed to be available starting in 1986. Reprocessing-
capacity is expanded at approx'imately 500 MT/yr through 1995 when the

O. rate increases to 1,000 MT/yr until the' total capacity of approximately
12,000 tit /yr is achieved. It is assumed that recycling of uranium and
plutonium occurs within one year of the recovery from reprocessing.
Table 4.1 summarizes fuel cycle process flows for the median growth case *

O with no reprocessing. By year 2020, 3 million short tons of U 0 are
38

required to operate the system which exceeds the DOE known reserves and '

probable resource categories. In Table 4.2 the maximum uranium price of
;

$91.40 is achieved by year 2010 at which time it is assumed that additional i

O material can be found at prices equal to or less than this from the possible
and speculative categories. Unit cost presented in Table 4.2 for the front 1

end of the fuel cycle steps are consistent with those projected in Section 3
of this report. The fuel cycle processes representing the back end of the

O fuel cycle were not investigated in this report; however, an update of
the GESM0 estimates including some information developed as part of the '

Generic Environmental Impact Statement for Commercial Wastes (GEIS-CW) is

used. The resulting annual cost to utilities to operate the fuel cycle are l

|
O summarized-in Table 4.3. This table is derived by multiplying the process i

Iflows from Table 4.1 times the unit co'sts from Table 4.2 with appropriate

O- i

|
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i TABLE 4.2. Projected Unit Cost Median Growth with No Reprocessing
. (in 1977 Dollars)

.

,

i

: i
|

i t

YEOR' U308 U SEP UORK U FAB SPENT REPRO PU INCR FU H0X ItaCR SPENT . HASTE PU YALUE SPENT >

f - RS BIENED CotNR FUEL TRAH TRAN STORAGE FAB FUEL STOR DI5F105AL FUEL DISP
t/LB $MlO-U t/5t tu $/KG-U TAO-HM t/KO-HM */G-TOT $/G-TOT t/KO-HH t/KG-t & YR t/KG-HN t/G FI55 * AG-HM ~

H/O PU-,

ESCR 0. 0% 0 O*t O. 0% 0. 0% 00% 0. 0% 0. 0% & 0% P 0% d 0"f R 0% R 0%
1977 42.0 4. 6 ' 7a 0 95. 0 15.O iSR 0 0.02 0.00 350.0 - 5. 8 2R 0 . .O.00 95. 0
1978 42.O 4. 6 77. 0 94.5 15. 0 15R 0 0. 02 a 00 350 O 5. 8 2R 0 - R 00 95. 0
1979 42.0 4. 6 80 0 93.9 15.0 150 0 8.02 0.00. 350.0 5. 8 2R 0 .0 00 95.O
1980 42.0 4. 6 82. 0 93.2 15.0 15a e O.02 0. 00 35d 0 5. 8 20. 0 0. 60 95. 0<

1981- 42.0 4. 6 84.O. 92.5 15.0 15d 0 & 02 0. 00 350.O 5. 8 20 0- R 00 95. 0*

1982 42.0 4. 6 8?. 0 92. 0 15. O 15d 0 0.02 6.00 35a 0 5. 8 2d 0 R 00 95. 0
1983 42. 0 4. 6 90. 0 91.8 15.0 15a 0 0.02 6. 00 -35& O . 5. 8 20. 0 & 00 95. 0
1984 42.O 4. 6 93 0 91. O 15 0 150 0 6. 02 & 00 350.0 5. 8 20. 0 0. 00 95. 0
198"s 42.0 4. 6 95. 0 90 5 15.0 15a 0 a 02 a 00 - 35d 0 5. 8 20. 0 0. 00 95. 0
1986- 42.0 4. 6 9a 0 89.9 15.O 150.O 6.02 0. 00 35d 0 - 5. 8 2d 0 0. 00 95. 0
198? 42.0 4. 6 ' 200. 0 89. 0 15.0 150. O 8.02 0.00 350.0 5. 8 . 20 0 - O. 00 95. 0,

1988 42.O. 4. 6 100. 0 88. 5 15.0 150 0 0.02 0. 00' 35a 0 5. 8 20 0 0.00 95 0
.ia89 - 44.7 4. 6 10& O 88 0 15 O 15a 0 0.02 0. 00 350.O 5. 8 20. 0 0.00 95.O.

;' . 1940 44.? 46 100 0 8?. 4 15.0 150.0 6. 02- O.00 350 0 5. 8 20. 0 0. 00 95. 0
1991 44.7 4. 6 100 0 87.0 15.0 150 0 0 02 & 00 35a O 5. 8 2d 0 0. 00 95.0
1992 44.7 4. 6 .100.0 86 0 15.0 150. O O.02- O.00 350.0 5. 8 20. O O. 00 95. O A
1993 4& 2 4. 6 95.0- 85.5 15.0 150. 0 0.02 a 00 35R 0- 5. 8 2R 0 R 00 95. 0 *

1994 46.2 4. 6 94. 0 85.0 15.0 150 0 0 02 6. 00 35R 0 5. 8 2d 0 0. 00 95. 0
1995 46.2 4. 6 93. O 84.4 15. O 150 0 6.02 R 00 350. 0 5. 8 20. 0 & 00 95. 0
1996 46.2 4. 6 92. 0 83.9 15.0 15d 0 6.02 0 00 35d 0 5. 8 20. 0 0. 00 95. 0
1997- 47.8 4. 6 91. 0 83.2 15. 0 150. 0 & 02 6. 00 35d 0 58 20. 0 0.00 95. 0

.
1998 51. 6 4. 6 91. 0 82. 8 15.0 150 0 R 02 0.00 35d 0 5. 8 20.O O.00 95.O

! 1999 54.6 4. 6 90. 0. 82. 0 15. 0 15R 0 0.02 & 00 350.O 5. 8 2d 0 0. 00 95. 0
2000 59. 0 4. 6 89. 0 81.5 15.0 15a 0 0.02 0. 00 350.0 5. 8 20. 0 0 00 95. O,

i 2tM1 60. 0 4. 6 8a O 81.0 15.0 15R 0 0.02 a 00 350.0- 5. 8 2a 0 a 00 95.O
i 2002 64.8 4. 6 87.O Oa 7 15.0 15& 0 0. 02 R 00 35R 0 5. 8 2R 0 a 00 95. 0

2003 70. 0 4. 6 8& O 8R 2 15.0 150 O O 02 0.00 35d 0 5. 8 20. O R 00 95. 0
2004 - 75.6 4. 6 8& 0 80.2 15. 0 150. 0 0. 02 a 00 350 0- 5. 8 20. 0 0. 00 95. 0*

2005 81.7 4. 6 86. 0 80. 2 15. 0 15d 0 0.02 0. 00 35d 0 5. 8 20. 0 0. 00 95. 0
2006 BR 2 4. 6 86. 0 80 2 15. 0 15R 0 0.02 0. 00 350. 0 5. 8 20. 0 0. 00 95. 0
2007 8& 2 4. 6 - 86.0 80. 2 15. 0 150 0 0.02 R 00 35d 0 5. 8 2a O d 00 95. 0

' 2003 91 4 4. 6 86. 0 80.2 15.0 150 0 0 02 a 00 350.0 5. 8 20. O R 00 95.O
r 2009 91.4 4. 6 06.O ed 2 15.0 150 0- O.02 a 00 350.0 5. 8 20 0 0. 00 95. O
< 2010 91.4 4. 6 8& O 80. 2 15. O 150 0 R 62 0. 00 350_0 5. 8 2R 0 R 00 . 95.O
! 2011 91.4 4. 6 86. 0 80 2 15 O 150. O & O2 0. 00 350. O 5. 8 20.0 & 00 95. O

2012 91.4 4. 6 86 0 80.2 15. O 150.0 & 02 - O. 00 350 0 58 20. 0 0.00 95.0
2013 91.4 4. 6 86 0 ed 2 15.0 15R 0 ~ 0. 02 0. 00 35d 0 5. 8 20 0 & 00 95. O !

- 2014 91.4 4. 6 86. 0 8a 2 15. 0 15d 0 0.02 0. 00 35R 0 5. 8 2n 0 a 00 95.O
! 2015 91.4 4. 6 86. 0 . 80 2 15. 0 150. 0 0 02 a OO 350. 0 ~ 5. 8 20.O a 00 95. 0

2016 91.4 4. 6 8& O 80.2 15. 0 150.0 a 02 0. 00 35d 0 5. 8 2R 0 0 00 95. 0
$ 2017 91.4 4. 6 86. 0 8a 2 15.O 150. 0 0. 02 a 00 350.0 5. 8 20. O a 00 95 0

2018 91.4 4. 6 86.0 80.2 15. 0 150. 0 0. 02 0.00 -35d O 5. 8 20. 0 | 0. 00 95. 0
2019 91.4 4. 6 O& 0 80 2 15 0 15a 0 - O. 02 0.00 350.0 5. 8 20. 0 0.03 95. 0
2020 91.4 46 86 0 8a 2 15.0 150.0 0. 02 0. 00 350.0: 5. S 20. 0 0. ( 8 95.O

I HT
OVE. 72. 7 46 ed 5 82.3 15.0 0. 0 & 00 0. 00 &O 5. 8 0. O O. 00 95. O

t

i -
s

!
,
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TABLE 4.3. Projected Costs for Materials and Services
for Median Growth with No Reprocessing
(in Millions of 1977 Dollars)

.

Yi fiP tilttitiG -tir6 EtlRICitt ttlT U Fitt L 5 petit PEPRO Pil ItKR PU HOX INCR -5Pt tif tlasiE PU 5 ALES 5WitT 10VitL
ttILLit10 t Ot4YR FRB FUEL TRnti T Rittis STORAGE F68 FUEL STnR DISPO5AL 11tEL DI5P

H./0 PU
19?? 1992.7 44. 407. 160 0. O. O. 00 0. 00 0. 12. O. O. 49. 1765.
19?8 1234.? 51. 516. 169. 0 6. 6. 00 0. 00 0. 18. O. O. 63. 2051.-
1979 1352.4 56. 590. 206. 2. O. O. 00 0. 00 0. 24. O. O. 69. 2298.
1900 1514.9 62. 658. 211. 7. O. O 00 6. 00 6. 29. O. O. 78. 2559.
1981 1723.5 ? i. ??7. 24?. 9. O. O. 00 0.00 0. 34. O. O. 88. 2949.
1982 1932.6 79. 898 271. 13. O. O. 00 0. 00 0. 39. O. O. 101. 3333.
1933 2160.7 89. 1042. 309. 16 0. 0. 00 0.00. O. 43. O. 0 108. 3768.
1984 2401.4 99 1203. 337. 17. O. O. 00 0. 00 0 49. O. O. 122. 4229.
1985 2639.0 109. 136?. 370 20. O. O. 00 0.00- O. 55. O. O. 138. 4697.
1906 2869.0 118. 1542. 399. 22. O. O. 00 0.00 0. 62. O. D. 158. 5171.
1987 3099. 5 128. 1709. 426. 26. O. O 00 O. 00 6. 69. O. O. 1??. 5635.
1908 3390.3 139. 1845. 456. 27. O. 0.00 0.00 0. 78. O. O 197. 6132.
1989 3934.2 153. 2010. 503. 31. O. O. 60 0. 00 0. 87. O. O. 217. 6965.
IMO 4212.6 164. 2191 541. 35. O O. 00 0. 00 0. 9?. O. O. 236. ?476.
1991 .4499.3 1?S 2345. 5?O. 40. O. O. 00 0. 00 0. 106. O. O. 254. 7990. A
1992 4?97.2 187. 2509. 600. 45 6. O. 00 0. 00 6. 116. O. 0 275. 8528. +

1993 5297.4 199. 2541. 634. 50 0. O. 00 0. 00 0. 126. O. O. 298. 9145 *-
1991 5641.1 213. 2694. 6?5 55. O. O. 00 0. 00 6. 136. O. O. 323. 9737.
1995 5958. ? 225 2323. 710. 60. O. O 00 0. 00 0. 14?. O. O. 346 10270-
1996 f.2 ?8. 4 237. 2948 742. 65. 0 0.00 0. 00 0. 15G. O. O. 369. 10797.
199? 6826.8 250 3O?3. ??3. 70. O. O. 00 6. 00 0. 170. O. O. 392. 11554.
1998 7727 ? 262. 3231. 80& 76. O. 0.00 0.00 0. 18L 0. 6. 417. 12701.
1999 854?. 2 274. 3346. 834. 82. O. O. 00 0.00 6. 193. O. O. 442. 13718.
2000 9617.0 286. 3454. 864. 88. O. O. 00 8. 00 0. 205. O. O. 466. 14980.
2001 10167. 5 29?. 3556 892. 94. O. O. 00 0. 00 6. 217. O. O. 4 GO. 15?i3.
2002 11384.5 308 3651. 922. 100. O. O. 00 0. 00 0. 229. O. O. 513. 17107.
2003 12614.2 31?. 3740. 948 106. O. O. 00 0.00 0. 240 0. O. 536 18501,

2004 1391?.9 324 3812. 961. 112. O. O.00 0.00 0. 252. O. O. 558. 19936
2005 15414.8 332. 3918. 980. 119. O. 6. 60 0. OCs O. 263. O. O. 579. 21605
2006. 17020 8 340. 4014 1066. 125 0 0. 00 0.00 0. 273. O. 6. 600. 23379.
200? 17346.6 346. 409?. 1026 131. O. O. 00 0. 00 0. 284. O. 8. 619 23849.
2008 18290 7 353. 4171. 1044. 136. O. O 00 0.00 0. 293. O. O. 632. 24921.
2009 18600.0 359. 4245 1062. 142. 6. 6. 00 6.00 0. 302. O. O. 645. 25355.
2010 18896.6 364. 4315. 1079. 147, O. O.60 0. 00 0. 309. O. Oc 657. 25?69.
2011 19163.0 370. 4383. 1996 153. O. O. 00 0. 00 6. 316. O. O. 668. 26149.
2012 19356 8 3?4. 4439. 1110 15?. O. O. 00 0. 00 0. 323. O. 0 691. 26452,

2013 19295 1 375. 4473. 1120. 161. 0 0.00 0. 00 0. 333. O. O. 735. 26492.
2014 19157.4 3?l. 4424. 1101. 164. O. 0. 00 0.00 6. 342. 0 0. 736 26296
2015 '19142.0 371. 4428 1092. 16?. O. 0 00 0.00 0. 351. O. O. 743. 26293.
?ot6 19091 8 370. 4421. 1095. 170. O 6. 00 0. 00 0. 358. O. O. 748. 26253.
2017 189??. 0 368. 4403. 10N 176. O. O. 00 0. 00 0. 363. O. O. 733. 26110.

4'68. 1082. 18?. O. 0 00 0. 00 ' O. 363. O. O. 742. 25771.2018 18665.? 364. 3
2019 18260.0 355. 4270. 1054. 187. O. O.00 0. 00 0. 362. O. O. 720. 25208.
2020 17860.9 348. 4199 1025 189. O. O. 00 0. 00 0. 360. O. O. 731. 24?i4.
TOIL 441370 5 10673. 129074. 32600 3778. 0 6. 60 0. 00 0. 8364. O. O. 18460. 644320.
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unit conversions. To calculate total fuel cycle costs we must also take
~

o into account the lead and lag times relative to electric generation. The |''

NUFUEL model has already accounted for the lead and lag times which are i

embodied in Table 4.1. Thus the remaining factor to account for is the
cost of money which is assumed to be 8%/yr for electric utilities in the

!c. case of constant dollar analysis. Table 4.4 included the discounting of-
the annual cash flows from Table 4.3, plus an adjustment in the waste
management expenses to the time of reprocessing so that all of the costs
that are committed as a result of the LWR operation are included even

O though they may take place after year 2020. The total fuel cycle costs '

can be converted to mills /kW-br by dividing the discounted cost of fuel !

cycle operation from Table 4.5 by the discounted kilowatt-br generated
over the same time interval. These costs will be summarized in a table
later in this section. Table 4.5 through 4.8 summarize the same infor-

O
mation for the case when uranium and plutonium recycle is allowed. In .

Table 4.5, the buildup of the reprocessing capacity can be seen in the
reprocessing column. Uranium requirements of 2.1 million short tons of. ;

V0 result under this option. Some plutonium sales are recorded >

38
beginning in year 2010 as light water reactors are being retired from
operation. This treatment of the plutonium is necessary beca'use the '

NUFUEL model does not have the capability to shut down reactors
automatically. This approach allows the proper financial credits to be

|O attributed to the reactor operations. Table 4.6 summarizes the' unit ;

costs including plutonium values after year 2010. These plutonium values |
in Table 4.6 are calculated based on 0.8 times the uranium and separative
work values per gram U-235. Table 4.7 illustrates the cash flows and

O Table 4.8 illustrates the discounted flows.1

Many current reports dealing with the nuclear. fuel cycle used a
current dollar basis' for estimation. Table 4.9 represents the unit cost !
to be expected when 6% escalation is assumed for all of th'e fuel cycle fO
steps. In the future it may be possible to provide different esclation
rates for each of the individual processes. Table 4.9 is derived directly

t

from Table 4.2 with 6% annual escalation.
.

.O. The levelized fuel cycle costs are summarized in Table 4.10 for the -
cases with no reprocessing and cases with uranium and plutonium recycle.
Comparing .the constant dollar no reprocessing case with the recycle case

O
i

- - -- - - ~ _ . -
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TABLE 4.4. Discounted Costs for Median Growth with Ho Reprocessing
(in Millions of 1977 Dollars)

Discount Rate, 37.

Yt ttR t11tilHO lW6 LtlRIOtt ttil U FlWL iPLt4 T REPPO I41 ItKR PU t-iOX ItKR SPEt4T lin51E PU 5HLES SPEt1T 00TAL
t1113 Itte Cott/t! f itB FttEL TRatt TRnt45 STORH6E FnB FUEL STOR DI5POSAL FUEL DISP

11/0 PU
19?7 1092.7 44. 407. 160 0 0. O. 00 6. 00 0. 12. 6. O. 49. i?65.
1978 1143.2 47. 4 7 ?. 156. O. 0 6. 00 0. 00 0. 17. O. O. . 59. 1099.
1979 1159.5 40. 505 177. 2. 6. O. 00 0.00 0. 21. O. O. 59. 1970.
1980 1202.6 49. 522. 167. 5 O. O. 00 0.00 0. 23. O. O. 62. 2031.
1931 1266.8 52. 571. 182. 7. 9. O.00 0.00 0. 25. O O. 64. 2167.
1982 1315.3 54. 611. 18=1. 9. 0 0 00 0.00 0. 27. 0 0. 68. 2268.
1903 1361.6 56. 657. 195. 10. O. O. 00 0. 00 0. 27. O. O. 68. 2375.
1984 1401.2 50. 702. 196. 10. 0 0.00 0. 00 0. 28. O. O. 71. 2467.'
1985 1425 8 59. 738. 200. ii. O. 0 00 0. 00 0. 30. O. O. 74. 2538.
1906 1435 2 59. 771. 200. 11. O. O.00 0.60 0. 3i. O. . O. 79. 2587.
198? 1435.? 59. 791. 198. 12. O. O. 00 0. 00 6. 32. O. G. 82. 2610.
1988 1454 0 60. 791. 195. 12. 3. O.00 0. 00 6 33. O. O. 84. 2630
1989 1562.3 61. 610. 200 12. O. O. 00 0. 00 0. 35. O. O. 86 2766
1990 1549.0 60 806. 199. 13. O. 3.00 0.00 0. 3F 0. O. 87. 2749.
1991 1531.8 60. 798. 194 14. O. O. 00 0.00 0. 36 0. O. 87. 2720.
1992 1512.3 59 791. 189 14. O. O. 00 0. 00 0. 3& 0. O. 8?. 2688 *
1993 1546.3 50. 742. 185. 15. O. O. 00 0.00 0. 37. O. O. 87. 2669. .

1994 1524.6 58. 728. 182. 15. O. O. 00 0 00 0. 37. O. O. 87. 2632. m
1995 1491,i 56. 706. 178. 15. O. O 00 0. 00 0. 27.

~
O. O. 87. 2570.

1996 1454.8 55. 683. 172. 15. O. O. 00 0.60 0. 37. 0. O. 85. 2502.
1997 1464.7 54. 659. 166. 15. O. O. 00 0. 00 6. 3& 0. O. 84 2479. -

1990 1535.2 52. 642. 160. 15 0 0.00 0. 00 6. 3d O. O. 83. 2523.
1999 1572.2 50. 615. 153. 15. O. O. 00 0. 00 0. 35. O. O. 81. 2523.
2000 1637.9 49. 588. 147. 15. O. O. 00 0. 00 0. 35. O. 0 79. 2551.
2001 1603.4 47. 561. 141. 15 0 0.00 6. 00 O. 34. O. O. 77. 2478.
2002 1662.3 45. 533. 135. 15. O. 0. 00 0.00 6. 33. O. O. 75. 2498.
2003 1705.5 43. 50& 128. 14. O. O. (10 6.30 6. 32. O. O. 72. 2501
2004 1742.3 40. 4 ? 7. 120. 14. O. O. 00 0. 00 0. 31. O. O. 70. .2496

2005 1706 8 38. 454. 114. 14. O. O.00 6. 00 0. 30. O. O. 67. 2504.
2006 1826.8 36 431. 108. 13. O. O.00 0. 00 0. 29. O. O. 64. 2509.
2007 1723.9 34. 4 0 ?. 102. 13. 6 6. 80 0.00 0 2R 0 O. 61. 2370.
2008 1683.0 32. 384. 96. 13. O. O.00 0. 00 0. 27. 0 0. 58. 2293.
2009 1504.7 31. 362. 91. 12. 0 0. 00 0.00 0. 26 0. O. 55. 2160.
2010 1490 ? 29. 340. 85 12. O. O. 00 6. 00 0. 24. O. O.' 52 2033.
2011 1399.8 27. 320. 80. 11. O. O.00 0 00 6. 23. O O. 49. 1910.
2012 1 3 09. 2 25. 300 75. 11. O. O. 00 0. 00 6. 22. O. O. 47. i789.
2013 1208.3 21 200. 70. 10. 0 0.00 6.00 0. 21. O. O. 4& 1659.
2014 1110. 9 22. 257. 64 10. O. O. 00 6. 00 0. 20. O. O. 43. 1525.
2015 102?. 7 20. 238 59. 9. O. O 60 0.00 6. 19. O. O. 40. 1412.
2016 949.1 18 220. 54. 8. O. O. 00 0. 00 0. 18. O. O. 37. 1305
20t7 873.5 1?. 203. 50. 8. O. 6. 60 0 00 0. 17. O. O. 34. 1202.
20t3 795.6 16. 185 46 8. O. 0. 00 0.00 0. 15. O. O. 32. 1098.
2019 720.6 14. 169. 42. 7. O. 0. 00 0 00 0. 14. O. O. 28. 995.
2020 652.7 13. 151 37. ?. 0 c. 00 0. 00 0 13. O. O. 27. 903.
10fL 60932.4 1886. 22&>5. 6032. 484. 0 0. 00 0. 00 0. 12id O. O. 2876 96322.

.
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TABLE 4.5. Process Flows for Median Growth with U and Pu ' Recycle

YEftR HINING UF6 ENRICHMNT U FUEL SPENT REPROCESS PU INCR PU H0X- INCR SPENT HASTE PU SALES SPENT TAILS
NILLING CONYR 1000 FAB FUEL TRAN TRANS STORADE FAB FUEL STOR DISPOSAL KO FISS FUEL DISP . COMP
1000 ST 1000 MTU NT-5HU NTU HT-HN MT-HM KO-TOT .KO-TOT- HT-HN HT-HM MT-HH MT-HH= %

19?? 13.0 1?: 5. 8 1681. 6. 6. & & G. 205d * H/0 PU& & G. : G.250
19?8 14.'? 11. 0 6. ? i?8?. 6. O. -&- & & 3124. . 6.- 8. O. O.250
1979 16.i 12. 1 ?. 4 2193. B. & 0. 9. O. 428?.- O.- O. 6.- & 250 -
1980 1& O ' 13.4 8. 0 '2251 0. O. A. 6. 9. 5615. O. 6.. & 0. 2".0
1981 20. 5 15.3 9. 2 26?O O. O. & &- 9. ?101. & 6. O. O.250
IN2 23.0 17.2' 10.3 2941. 6. i 0. O. O. & 8806. O.' - 8. O. & 250
1983 .25.? 19.2 11.6 3368. & O. O.- 8. & 1063& 0.- O. O. 0 250-
1984 28.6 21.4 12.9 3?00 O. O. O. O. & 12?i4. 6. O. O. -0 250 u
1985 31. 1 23.5 14.4 4091.' 491 6. O. 8. 9. 15051. & O. O! O.250-
1986' 32.? 24.9 15.5 4411. '991 499. -239d 0.: 32. 1?22& 0. & G. O.250
1987 34. 0 ' 25. 8 16.5 46?& 1491 999. ?i87. O.* 121.- ~ 1923d O. O. - 0. . 8.250
1988 36.1 27.0 17.4 4901 1999. '1491 11996. 8. 23& 210?6. & O. O. 0 250
1989 3& 3 28 8 19.0 538?. 249& 1991 16812. 6. 321 22?51. & O. G. O.250
1MO 4& 1 30.0 20 1 5?i2. 2993. 2498. 2163& 6. 4?1 24249. G. - O. O. & 250
1991 42.1 31.4 21.4 5989. 3491. 2993. 24423. 6. ~563. 25569. 499.. & - O. & 250 A

*1992 43.9 32.8 22.? 6317. 3996. 3491. 28824. G. 661. 26?35. 991 & O. -& 250 y
1M3 46.0 34. 1 23.O f.612. 4496. 3996. 35598c . G. 801. 2??91 1491 0. 0 O,250
2994 4& O .35.? 25. 0 6986. 4995. 4496. 43539. -& 953. 28??4. 1999 & G. '0,250-

1 1M5 49.? 36 9 26. 1 ?334. 599?. 4991 50528. & .1084. 29640. 2498. G. O. ~& 250
1996 54 5 3?. 5 27. 2 ?520. 699?. 599?. 5?554. & ' 1320. 29892. 2993. O. ' O. O.250
JM? 51.2 3?. ? 2?.9 ????. ?998. 6M?. 68550.. & 1512. 29542.' 3491. G. O. & 250
1998 52.5 3R 4 21 1 .?98d 899& ? M 8. ?6233. 6. i?60. 28611 ~3996. & G. O.250
1M9 52.5 3& 7 30.3 8210. . 9999. 899& 83244. O. 1965. 2?114. 4496. O. O. & 250
2 Kto 53. 1 38.2 30.6 843& 10995. 9991 99661 9. 21?2. 25022. 4991 0. & & 250-

'
2001 52. 2 3& 5 32.1 8444. '1199?. :iO M 5. 105396. O. 25?4. 22337. 5997. O. O. & 250-
2002 51.1 35. 9 30. i 8395. 12000. 11997. 14141?. O.- - 2029. 19042. 6997. O. O. O.250~
Mt03 53.9 37.8 -31.2 8?O6 1"-001. ~ 12000. -142?42. O. 3113. 16126. ?991 . O. ' O. . O. 250

' NiO4 5?. 4 40 6 31 2 89?6. 1199?. 12001. 131144. O. 3002. 13583.' '899& G. O. :O. 250
P005' 51 4 42.9 35.0 - 9458 11991 iiM?. 125546. . 9. 2?61. 1140?. 9991 0. O. O. 250 -*

2tXt6 60.6- .43.2 34. 3 9511. 11999. iiM1 142452. O. 303?.' 9584. -10995. & 0. 0.250.

200? 62.4 d4. 8 35.2 96?i. 11999. 11991 1454?3. 0 3128.- 80?1. 1199?. G. O. O_250-
3:08 63.9 45.7 35.4 9?29. 11991 11991 154152. & 3292. 6?92. 1200&. 6. & O.250-

I ?n09 65.8 4 ?. 0 36. 5 9984.. 11991 iiMi 152891 9. 3264J 5?22. - 12001. & G.' O 250
i 2010 6?. 5 48.6 3?. ? 10182. iiM9. 11991 148?i3. O. 32?8. 4865. 11997. 6. O. O.250
- 2011 6& 6 41 5 38.4 104?4. 12244. 11991 150461. 6. 3193. 4196. 11991 9. O. O.250

2012 61 3 50. 1 39. O 10601. 1288& 12244. 153Mi & 3245. 366& 11991 33?4. O.' & 250
2613 6& 8 50. 1 3d 6 106?0. 12?91. 1288d 154980. & 3295. 324& 11991 11372. & & 250,

2014 68 1 49.2 3d 3 10383. 12810. 12?91. 155881 8. 3344. 2932. 11991 10353. O O.250.
' 2015 6& O 41 1 3& 2 '10284. 12?93. 1281R 154921. O. 3333. 2?i5. . 11999. 10430. . 0. R 250

?H16 6?. ? 41 0 3& 1 10293. 12504. 12?93. 154142. - O. 335& 259?. 11991 10107. O. 0 250
?u1? 6?.1 48.6 3R 6 10305. 12?ii. 12504. 154614. 0 3288 2522. 12244. 6?86. O. & 2".0
PiiI 8 65 3 4 ?. 6 3d 3 10191 124i8. 12?11. 155191 0. 3292. 239d 12880. 9631 0. 'O.22'

Pit 19 63.1 45.? 3?. 6 - 981%' 1266?. 12418.' 156284. 6. 3323..- 2179. 12?91. 5603. O. & 2*.o
PO?0 60.8 44.1 35.?- 9426.

126?2. - 312256. 3565356. &- ??492. 59850?. 249163. ?6306. G.
1266?. 156?56. O. 335?. 1901. 12810. 8642. O. & 2*su -

lull- 2122.4 1548.? 1151 8'-318444. 32492&

<
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TABLE 4.6. Projected Unit Cost for Median Growth with U and Pu-Recycle
!, (in 1977 Dollars)-

*
1

! YERR. U300 - U SEP 140RK U F60 SPENT REPRO PU ItCR PU H0X ITER SPDAT tin 5TE PU WtLUE 5FENT
*

R5 BURNED CONVR FUEL TRAN TRAN STORAGE FAB'' FUEL-STOR DISPOSAL - FUEL DISP

'>
*/LB t/VG-U $/5110 $/KO-U t/KO-HH $/KG-HH t/O-TOT $/O-TOT $/KO-HH *A041H-YR $AG1H t/G FISS t/KGilH

. WO PU
. ESCR O. 0% a 0% & 0% ' O. 0% 0.0% . & 0% & 0% - & 0% 0.0% 0.0% a 0% 0. 0%
1977 42.O 4. 6 ?R 0 95.O 15. 0 15d 0 0.02. O. 00 350.0 7. 4 - -20.0 0.00 T95. 0
19?O 42.0 4. 6 77. 0 94:5 15. 0 15d 0 6.02 R 00 - 350. 0 7. 4 2R 0 - O. 00 ' 95. 0
1979 42.0 4. 6 80.0 93.9 15.0 15d 0 0.02 0 00 35a 0 . . 7. 4 20.0 6. 00- i95.0
1980 42.0 4. 6 82. 0 ' 93.2 15.O 15d 0 & O2 6.00 - 350. 0 . - ?. 4 20. 0 0.00 -95.0-4

1981 -42.0 - 4. 6 84. 0 92. 5 15.O i5R 0 - G. 02 - 0 00 35R 0 7. 4 2R 0 0.00 95. 0
1982 42.O 4. 6 8?. O 92.0 15.0 150.0 0.02 6.00 350.0- 7. 4 2d 0 - ' a 00 95. 0

'
1983 42.0 4. 6 - 9a 0 91.8 15.0 15a 0 0.02 R 00 35R 0 . 7. 4 20.O R 00 - ' 95. 0.

1984 42.0 4, 6 93.0 91. O 15. 0 150. 0 & 02 6.00 35R 0 7. 4 - 2d 0 0. 00 : 95. 0
. 1985 -42.0 4. d - 95. O 9d 5 15. 0. 150. O O.02 0 00 350.0 7. 4 20.O O. 00 ' 95. 0

1986 42.0 4. 6 98.0 89.9- 15. O iSR 0 R 02 d 00 .34& 2 7. 4 2a 0 - R 00 95. 0
1987 42.0 4. 6 10& O 89.0 15.-0 15d 0 6.02 6. C10 . 335.9 7. 4 20. 0 0.00- ~ 95. O

i 1988 42.O 4. 6 100. 0 88.5 15.0 150. 0 0.02 6. 00 322.8 - 7. 4 - 2d 0 - ' O. 00 - 95. 0
1989 44.7 4. 6 . 100.0 8a 0 15. O iSa O 'O.02 0 00 313. 0 7. 4 2R 0 .O. 00 95. O -
1990 44.7 4. 6 . 100.O 87.4 15 0 150. 0 0.02 0.00~ - 29?. 8 ?c 4 . 2d 0 _0.00 95.0 .1

1991- 44.7 4. 6 100.0 87.0 15.0. 15d 0 & 02 R 00 ~ 289.0 7. 4 2a 0 - a 00 95. O A
*

1992 44.7' 4. 6 100.0 86.0 15. 0 150.0 6.02 R 00: 279.6 7. d 20 O -O. 00 95. 0 m-
2 1993 44.7 4. 6 95. 0 85. 5 15. 0 150.O O.02 a 60 266.6- 7c 4 20. O O.00 95. 0

1994 44.7 4. 6 94. 0 85. O 15. 0 15e 0 6.02 0. 60 253ci 7;4 - 2R 0 & 00 95, 0
1

1995 44.7 4. 6 93. 0 84.4 15 0 150.O O.02 0. 00 242.i 7. 4 20. O & 00 95. 0
1996 44. 7 4. 6 92. 0 83.9 15.0 15R 0 a 02 0 00 223.4 : 7. 4 20. 0 0. 00 L95.O-
199? 44. 7 - 4. 6 91;O 83.2 15. 0 150.O 6.02- O 00 209.3 7. 4 20. 0 0. 00 95.0.

. 1998 46.2 4. 6 - '91. 0 82. 8 15. O 150. 0 0.02 - 'O.00 203.i 7. 4 2R 0 0.00 . 95. 0
4 1999- -46.2 4. 6 90. 0 82. 0 15. 0 150.O- & O2 O. 00 203. 1' 7. 4 2d 0 & 00 95. O J
; 2000 46.2 4. 6 89. 0 81.5 15.0 - 15a 0 6.02- O. 00 2 0 3. i 7. 4 20.O a 00 - 95. 0
- 2001 46.2 4. 6 -88.0 81. 0 15. O 150.0- 'O.02 R 00 20 3. 1 7. 4 . 2d 0 0. 00 :95 0 s'

l 2003. St. 6 4. 6 86. 0 8& 2 15.O 150.0 0.02 & 00 - 203.1.~ 7. 4 - 20. 0 & 00 - '
95. 0. 2002 47.8 46 87.0 80. 7 15. O 150.0 0.02 0.00 203.1 7. 4 . 20. 0 0. 00
95. 0 :

1- 2004 51.6 4. 6 86.0 80.2 15. O 150 0 6. 02 & 00 203. 1- 7. 4 2a 0 0.00 95.0
' 2005 51.6 4. 6 86.0 . 80.2 15.O i5a 0 0.02 R 00 203.1- 7. 4 20 0 a 00 ~ 95.0

2006 52. 2 4. 6 86. 0 80. 2 15.0 iSR 0 a 02 0. 00 203. 1- 7. 4 2d 0 R 00 - 95. 0 -
2007 56.4 . 4. 6 86. 0 80.2 15.0 150. O R 02. 'O.00 203.1 7. 4 20. 0 0.00- 95.0 .
2003 60.9 4. 6 8& 0 8a 2 15. 0 150. 0 0. 02 6. 00 2 03. 1 - 7. 4 : 2a O R 00 95. 0

. 2009 65. 8 4. 6 86. O 80 2 15. O 15& O 0.02 R 00 203.1- ?.4- 20 0 0.00- 95.O.
I 2010 '65. 0 4. 6 86. 0 80. 2 15. 0 15d 0 0.02 -0 00 203.1. ' 7. 4 20.0- O. 00 95. O .
t 2011 65.8 4. 6 86. 0 80. 2 15.0 150. 0 0.02. O. 00 - 2 0 3. 1 7. 4 20. 0- 0.00 .95. 0
1 2012 ?O. 0 4. 6 86. O 80.2 15.0- 150. 0 0.02 0. 00 20 3. 1 7. 4 - 20 0 52.42 :95.0 -
' ?013 -75.6 4. 6 86. 0 80 2 15. 0 15a 0 0.02- 0. 00 203.1 ?. 4 ' 20.0. 55.41' 95.0 ,

2314 81. 7 4. 6 86.0 BR 2 15.0 15a 0 0. 02 0 00- 203. 1- 7. 4 20.0 SR 65 95.0-4

2e 68. 2 4. 6 86. 0 80.2 15.0 15a 0 0 02 R 00 . 203.1- 7. 4 . 24 0 62.13 95.0,,

2016 8& 2 4. 6 - 86.0 80.2- 15. 0 150.0 0.02 _ R 00 2 0 3. i : ?_ 4 2R 0 62.13- 95.0
,

2017- 8& 2 4. 6 86. 0 80.2 15.0 150.O O. 02 0.00- 203.1 _ 7. 4 20.0'. 62.13 95. 0'

| 2018 OR. 2 4. 6. 86. 0 ' 80. 2 ' 15.0 15e 0 0.02 .0 00 203.1- 7. 4 - 20.0 62.13- .95.0
,

2019 -91.4 4. 6 ~ 86. 0 80. 2 . . 15.O 15R 0 0.02 & 00 203. 1 - ?f4 '20.0 63.83 95.0
2020 91.4 4. 6 06.0 80.2 15. O - 150.O a 02 a 00 . 203.i 7. 4 2R 0 63.83 95.Of

'

HT- .-

- . .
.

-

| RYE. 59.4 4. 6 ' 88. 0 82.7 15.0 . 15R 0 OJ O2 a 00 20& 4 7. 4 2R O .6d 55 R0

~

,

; ,

i
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TABLE 4.7. Projected Costs for Materials and Services -
for Median Growth with U and Pu Recycle *

(in flillions of 1977 Dollars)

SECTION 3. PROJECTED COSTS FOR- NATERI ALS nt!D SERVICES
(IN HILLIONS OF 1977 DOLLARS)

YEnR HINING UF6 ENRICitttHT U FUEL SPENT REPRO PU INCR PU MOX- INCR SPENT- -HASTE Fil 5 ALES SPENT . TOTAL,

HILLIN0 COtNR FnB FUEL TRAN TPONS STORAiE FnB FUEL STOR- DISPOSAL- FUEL DISP
WO PU

19?7 1092.7 44. 407. 160. O. a O. 60 0. 00 & 15. R a 0. . 1719.-
1978 1234.7 51. 516. 169. a 0. R 00 0.00- O. 23. O. a R 11993.
1979 1352.4 56. 590. 206. O. & 0. 00 ' R 00 0. 32. d O. O. 223&

1 1980 1514.9 62. 658. 211. O. O. O. OO a 00 0. 42. R O. R 2486.
3 1981 1723.5 71c ' 7??. 247. a a 0. 00 O. 00 . O. 53. O. - R 0. 287d

'1982 1932.6 79. 898. 2?i. O. O a OO 0. 00 a 65. O. a 0. .324&'

1983 216d 7. 89. 1042. 309.- O. O. O. 00 0. 00 6. 79. R - 8. & _3679..
1484' 2401.4 99. 1203. 337. O. ' O. O. 00 0.00 O. 94. O. O. & '4135.
1985 2608.2 -108. 1367.- 370.. 7. 0 0.00 R 00 & 112. '& O R 4572.4

1986 2747.4- . 114.~ 1523. 397. 15. 75. a 05 6. 00 11. 128. 6. R & 5016'

1987 285& 9 119. 1649. 416. 22. 15a 0. 14 - O.00 41. 143. 12. O. & 5410.'

1988 303a 6 124. 1744. 434. 3a 225. a 24 O_00 77. 15?. 19. O. & 584a' ,
1989 3424.8 132. 1899. 474. 37.- 30a R 34 0.00 103. 169. 25. d . O. 6565. .

1990 3586.8 138. 2011. 499. 45. 375. O.43 0. 00 141. 180. 31. O. O. 7008. to-
| 1991 3759.7 144. 2141. 521. 52. 449. O.49 R 00 .163. -19a 37. O. R 7457J

1992- '3927.8 1511 2266. 543. 60. 524. O. 58 . O. 00 '185. 199. 43. O. a 7899.
'

1993 4109.6 15?. 2258 565. 6?. 599. O. 71 a OO 214. 20& 5d O. O. 8227.
1994 4295.0 164. 2353. 594. 75. 674. 0. 87 0.00- 241. 214. 56. a 0. 8666.
1995 '444a 3 1?O. 243R 619. 90. 749, 1.Oi' & 00 262. 220. 62. R 0. 9044,
1996' ~4515.3 172. 2500. 631. 105. 900. 1.15 O. 00 295. 222. 74. & O. 9415.
1997 -4580.3 173. 2543. 647.- 120. 105a 1.37- a 00 31& 219. 87. & ~ 0. 9738.

. 1998 4851.1 .177. '2650. 661. 135. 120& i.52 0. 00 35& 213. . 99. O.- - O. 10344.
i 1999 4848.2 178. 2731. 6?3. 150. 1350. 1,66 & 00 399. 201. 112. a a 10644.

2000 490a 7 176 2?20. 687. 165 1500. 1. 99 0.00 441. 18& 124. R O. 10910.:4

! 2001 '4825.? 177. 2824. 684. 180. 1649. 2.11 0.00 523. 16& 137. & 0.- 11167.- >

2002- 4879.6- 165. 2616. 677. 180. 1800. 2.83- O.00 615. 141. 149. O. O. 11227.
2003 5559.4 174. 2682. 6980 180. 1800. 2.85 a 00 .632. 120. 149. O. O. 1199R.

2004 5927.0 18?. 2857. 72a 18a 180a 2.62 0.00 610. 101. 149. & O. 12533.
-2005. 6125.6 198. 3008. 759. 18a 180a 2.51 a 00 561.' 85. 149. O.- O. 12866.-
2006 6332.4 199. 2951. 763. 180. 1800.~ 2.85 O. OO 617. 71. 149. - O. R 13065.
2007 7045.1 20& 3023. ??& 18A. 180R 2.91' . & 00 6351 6& 149. R' O. 13877,

2003 7781.9 210. 3044. 780 18a '180a 3. 08 O. 00 669. SR 149. O.. R 1466&
2009 8655.6 21& 3136. 801. 18a 180R 3. 06 ' a 00 663.. 43. 149. O. O. 1564&

i 2010 8884.O- 223. 3239c. 817. 180. 180a 2.97 0. 00 66& 36. 149. O. 0.. 1599R
2011 902d 0 228 3301. 840. 184. 180a 3. 01 a 00 649.- 31. .149. & O 16210.-'

2012 9700. 9 230. 3351. 850. 193. 1837. 3.08- O. 00 659. 27. 152.. -177. O. 16827.
2013 10409.7 - 23a 3321.- 856- 192. 1932. 3.10 a 00 .669. 24. 160. -630. O. 17167.
2014' 11123.2 226. 3295. 833. 192. 1919. 3.12 6.00- 679. 22.: 159. -607. R 17844.'

2015 11995.4 22& 3286. 825. 192. 1922. 3.10 0.00 677. 20. 159. -648. 0. . 18657.-
! 2016 11947.3 225. 3276. 825. 18a 1919. 3. 08 a 00 682. - 19. 159. - -62R ~ R 18616

2017 11828.3 224. 3322. 826.- 191. 1876. 3. 09 R 00 668. 19. 155. -422. R 1869R
2018 11522.8 219. '3291. 818. 186- 1907. 3.10 - R 00 669.- 18. - 158. -599. a 18193.
2019 11527.9 210. 3179. 787. 190. 1863. 3. 13 0.00 675. 16. . 154. -35R R 18249.
'2020 11116.2 203.' 3071. 756. 190. 190d 3.14 R OO 682. 14. 157. -552. R 17541.4

10TL 252120 5 7124. 102950. 26331. 4874. 46838.. ?i. 31 - & 00 16148. 444& 3878. -4620. a 460161.

1

a

__.___. __-_-a.__ a= _____=.=.__u__._.____;-_ .-__a_.=_.=__t-_.___._.______-z_.__._____ __ ___._-.__.__o_2 __ _ . . . _ _ . - - < . - - - u 1 a.. e - - - .-ms -rw ,-
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| TABLE 4.8. Discounted Process Costs for Materials and Services
i- for Median Growth with-U and Pu Recycle-

(in Millions of 1977 Dollars)
i LDiscount Rate 8%

,

SECTION 4. DISC 00tiTED PP N E55 CO5TS
(Iti hit.LIOtis OF.1977 DOLLnRS),

# YtftR HItiltid UF6 EHR ICitt1H1' U FULL 5etHT REPRO PU' ItiCR PU H0X INCR 5FtHT lYtSTE ' PU 5 ALES SPEHT ' ~ TOTAL:-
-

E ttilt.!HO Cotr/R FhB FUEL TRAN TP6 tis STORAfE F6B' FUEL STOR DISPOSAL . FUEL. DISP
'

. 11/0 PU .

1977 1092.7 44. 407. 160 0. R 0. 00 0. 00 -. G. 15. R 0 0. 1719.1978 1143.2 47. 4 7?. 156. O. O. O. 00 R 00 0. . 21. O. O. O. 1845.
1979 1159.5 48. 505.. 177. O. O. O. 00 O. 00 6. 27. O. O. . O. - 1917.

. 1930 1 20 2. 6 49. 522. 167. O. O. O. 00 .. O.00 0 33. ' O. O. & 1974.
1. 1981 1266.8 52. 5?1. 182. 0 6. O. 00 R OG R 39. O. O. O,' 2110.1982 1315.3 54. 611. 184. O. 0 0.00 0.00 0. 45. O. 0. - 0- .2209.
4 1483 1361.6 56. 657. 195. O. 0 0. 00 0.00- 0 50 0. O. 0 2319.

1904 1401.2 58. 702. 196. O. O. 0 00 0.00 0. 55. O. 0- 0. - 2412.'1

! 1935 1109. 1 SR 733. 200. 4. R 0. 00 6. 00 0. 6R 0. O. 0 247R
1986 1374.4 57. 762. 198. 7. 37. O. 02 0, 00 6. 64. 3. O. R- - 2509.<

i' -1937 1324 2 55. 764. 193. ' 10. 69. 0 07 a 00 19. - 66. . 6. O. R 2506.* 1908 1299 8 53. 74 8.. 186. 13. 96. 0.10 a 00 - 33. 67. 8. O. -0 2505. :A
1909 1360 0 53. 754. 188. 15. 119. O. 13 0.00 41. 67, 10. R 0. 2607.: L1990 1318.9 51. 74R 184. 17. 138. O 16 6.00 - 52. ~ 66. 11. O. R 257?. o

. 1991 1260.0 49. 729. 177. 1R 153.. 0 17 6. 00 55 65. 13. O. '0 '2539.
~

i _ 1992 1238 2 48. 714. 171. 19. 165. O.18 0.00' 58. 63. 14. - O. O. 2490
.

1993 1199.5 46. 659. 165. 20. 175. R 21 0.00 62. 60 14. O. -R -2402.<

1994 116R 8 44. 636. 160 20. 182. O. 24 0. 00 - 65. SR 15. - O. O -2342.
4 1995 is t 1. 2 42. 608. 155. 23. 18?. O. 25 O. 00- 66 55. 16. ' O. G. 2263..
, 1996 -to16.2 40- 579. 146- 24. 200. O.27 0 00 68. - 51. 17. . & 0. 2182.
* 1997 932.7 37. 546. 139. 26 225. 0 29 0. 00- 68. 47 19. - O. &~ -2089.

19 % a63.7- 35. 526, 131.- 27. 23R 0.30 & 00 71. 42. ~2R R 0. - 2055.-
1999 891 8 33. 502. 124. 28. 248. 0. 31 0.00 73. 37. 21: O. 0. 195&4

! -- 2000 '836. 0 30 463 117 2R 255. O. 34 0 00 75. 32. 21. O. R 1858.' 2001. 761.O 28. 445. 108 28. 260 0. 33 A 00 82. ' 26. 22. 0 0. 1761.2002 712.5~ 24. 382. - 99. 26. 263. R 41 0 00 90. - 21.- 22. R : O. 16391
2003- 751.6 24. 363. 94. 24. 243. O.29 0. 00 86. 16. 20. O. O. 1622.'' 2004 742.0 23. 35R 90 23. 225. O. 33 0.00 76. 13. 19. O. R 1569.-
2005 71R 0 23. 349. 88. 21. 209. 0 29 R 00 65. 10. - 17. & R

1402,'.1491.
2006 t>79. 6 21. 317. 82. 19. 193. O. 31 0. 00 66. R 16. O. R
Pitor - 700.1 20. 300. 77, 18. 179. O. 29 - O. 00 63. 6. 15. O. O.- 1379.

|- 2008 716.1 19. 280. 72. 17. 166. 0.28- 0 00 62. 5. 14. R 0. 135R
'''iO9 737.5 10. 267. 6R 15. . 153. R 26 0 00. 56. 4. 13. O. R 1333..

j 2010 700.9 18. 256. 64. 14. 142. O. 23 6. 00 53. 3. ' 12. . . O. O. 1262.
f 2:it i 659.3 17. 241. 61. 13. 131. O. 22 0. 00 47. 2. . 1 1. O. 0 1184.

2012 -656.i 16. 227. 58 13. 124. O. 21 0. 00 45. 2. ~ 10 -12. R 113R-
20t3 651.9 14. 200. 54. 12. 121. & 19 0. 00 42. 2. 10 -39. . O. -1075.

; 2014 64 5. O 13. 191. 18. 11. 111. O.18 0. 00 39.- ' 1. . 9. -35. O. 1035.
, 2015 644.6- 12. 176. 44. 10. 103. O. 17 0. 00 36, i. 9. -35. . O. 2002.
41 2016 593.9 11. 163. 41. 9. 95. - 0 15 0 00' 34. 1. & -31.' O. 925.

2017 514.5 10. 153. 38. 9. 06. O.14 R 00 31. 1. 7. -19. R 860
4 2018' 491. i 9. 14R 35. 8. 81. O. 13 & 00 29. 1. 7. -26. R 775

2019 454.9 8. 1,*i. 31. 7. 74. O 12 0. 00 27. 1. 6. -14. O. 72R-
Po20- 406 2 7. 112. 28 7. 69. O. 11 0.00 25 1. 6- -2R R 641
101L- 41697.9 1476. 19975. 5332. 604. 5529. 7. 80 - R 00 1866. 1303. 45&- -232. O. 78022.
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TABLE 4 M. Projected Unit Cost for Median Growth with No Reprocessing
(in Current Dollars with 6% Annual Escalation)

Yt..r eM ll2OH U S Lf ItePK U FOO 5f-Et4 T Fe f u PU ItKP t O WM ItKR 5H r4T HH51E Fij WilhE SPENT

f r$ E.t WE D ( OtP/P i'UEL TPeri 1Roti 510PfruE F00 FUEL 5 tor D15PU5ftL f~til DISP

t/t 8 1.'t.0 -U t /5110 * dG- t/t 0-Itti t/VG-itt1 t/G-TUT 1/O-TOT t/f G-itM 1/l G-Itt-YR 2 N G-liH s/G FI55 t/LG-tsN
H/0 00

rsrP 6 0% 6.0% 6.0% 60% 6 0% 6 0% 6. 0% 60% 60% 6 0% 6 0% 6 OM
19?7 42 0 4. 6 70 0 95 0 15 0 150. 0 0 02 0 00 350 0 5. 0 20. 0 0 00 95 0

1970 41 5 49 81.6 100 2 15 9 159 0 0. 02 O 00 3 ?1. 0 &1 21.2 O 00 100.7

1979 47.2 52 09.9 105 5 16 9 168 5 0 02 0. 00 393.3 65 22.5 O. 00 106 ?
1%s 50 0 55 9?.7 111.O 17.9 178 7 0 02 0 st0 416.9 &9 21 8 0 00 11 3. i
1481 St O 50 10ri 0 116 8 18 9 189 4 0.03 0.00 441.9 7. 3 25.2 0 00 119.9

1982 56 2 62 116 4 123.1 20 1 200.7 0. 03 0 00 468.4 7. 7 26 8 0 00 127.1

1983 59.6 65 127.7 130. 2 21.3 212.8 0.03 0 06 496 5 02 28. 4 0 00 134.8

1904 63.2 69 139.8 13& 8 22.6 225.5 O 03 0 00 52& 3 8. 7 30.1 0. 00 142.8

1985 6& 9 7. 3 151.4 144.2 23 9 239 i O.03 0 00 557.8 92 31. 9 0 00 151 4
1986 71. 0 7. 8 165 6 151.9 25.3 253.4 0. 03 0 00 591.3 98 33.8 0 00 160 5

1987 75 2 82 179 1 159.4 26.9 268 6 0. 64 0 00 626 8 10 4 35.8 0 00 170.1

1938 79. 7 67 189 8 168 0 28 5 284.? 0. 04 0. 00 664 4 11. 0 38,0 0 00 180 3
1989 69 9 9. 3 201. 2 177.1 30.2 301.8 0 04 0.00 704.3 11. 6 40.2 0. 00 191.2

1990 95. 3 9M 213 3 186 4 32.0 319.9 a 04 0.00 746.5 IL 3 42.7 0 00 202.6

1991 101. i le 4 226 1 196 7 33 9 339.1 0.05 O. 00 791.3 13.1 45.2 0 00 214 8 "
19>2 107.1 11. O 239. 7 206 1 35.9 359.5 O.05 O.00 838.8 13.9 47.9 0. 00 227.? .

1993 117.4 11. / 241.3 217.2 38. 1 381.1 0 05 0 00 889. i 14.7 5R 8 0 00 241.3 --
'

1994 121 4 12.4 253 1 228 9 40 4 403 9 0.05 O. 00 942.5 15 6 53.9 0 00 255.8
1995 131.9 13. 1 265 5 240 9 42. 8 428 2 0. 06 0 00 999.u 1& 5 57.1 d 00 271.2
19'M 139 8 13 9 270 4 253.0 45 4 453.8 0 06 R 00 10 % 0 17.5 64 5 a 00 28?.4
197 148 2 14 8 2M 8 266 8 40 1 431 1 0 06 0 00 1122.5 16 6 64.1 O 00 304 ?

1998 175.4 15. 6 309 4 281. 5 51.0 509 9 0.07 0.00 1189.8 19.7 68 0 0 00 323 0

1999 1W 5 16 6 324 3 295.5 54.1 540. 5 0 07 0. 00 1261 2 20 9 72. 1 0 00 342.3

2rnto ??S 4 17.6 340 0 311 3 57.3 573 0 0. OS 0. 00 1336 9 22 1 76 4 0 00 362.9~

25t01 238 9 18 6 356 3 32u o 60 7 607. 3 0 08 0 00 1417.1 23.4 81. 0 0 00 384 6
2n02 253 2 19 7 373 4 346 4 64.4 643. 8 a 09 0. 00 1502.2 24. 8 85. 8 0 00 407.7

2003 270 8 20 9 391 2 364.9 68.2 682. 4 0.09 0 00 1592.2 26 3 91. O O 00 432.2
MnM 327.3 22.2 414.7 386 8 72.3 ?23.4 0.10 a 00 16n7.8 27.9 96 4 0 00 458 1

2005 395 5 23 5 4 39. 6 410 0 ?& 7 766 8 0 10 0.00 1789.1 29.6 102.2 R 00 485.6
M136 477.9 24.9 46G 0 434.6 31.3 812 8 0 11 0 00 18 % 4 31.4 10a 4 0. 00 514.7
200? 50& 6 26 4 493.9 460 6 8d 2 861.5 0 11 a 00 2010 2 33 2 114.9 0 00 545 6

?s'n t0 556 3 20 0 523.6 488 3 91.3 913 2 0.12 0 00 2130.8 3S 2 121.8 0 00 578 4
2009 589. 7 29 7 SW O 517.6 96 8 968 0 0 13 0. 00 225& 7 3? 4 129 i O 00 613.1

2010 625.1 31. S 58a 3 548 6 102.6 1026 1 0 14 a 00 2394.2 39 6 136 8 0 00 649.9

2011 662.6 33.4 623.6 581. 5 103 0 1087. 7 0.15 0 00 2537.9 42.0 145.0 0. 00 688 8
2012 702.4 35 4 661. 0 616 4 115.3 1152.9 a 15 O 00 2690 1 14 5 153.7 0 00 730 2

2013 744.5 37.5 ?vn ? C514 122.2 1222.i a 16 0 00 2851.5 47.2 162.9 0. 00 774.0
2:114 789.2 39.7 742 7 692 6 129.5 1295.4 0.17 0 00 3022.6 50 0 172.7 0 00 020.4

2015 836 5 42 1 787.3 731 2 137.3 1371 1 0.18 0 00 3204.0 53 0 181i e fut 069.?

2016 886 7 44 6 h34 5 778 2 145 6 1455.5 0 19 0 00 3396 2 5& 2 194.1 0 00 921.8
2017 939.9 47.3 8 04. 6 824 9 1">4. 3 1512.9 0. 21 6. 00 3600 0 59.5 205. r u 00 977.1

2018 9% 3 50 2 937.6 874 1 163.5 1635 4 0 22 0. 00 3816 0 (.3. 1 218.1 O 00 1035 8

2:11 9 10 % 1 51 2 9S3 9 926 9 173. 4 1733 6 0.23 0 00 4045.0 06 9 231.1 0 00 109?.9
Pu2H 1119 4 56 4 in51. 5 902. 5 183 8 1d37.6 0 25 0 00 4287.6 70 9 245 0 R 00 1163.8

lli

t tVE. 473.3 26 0 511 9 470 8 101.3 00 0 00 0 00 00 37.i O. O O 00 64i.4

1 - _. _ _ _ _ _ _ . . . . _ _
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TABLE'4.10. Levelized fuel Cycle Cost for liedian Growth
p (Mills /kW-hr)

'

!

|
r.

' Discount Rate, 8%
- (No Reprocessing,1977 Dollars)

' HItitth3
-YEf1R' HILLitio CC#/P-UF6 ' EttRicMtr4T U FUELSPEttT REPRO PU ItiCR PU H0X ITER SPEtiT -- WtsTE Ft1.5 ALES SPEtiT TOTALt FftB FUEL TRftti TPfitis -STORAGE FAB FUEL FTOR DIsPCr(1L : - FUEL DISP, ..

W O Fi)77-81 2.851 0.131 1.221 . O. 464 R 026 0.600 O. 000 0.000 'O.000 0. 111 R 000 -R 000 0.285 5.088--182-86 2.762 6.127 1.449 0.43? O.036 6. 000 R 000 R 000 :0.000 0 iii 0.000 0.680- " R 2Er2 5.204:
-

,

} ~87-91 2.770 0.125 1.632 6.415 8. 039 0. 000 0. 000 R 000 O. 000 a 112 R 000 & 000 & 267 5.35992-96 2. 9% 0.124 1.620 0.398 & 043 0 000- O.000 0.000 0. 000 0 112 0.000_ R 000-_ -O. 259 - 5.545-
..
- >7- 1 3.160 -O.122 1.510 0 379 - O 046 0.000 0 000- R 000 0. 000 & 132 - O. 600 - R 000 O.251 -5.580, ' 2- 6 4.094 R 121 1.440 0.363 6. 049 R 000 6.000 0. 000 0. 000 R 112 & 000 6. C@0 - R 243 6.422.- ~7-11 5.662 0.120 1.422 0 356 0. 053 0.000 'O.000 6. 000 0.000 R 113 0 000 R 000 & 242 '7.968-i 12-16 6.218' O 121- -1.438
| 17-20 - 6.254 8.121 .1.443 ~

0 359- O.056 0.000 -0 000 0.000 0.600 0.11? R 000 8.000 0. 241 81551 -0.357 0.062 R 000 R 000 R 000 R 000- 0 115 0. 000 & 000- 0. 21.5 u.565
-Distount Rate, 8% (U and Pu Recycle, ~1977 Dollard

i 77-bi 2.851 -0 131 1.221 O.464 R 000 R 000 R 000 'O.000 0 000 - R 188 6.006 u. 000 -U 000- 4.855 't

~

,

i:-
82"86 2.762 6.127 1.449 6.437 0 022 O.224 0. 600 0.000 0.600 0.226 & 019 O. 000- O. 600 -5.265-

!

87-91 2.637 0. 116 1.575 O. 404 8. 050 0.500 :O.001 6. 000 0 041 a 191 0.041 O.000 R 000 5.556~92-96 2.483 & 100 1.458 a 360 6.068 0. E.82 6.001 0. 000 R 123 0.143 & 056 0 COO 0.000. 5.475 -97 1 2.227 a'086 1.262 0.318 0. 084 = 0.837 0.001 0. 000 0.158 R 072 0. 069 6. 063 & 000 -5.114-| 9' 2- 6 ~ 1. 978 R 070 1.087 ft 275 R 071 0.714 0.001 R 000 & 221 R 025 R 059 R 000- O. C@0 4.502-'3 7-11 2.292- O.072 1.056 0.270 R 065 O.646 6.001 R.000 0.218 .O 010 0.053 -0.089- . R 000 4.594
* 12-16 3.028 0 074 1.078 0.274 0 OC2 O.620'O 001 .O. 000 & 217 6.006 0.051 -0.176 0. 000 5.236
'

17-20 3.833 O_073 1. 079 0.270 0. 056 & 560: O. 001 & 000 6.221 R 003- R 046 -0.157 :R 000 5.985.|
.

%. , |
~

' Discount Rate, 14% (No Reprocessing, Current Dollars with 6% Annual Escalation) "~
<-

.

O. 000 - R 000 0 149 0. 000 ~ & 000 - O. 382 . .5.329
.

77-01 2.88? R 136 -1. 262 0 481 R 033 0.000 0.000.
82-86 3.494 0.170 1.943 0 *iS6 0.061 0.000 0. 000 0.000 0. 000 0 200 0 000 0. 000 0.507 6. 960 -
87-91 '4.669 0.223 2.917 O.742 0. 087 ~ R 000- 0 000 R 000 & 000 0.267 & 000 R 000 R 638 . 9.543 h.

92-96 '6.733 0.295 3.867 0.950 0.129 0.600 0 000 R 000 0. 000 & 357- O. 00u 0. 000 a 827' 13.157'
97- i 9.446 'O.389 4.815 1.208 0.185 O 600 R 000 R 000 - R 000 & 477 & 000 0.000 1.071 :17.590-
2- 6 15.417 e.515 6.133 1.544 0 264 6.000 6.000 0. 000 - R 000 -O. 637 0. 000 0.000- .1;385. 25.095-*

'7-11 -29.458 O 684 8.088. 2.025 & 379 --O. 000 0 000 R 000 ~ 0. 000 0.859 R 000 0. 000 1.843 43.337.
i 12-16 44.589 0.920 1R 931 2.732 0 539 0. 000 6.000 0. 000 0. 000 1.192 0. 000 0. 000 2.452 63. 356 '

17-20 58J488 1.196 14.306 3.539 R 771 6. 000 0 000 0.000 R 000 1. 522 0.000 0. 000 2.823 82.645;
i

j. Discount Rate,14% (U and Pu Recycle, Current Dollars with 6% Annual Escalation)
-

<

.R 000 R CCO 0.253
~

.^0' 6 0. 000 6.600 ' 5.018L 77-81 2.88? 0 136 1.262 0.481 R 000 R 000 R 000 0 0
i 82-e6 3. 494 0 170 1. 943 R 5e6 & 03e O.403 0 000 0.000 O. 000 0. 405 O. 033 R 000

- O.000 -10.127 .
0 000 7. 074

87-91 4.444. O.206 2.814 0 721 0.113 1.195 & 001 R 000 R 074 - R.458- .O 099 R 000-
|- --92-96 . 5 591 : R 238 3.479 0. 8% - R 206 2.181 0 003 R 000. O.294 0 458 'O.181 R COO 0. 000 13.488

97- 1 6.697 0 273 4.022 1.012 0.337 3.572 0.005 0 000- O.505 a 307 6. 2 % .O. 000 0.000- -i?.026'-

I 2- 6 7.899 0. 29? 4.627 1.170 0.384 4.070 6.006 0. 000 R 942 0.143 0. 337 . R 000 - O.000 19.876
7-11 11.993 0.407 6.006 1.536 0.464 4.917 0. 008 & 000 1.240 0 076 6.407 -0.644 O. 000 26.414-4

i .12-16 21.040 O.565 &193 2.082 0 595 6.310 R 010 R 000 1.648 0.062 R 522 -1.799 & 000 .39.228
j . 17-20 35 347 0.726 10.691 2.675 0 700 7.424 0. 013 & 000 2.189 0.042 0.615 -2.092 R 000 5& 331
!
4

i '.

,
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indicates little difterance in the first few years, but growing to a
O difference of 2 mills /kW-hr by ' year 2020. For the cases with escalation

the discount rate is increased to reflect the higher cost of money
associated with the rate of inflation. The resulting fuel cycle costs
are, of course, suostantially larger growing to 82 mills /kW-hr in the

0- case of no reprocessing in year 2020.

In recent yese., many questions about the extent of uranium resources
and their influence on uranium prices have developed. Table 4.11 sumarizes
the cumulative resource consumption for the median growth case with and

O without reprocessing. These values differ from a sum.ation of tne uranium
requirements in Table 4.1 or Table 4.5 because adjust =ents are made for
imports, exports and by-product production.

.

O 4.2 SINGLE REACTOR FUEL CYCLE COSTS

Costs for fuel cycle operations for BWRs and PWRs over a 30-year life
are reviewed in tnis section of the report. In the NUFUEL model the national
fuel cycle flows are derived by sunning up the fuel cycle flows of individual

O reactors. For plants which will start operation before about 1980, enougn
specific information is available on design and expected operating
characteristics to enable the fuel cycle to be. represented separately for
each reactor. For reactors which start at later times, generalized, or

O model, plants data have been used. It is the model reactor characteristics
that are most typical of future plant additions. These characteristics are
based on submissions by vendors to 00E. The model reactor chsracteristics
were swraarized in Table 2.2 in Section 2 of this report in terms of averages

O while the more detailed annual require,ents for fuel cycle services are
sumarized in Table 4.12 for pWRs and Table 4.16 for SWRs. The NUTUEL model

adjusts the reload batch size each year to maintain annual refueling
schedules. This is best illustrated by referring to the uranium fuel

O fabrication column in Table 4.12. In 1983, 114 MT are fabricated wnien

constitute the initial core. Reloads begin in 1985 stabilizing by 1990
into an equilibrium pattern maintained until year 2003 when the capacity-
factor begins declining from 70% at 25 per year. In the reprocessing column

O the associated spent fuel reprocessing is indicated including the 111 kilograms
.

: of spent fuel from-the final core. The projected unit ccsts are summarized
in Table 4.13 in constant dollar tents; the costs are consistent with the

case of median growth with uranium and plutonium recycle shown in Table 4.5.

O
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O TABLE 4.11 Cumulative Uranium Resource Consumption
for Median Growth ,

U 0 , 1,000 ST38
n No WithV^

Year Reprocessing Reprocessing

1977 11 11

1978 24 24
1979 39 38

O
1980 53 53
1981 68 68

'

1982 85 85
1983 106 106
1984 129 129

O
1985 155 155
1986 184 182
1987 215 211
1988 251 242
1989 289 275

O
1990 331 310
1991 372 342
1992 415 376
1993 463 412
1994 51 4 450

1995 '568 489
1996 626 530
1997 688 571
1998 752 614
1999 821 656

2000 892 699
2001 967 741
2002 1,045 783
2003 1,125 826
2004 1,207 874

0 2005 1,291 923
2006 1,378 974
2007 1,466 1,026
2008 1,556 1,080
2009 1,648 1,136

O 2010 1,741 1,193
2011 1,836 1,252
2012 1,932 1,311
2013 2,028 1,370
2014 2,122 1,425

C 2015 2,217 1,486
2016 2,312 1,486
2017 2,405 1,601
2018 2,498 1,565
2019 2,588 1,709
2020 2,675 1,760

.O
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TABLE 4.12. Process Flows for 1,000 MWe PWR Unlimited Reprocessing

YO;P Hitt it10 t! 6 Eth>10fttif U FUEL 5fftiT FEPR0rE55 PU Ir4CR PU hOX ltKR 5 petit 6105TE FU SAL ES 5FitiT Tolt.5

111Lt . itto t utt'.H 2000 FHB FUEL TFitN 1FittJ5 510FitOE FetB FUEL STOR DISP 050L KG FISS FUEL DI5P E0 rte
1000 ST ite-O M10 t1T-5t!U HTU HT-lif t HT-itH kG-TOT KO-TOT NT-tM HT-lM HT-HH HT-HH %

H PU
1 '*: rt O.24 0.27 0. 21 79. O O O. O. O. O. 0 0 0. O.250
t y..: 1 0 12 0.01 0. 00 0 0 0. O O. O O 0. O. O. O.250
1 MJ'i 0. 23 0.18 0 12 27. 26 0. 0 O. O. O. O. O. O. 0 250
19::6 : 19 0.16 0.11 0. O. 26 0. O. O. O. O. O. O. 0. 250
15m7 u 14 0.11 0.09 27. 2& O. 185. 0 0. O. O. O. O. O. 250
1Wu O 13 0 10 0 00 21. 24 26 235. O. 4. O. 0 0. O. O.250
1 M:> 0 13 6. 09 0. OS 19. " ^4. 244. O. 5. O. O. O. O. O.250
1' % st il u 09 0. 08 19. 22 22. 232. O. 5. 0 0. O. . O. O.250
151. O 13 0 09 6. 08 19 22. 22. 232. O 5. 0 26. O. O. O.250
1 'r>? 0.13 0 09 0. 08 19. 22. 22. 232. 0 5. 0 0. O. O. O. 250
1 ? '' t O.12 0. 09 0. OS 19. 22. 22. 282. O. 5. O 26. O O. O.250
1PM O 13 0 09 6. OS 18. 22. 22. 296. O. 6. O. 24. O. 0 0.250
1W) O. 13 0. Oc4 0 08 18. 22. 22. 298. O. & 0. 22. Or O. O 250
1YC 0 13 0.09 0 08 1 ?. 22. 22. 295 O. 6. O. 22. O. O. O.250
Vr V O 13 0 09 0 OS 18. 22 22. 295. O. 6. O. 22. O. O. 0.250
1Wu O 12 n. 0:* O 08 18. 22. 22. 295. O. 6. O. 22. 0 0. O. 250 3

15r;O u 12 O 09 0. 0? 18 22. 22. 309. O. 6. O. 22. O. O. O.250 -a

2Wtd n 12 0. 09 0. 0? 17. 22. 22, 312. O. 7. 0 22. O. O. O.250 m
2ts ti u.11 0 08 0. 67 17. 22. 22. 313. 6. 7. O. 22. O. O. O.250
Nn.i? O 11 O n8 0. O? 16 21. 22. 307. O. 7. O. 22. 6. O. G. 250
Nv)3 n 11 6. 03 0.67 15. 21. 21. 300. O. 7. O. 22. 0 0. 0 250
21-96 u le O. 0? O 06 15 20. 21. 294. O. 6. 6. 22. 0 0. O.250
wnri o 10 0 07 0 06 14. 19. 20. 291. O. 6 0. 22. O. O. O. 250
2t stM n. 09 0.07 0. 06 14. 19. 19. 285. O. 6 0. 22. O. O. O.250
Nrs/ 0.09 0 06 0.06 13. 18. 19. 2?9. O. 6 6. 22. 0 0. O.250
?tnTO O 09 0 06 0 05 13. i?. 18. 271. O. & O. 21. O. O. O.250
2rn19 n. 08 0 06 0. 05 12. 17. 17. 262. 0 6. O. 21. O. O. O.250
20to O e3 0 06 0 05 12. 16. 17. 254. O. & 0- 20 0. O. O 250
2011 0. 08 0. OS 0.05 11. 1& 16 246 0. 5. O. 19. 0 6. 0 250
2012 u. 07 0. 05 O 04 11. 15. 16 239. O. 5. O. 19. O. O. O.250
2013 0.07 0 05 O. 04 10. 14. 15. 231. O. 5. O. 18. 6. O. 0 250

2' 4. 0 5. O. 17. 0 6. O 2502?O1 -1 H. 02 0 03 0. 04 10. 77. 14.
201'i -0.01 -0 01 -0 13 0 0. ??. 1581. O. O. O. 17. O. 0 0 250
1111L 3 72 2. 81 2.17 552 655 655 9119. O. 155. O 518. O. O.

__. . -
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|- . TABLE 4.13. Projected Unit Cost for 1,000 MWe PliR with Unlimited Reprocessing
, . (in Million of 1977 Dollars)
!

YEffrt U308 'U SEP HORK U ~ FAB SPENT REPRO PU INCR PU. 'NOX~ INCR SPENT HRSTE Fil VALUE -5 PENT
AS DURHED CCtNR FUEL TPAN TRfWA STORn0E FAB FUEL STOR DI5POSAL | FUEL DISP

*/LB tNC-U $/5HU $AO-U $/KO-HM */KO-HN t/0-TOT */O-TOT $AO-HN t/KO-HM-YR */KO-HN ~$/0 FISS t.tG-hN-
WO PU .

ESCRL 0. 0% 0 0% 0. 0% 0. O' O. 0% 0.0%- 9. 0% 0. 0% . O. 0*C 0. 0% 0. 0% 0. 0%
'.

'. O. 02 .~
a 00 350.0 7. 4 20. 0 0.00 95 0'1983 :42.0 4. 6 90.0 91.8 15. 0 150.0

350.0 7. 4 20. 0 0. 00' 95. 0-1984 - 42.0 4. 6 93.0 91.0 15.O 15a 0 8.02 8. 00 -
.

:1985 42.0 4. 6 95. 0 90.5 15. O 150. O . 9. 02 8. 00 350. 0 - 7. 4 20.0 & 00 95. O!-

.1986' 42.0 - 4. 6 98. 0 89.9 15. O 150. 0 . & 02 - 8. 80 350.0 7. 4 20. 0 0.00 95. 0i

1987. 42.0 4. 6 '10& 0 89. 0 15.O , 150.0- 8.82- 8.00 350.0 7. 4 20. 0 0.00 95.0
1938 42.0 4. 6 100.0 88.5 25.0 150.0- 8.02- 9. 00 350. O 7. 4 20.O & 00 95.0

'

'
1989 44.7- 4. 6 100.0 ' 8& O 15.0 15& O . 9.02- O. 00 350.0 74 20. 0 0. 00 95.0

.

.

1990 44.7 4. 6 100.0 87.4- 15.0 150.0 9.63: O. 00 350. 0 7.4 20. 0 0. 00 95.0 '

, '
1991-~ 44.7 4. 6 1 00. 0 87.O 15.0 150.O. 8.02; 8.00. 350. 0 7. 4 20. O 6.00 95. O ~
1992 41.7 4. 6 100. 0 86. 0 15.0. 15d 0 8.02~ 0. 00 350.0 7. 4 20. 0 0. 00 95. 0
1993 44.7 46 95. 0 * 85.5 15. 0 -150.0' O.02 6. 00 ~ 350.8- . 7. 4 20. 0 0. 00 95. 0
1994 44.7 4. 6 94.6 85. 0 15.0 15 0. O 8. 02 8. 00 350. O 7. 4 20. 0 0. 00 95. O '

1995 44.7 4. 6 93. 0 84.4 15.0 150.0 8.02; 0. 00 350. 0 7. 4 20.0 0. 00 95-0
1996 44,7 4. 6 92. 0 83.9 15.0 150.0. O. 02 & 00 350.0 7. 4 2& 0 0. 00 95. 0'
1997 44.7 4. 6 9L 0 83 2 15.0 15d 0 0.02 ' O. 00 35& O 7. 4 20.0 0.00 95.0
1998 41 2 4. 6 91. 0 82.8 15.0 150. 0 0.02' O. 00 350.0 7. 4 20. 0 0. 00 95.0 - .>,

J' 1999 46.2 4. 6 90. 0 82.0 - 15.0 150.0 0.02- 8. 00 350.0 7. 4 20. 0 & 00 95.0
~ $

*
*

2000 4i 2 4. 6 89. 0 81.5 15.0 -150.0 0.02 a 00 350.O ?. 4 20.0 6. 80 95. 0 -

2001 46.2 4. 6 88. 0 81. 0 15.0 150.0- 8.32 0.00 350.0 7. 4 20. 0 0.00 95. 0
.

'
2002 46.9 4, 6 87. 0 80. 7 15.0 150.O. & 02 0. 00 350.0 7. 4 20. O O. 00 95. O
2003 51.6 4. 6 86. 0 80. 2 15.0 150. O O.62 0.00. 350.0 - 7. 4 20. 0 0. 00 95. 0
2004 51. 6 4. 6 86.0 80.2 15. 0 150. O -~ 0.02 3.00- 35R 0 7. 4 20. 0 0. 00 95 0,

2005 51.6 4. 6 86. 0 80.2 '15.0 150.0 0.02- 0.00 350.0 7. 4 20. 0 0.00 95.0
4 2006 51,6 4. 6 86. 0 80.2 15.0 150. 0 8.02- O.00 35R 0 . 7. 4 20. O O. 00 95 0

200? 54.4 4. 6 86.0 80. 2 15.O 150. 0 0.02 0.00 35h 0 7. 4 2d 0 0. 00 95.O
?003 59. 0 4. 6 Bi 0 80. 2 15. 0 150. 0-- O.02 & 00 350.0 7. 4 20. 0 0.00 95. O
2069 65. 0 - 4. 6 86. O 80. 2 15.0 150. O 8. 02 O.00. 350,O - 7. 4 20. 0 8. 00 95. 0<

2010 65. 0 4. 6 86.O 80.2 15.8 150. 0 0.02 0.00 350. 0 7. 4 2R 0 0. 00 91 0
2011 65.8 4. 6 86. 0 80. 2 15.O 150. 0 8.02 0.80: 350.O ?. 4 20.O R 00 95.O
2012 66.3 4. 6 86.0 80. 2 15.0 150. 0 0.02 0. 00 350. 0 7. 4 20. O O.00 . 95 0
2013 72.9 4. 6 86. 0 80.2 15. 0 15a 0 0. 02 0.00 35a O 7. 4 20. O O. 00 95.0
,2014 80. 2 4. 6 86. 0 80. 2 15.0 150. 6 8. 82 0.00 350 0 7. 4 20. 0 0. 00 95. 0
2015 80 2 4. 6 Bi 0 80.2 15. 0 150.0 0. 02 0. 00 350.0 7. 4 20. 0 0.00 95 0

' - IIT
,

fWE. 47.9 4. 6 92.4 84.9 15. 0 150.0 0. 02 0. 00 35d 0 0. 0 20 4 & 00 0. 0
.
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TABLE 4.14. Projected Costs for Materials and Serv. ices __
for 1,000 MWe PWR with Unlimited Reprocessing
(in Millions of 1977 Dollars) -

YEAR TINING UF6 ENRICtetiT U FUEL SPENT RE. PRO PU INCR PU HOX ITER SPENT HASTE PU SALES SPEtiT -TOTAL'

NILLItt0 C0tNR FRB FUEL TPJtti . TRAtIS STORAGE. FAB FUEL STOR DISPOSAL FUEL DISP'

l1/0 PU
1983 19.9 1. 19. 7. O. O. O.00 6. 00 9. O. O. . O. ~ 0. 47.
1984_ 9. 7 0.' - O. O. O. O. O.80 8. 00 8. - e. O. O. O. .10.
1985. 19.2 1. ii. 2. O. O. O.90 8.00 8. O. O. O. O. 34.'

i 1986 15.6 1. 11. 0.. O. 4. O. 80 8.80 8. O. O. 8. O. 32.8

; 1987 11.8- 1. 9. 2. O. O. O. OO 0.00 8. O. O. O. O. 24.
1988 10.8 - O. 8. 2. O. 4. 8.90 8.00 1. O. O. O. G. 27.
1989 11.3' O. & 2. O. 4. O. 00 'O.90 ' 2. O. O. O. O. . 27.
19 0. ii.4 0. 8. 2. O. - 3. O.00 8.00 2. O. - O. O. O. 27.

! 1991 11.4 0. 8. 2. 8. 3. O.00 9.90 2. _ 0. O. O. O. 27.
1992 11. 3 8. 8. 2 O. 3. O. OO O.90 2. O. O. O. O. 27.
1993 11.2 8. 7. 2. O. 3. O.01- O.80 2.. O. O. 8. - O. 26.:

1994 11.2 0. 7. 2. O. 3. O. Oi O.80 2. O. O. O. O. - 26.
- 1995 11.2 8. 7. 1. R 3. O.01 0. 00 2. O. O. O. O. 26
1996 11.2 0. 7 1. O. 3. O.01 0.00 2. O. O. O. O. 26.
1997 11.2 0. 7. 1. O. 3.. 0.01 0.00 2. O. O. O. O. - 26. P
1998 11.5 O. 7. 1. O. 3. O. Oi 0. 00 2. O. O. O. O. 26. a

i*>99 i L. 3 8. 7. 1. O. 3. .O.01 O.00 2. O. O. O. R 26. N

2000 10.9 0. 6. 1. O. 3. O. Oi 0.80 2. O. O. O. ' O. 25.
2001 10.4 0. 6. 1. O. 3. O.01 0. 00 2. O. 0 8. O. 25.

;- 2e02 10.2 0. 6. 1. O. 3. O.01 0. e0 2. O. O. e. O. 24.
.2003 10.9 6. 6. 1. O. 3. O. Oi 0. 00 2. O. . O. O. O. 24.
2004 10.5 O. 5. 1. O. 3. O.01 0.00 2. O. O. O R 23.
2005 10. 1 6. 5. 1. O. 3. O.Oi. O. 00 2. 8. O. O. O. . 22.
2006 9. 7 0. 5. 1. O. 3. O. Oi 0. 00 2. O. O. O. R 22.

9. 9 8. 5. 1. O. 3. 0.01 0.00 2. O. O. O. O. ' 21.- 2007
.10.4 0. 5. 1. O. 3. O. 01 C. 80 2. O. O. O. O. . 22. -2008,

2009 10.9- O. 4. 1. O. - 3. O.01 6.80 2. O. O. O. O. 22. -

! 2010 10.4 R 4. 1. O. 3. O.01 0. 00 2. O. O. O. O. 21.
2011- 10.0 0. 4. 1. O. 2. 0. 00 0.00 2. O. O. O. O. 20.'

2012 9. 6 0. 4. 1. O. 2. O.90 0. 80 2. - O. G. R 0. 19.
2013 10. i 8. 4. 1. 8. ' 2. O.00 0.00 2. O.- O. O. O. 19.
2014 3. 4 0. 3. 1. 1. 2. 0. 00 0.00 2. O. O. O. O. 13.

- 2015 -2.2 -0. -11. O. O. ii. O. 03 6.00 0. O. 1. O. O. -1J

TOTL 356.4 13 200. 47. 10. 98. 0.18 0.00 54. 3. 8. O. O. 787.i

.
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TABLE 4.15.. Discounted and levelized Process Costs for 1,000 MWe PWR with Unlimited Reprocessing-'

_ (in Millions of 1977. Dollars)-g.

^

>

Discount; Rate, 8%

'

YEAR HINING UF6 ENRICHMNT U FUEL SPENT REPRO
~

PU INCR PU- H0X INCR SPENT WASTE PU SALES SPENT' TOTAL* NILLING corNR FAB FUEL TRAN TRANS. -- STORAGE ' FAB-FUEL STOR DISP 05AL'- FUEL DISP-
H/0 PU -1983 12.6. 1. ' 12. 5. 6. O. O. 00 0.00- O. G. 0. - 9. . O. . 30 _1984 5. 7 8. O. O. O. R. O. 80 O. 00- - 9. . O. O. 0.. & 6.

-

1985 10.4 8. 6. 1. O. 8 8. O. 00 & 00 9. O. O. 0.~ 0. - 18. -1906- 7. 8 8. 6. O. O. 2. O. OO 0.80. O. R 0. : O. * O.- 16. -1987 5. 3 8. 4 i. O. & - O.90 & 00 8. O. R- 8. O. 11.' 1988 4. 6 0. 4. 1. R 2. 8. OO R 00 . 1. . O. .. O. O. O. 12.
4

'

1989' 4. 5 O. 3. 1. O. 1 8.90 0. 00 1. O.
"

O. O. O. ii.

'

1990 4. 2 a 3- 1. O. i. O. 80 0. 00- 1. O. & 0. O. .10.*

1991' 3. 9 0. 3. 1. O. 1. & OO O. 00 1. O. R 0.' - O. 9..

1992: 3. 6 0. 2. '1. O. 1. O. 00 9. 80 - 1. & G.- 6. O. 8.1993 3. 3 0. 2. O. O. 1.. O. OO 0. 00 -1.- 38. O. O.- O. 8. -3

! 1994 3. 0 0. 2. O. O. -

1. 8.00 . O. 00 : ' 1.
- *R 0. O. 0. . 7. -1. O. 00 0. 00 - = - ' 1. -

-

1995' 2. 8 8. 2. O. O. O. O. O. 0. - ~71996' 2. 6 8. 2. O. O. 1. . O. 00 8.OS. 1.- ~
0. O. &
O. O.* 0. O. 6. . - P1997.' 2. 4 0. 1. O. O. 1.

1998 2. 3 0. 1. O. 8. 1.-
~ O. 90 8. 90 . 9.

1999- 2. 1 0. 1. O. O. . i. J 0. 90 6. 80 8.
' O. B. O.

. R 6. -e
<

0. 90 8. 60 9. a ' 5. 00
O. O. O. O. 5.2000 1. 9 0. i. O. R 1. 8. 90 .O. 00 8. - 0.. O. O. O. 42001 1. 6 & i. O. O. 1. | 0. 90 8. 00 & 0. O. O. O. . 4.2e02 -

- 1. 5 O. 1. O. O. O. 8.80 8. 00 0. O. O. O. O. 3. -

1. 5 O. 1. O. O. O. - O. 80 a e0 8. O. a 0. O. 2.2003
2004 1. 3 0. 1. O. O. O. - O. 80 8. 00 0.. 0 0. O. O. - 2.2005 1. 2 0. 1. O. O. O. O. 00 8. 00 0. O. & 0. O. 3.2006 1. 0 0. 1. O. O. O. O. 90 C'. 00 8. O. O. G. O.

,

2..2007 - 1. 0 0. O. O. O. & O.00 0. 00 0. 1 0. O. O. O. - 2.200S 1. 0 0. 8. O. O. O. O.00 8. 00 0. .; 0. O. O. O. 2. .2009 0. 9 8. O. O. O. O. O. 00 0. 00 8. ? 0. O. O. O. 2.
4

- 2010 - O. 8 8. O. O. O. O. O. 00 R 00 0. 0- A 0. - O. O. O. 2.j 2011- O. 7 0. O. O. O. O. O. 00 R 00 0. O. O. O. O. 12012 &7 - O. O. O. O. - O. 'O.00 & 00 0. O. O. O. O. 1.
r

i 2013 0. 6 0. 8. & 0. O. O. 00 0.00 8. O. O. O. O. 1.i- 2011 0. 2 6. R 0. O. O. . O. OO a 00 0. ' O. O. O. O. 1.2015 - 0. 1 -0. -1. O. O. i. O. 80 0.00 9. O. O. 8. O. - 0.TOTL - 96.8 4. 62. 14. 2. 19. O. 03 0.00 10. O. 2. O. O. 209.

.

Levelized Fuel Cycle Cost, Mills /kW-hr.

83-87 3.052 0.170 1.859 0. 610 0.095 O.951 -O.001 0. 000 - 8. 000 9.800 "O.'079 9.800- O.000 - 6.816
88-92 2.292 0.084 1.467 0.240 0.055 ~0.547 O.001 0. 000 R 148. O. 000 0.045 O. 000 a 000 - 4.-878-
93-97 -1. 843 0.069 1.220 8. 257- O.055 O.547 0.001 0.000- O.305 O. 000 9.045 G.000 0. 000 - 4.343,

98- 2 1.680 0. 063 1.134 0.241 0. 053 - O.533 ;O.001 0.000 a 369 0.000 0. 044 0. 000 ; 0.000s 4.3233- 7 2.028 0.067- -1.087 . O. 239 0. 053 ~ 0. 522 0. 001 0.000- O.436 8. 000 -O.043- O.000 0.000s 4.476-4

8-12 2.341' O.066 1. 067 - - O. 235 O. 089 0.888 0.002-- O.000 0.477 0. 000 .O.073 .O.000 O.000- 5.238
13-15- 3.916 0.093. 1,504 0.331 0. 000 - a 800 --. 0. 000 - a 600 ' < 0.712 9. 600-- 9.8002 8,800 & 000 - 6.556

,

,
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TABLE 4.16. Process Flows for 1,000 MWe BWR with Unlimited Reprocessing
~

'

I '' t OR . tilHitto - UF6 ENRIOtNNT U FUEL SPEtN REPR0sE55 PU INCR PU HOX INCR SPENT WiSTEL PU 5 ALES SPENT TAIL 5'/ ."

^ 1000 ST 1000 NTU N T-5tlU NTU NT-HN NT-NN KO-TOT KO-TOT NT-tM NT-HN . NT-HN
' FUEL DISP ' CONPhit 1ING (Oto/R 1000 - FBB FUEL TRAN

'

TRANS STORACE FnB FUEL STOR DISPOML KO FISS4

HT-HN %
,

H PU
; 1983 0. 28 6.33 0. 22 114. O. O. O. O. O. O. O.. O. O. 0 250

1994 0. 00 0 00 0. 00 0. O. 0 6. B. O. O. O. O. ' O.. O. ?50'

1905 O.13 0. 05 O. 00 0. 0 0. O. O. O.- O.- O.- O. O. .O. 2504

4 1906 6. 22 6.18. O.12 36. 35. 0- O. O. O. G. O. O. & 0.250
~ 1987 0.11 0. 12- O. 11 35. 33. 35 6. O. 0 O. O. . O. O. O.250.

1%8 0.12 6.08 6.67 2L 25. 33. 232. O. 5. G. O. 6. O. O.250.
4 1989- O. 14 0 10 8 O8 24. 28. 25. 248.~ 0 5. - 6. O. O. O. O.250
!- 19''+0 0.12 0 09 0.08 23. 26. 28. - 196. G. 4. O. O. O. O. O.250

1991 0.12 0 09 6. 07 23. 26. 26. 235. O. 5. 0 0. O. O. O.250'

1992 -O.12 0. 09 0. 07 23. 26. 26. 230. 0 5 6. 35. . O. O. O 250
1991 6.12 6.09 6.07- 23. 26. 26. 230. O. 5. 6. 33. 0 0. O.250
1991 0 12 0 09 0. 07 21. 26. 26. 293. OE 6. O. 25. O. O. O.250*

1995 O.12 6. 08 0. 07 21. 26. 26. 297. - O. 6. O. 28. O. O. O.250
1 r 36 0.12 0. 09 0. 0? 21. -26. 26. 283. O. 6. O. 26. - O. O. 0. 250 -e

t #>97 0.12 0.09 0.07 21. 26. 26. 294. O. 6. 6. - 26. O. O. O.250-
1990 -O.12- 0 09 O. 07 21. 26. 26. -293. O. 6. O, 26. ' O. O O.250*

-t999 6. 12 0. 09 6. 07 21 26. 26. 293.' O. 6. 6. 26. O. O. 0 250
.a -,

1 2000 6.12 - O.08 0. 07 21. 26. - 26. 309. O. 7. O. 26. - O. D. O.250'
2001 6.11 0.08 0.06 20. 25. 26. 311. O. 7. O. 26. O. O. O.250 ' '

*2002 0.11 0. 08 0. 06 19. 25. 25. 307. O. , 7. 0 26. O. - O. O.250:
,

2003 'O.10 0 07 0. 06~ 19. 24. 25. 303. O. .7. O. 26. O. O.> 6.250
2001 0.10 0. 0? O.06 18. 23. 24. 296. 6. 6. 6. 26. 0 6. - O. 250 ='

2005 O.10. O. O? 6. 06 17. 22. 23. 289. O. 6. O. 26. O. O. O. 2*4
2006 6.09 0. 0? 6. 05 i?. 22. 22. 287. O. 6. O. 26. O. O. O.250
2:to? _ O_ 09 0.06 0. 05 16. 21. 22. 28L O.. 6. O. 25 0 0. ~ =0.250.
?008 0.09 6.06 0. 05 15. 20. 21. -274. O. 6. O. 25. O. O. O.250
2009 6.08~ 0.-06 0. OS 15. 19. 20. 266. O. 6. O. 24. O. O. ~0.250- t

*

~
2010 0. OS 0.06 6. 04 14. 19. 19. 258.. O. 6. O. 23. O. O. 'O.250
2011 0. 08 0.05 O.84 14. 18. 19. -249. O. 5. O. 22. O. 0 6.250
2012 - 0 07 0. 05 O. 04 13. 17. 18. 241. O. 5. O. 22. O. 6. O.250
2013 0. 07 0. 05 O.04 ' 12. 16. 17. 232. O. 5. O. 21. O. O. O. 250i

2014 0 01 0. 03 0. 04 12. iii. 16. - 224. O. 5. O. 20. O. O. O.250
2015 -0.02 -0.02 -0.19 0. 6. 111. 2014. O. 0 0. 19 0. O. O. 2".0 '
TOIi 3.52 2.67 1. 87 691. 791. 791. 9265. O. 157. 1. 610. O. O..

1
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TABLE 4.17. Projected Unit Costs for 1,000 MWe BWR with
Unlimited Reprocessing
(in Hillions of 1977 Dollars)

YEAR U308 U SEP HORK U FAS SPEtJT REPRO PU INCR PU MOX INCR SPENT HASTE'PU VALUE 5FEtiT -
f15 DURtlED C0tfYR FUEL TRAt3 TRAtt STORAGE FAB FUEL STOR DISPOSAL- FUEL DISP

t/LB */KO-U $/St#J $/KO-U $/KO-HM $/KO-HM $/O-TOT $/O-TOT $/KO-HM $/KO-HM-YR $/KG-HM $/G FISS $/kG-let
H/0 PU

ESCR 0. 0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0. 0% 0.0% 0.0% 0. 3%
'

1983 42.0 4. 6 90. 0 91.8 15.0 150.0 0.02 0.00 350.0' 7. 4 20.0 0. 00 95.0
1984 42.0 4. 6 93.0 91.0 15.0 150.0 0.02 0.00 350.0 7. 4 20.0 0.00 95.0
1985 42.0 4. 6 95. 0 90. 5 1L5. 0 150.0 0.02 . 0.00 350.0 7. 4 20.0 0.00 95.0
1986 42.0 4. 6 98. 0 89.9 15.0 150.0 0.02- 0. 00 350.0 ?. 4 20.0 0.00 95.0
1987 42.0 4. 6 100.0 89.0 15.0 150.0 0.82 0. e3 350. 0 7. 4 20.0 0.00 95. 0
1988 42.0 4. 6 100. 0 88. 5 15.0 150.0- 0.02 0.00 350.0 7. 4 20. 0 0.00 95.0
1989 44.7 4. 6 100.0 88.0 15.0 150.0 0.02 0.00 350.0 7. 4 20.0 0.00 95.0 .

1990 44.7 4. 6 100.0 8?. 4 15.0 150.0 0. 02 0.00 350.0 7. 4 20.0 0.00 95.0
1991 44.7 4. 6 100.0 87. 0 15.0 150.0 0.02 0.00 350. 0 7. 4 20. 0 0.00 95.0
1992 44.7 4. 6 100. 0 86. 0 15.0 150.0 0.02 0.00 350.0 7. 4 20.0 0.00 95.0 .

1993 44.7 4. 6 95. 0 85.5 15.0 150.0 0.02 0.00 350.0 7. 4 20.0 0.00 95.0
1994 44.7 4. 6 94.0 85.0 15.0 150.0 0.02 0.00 350. 0 7. 4 20. 0 0.00 95.0
1995 44.7 4. 6 93. 0 84.4 15.0 150.0 0.02 0.00 350.0 7; 4 20.0 0.00 95.0
1996 44.7 4. 6 92.0 83.9 15.0 150.0 0.02 0.00 350.0 7. 4 20. 0 0.00 - 95. 0 45

1997 44.7 4. 6 91.0 83.2 15.0 150.0 0.02 0.00 350. 0 7. 4 20. 0 0.00 95.0 E3
1998 45.2 4. 6 9L 0 82.8 15.0 150.0 0.02 0.00 350.0 7. 4 20. 0 0.00 95.0 - ca

350.0 7. 4 20.0 0.00 95.01999 46.2 4. 6 90. 0 82.0 15.0 15a 0 0.02 0.00 -

2000 46.2 4. 6 89. 0 81.5 15.0 150.0 0.02 0.00 350.0 7. 4 20.0 0.00 95.0
2001 46.2 4. 6 88. 0 81.0 15.0 150.0 0.02 0.00 350.0 7. 4 20.0 0.00 95.0
2002 46.9 4. 6 8?. 0 80 7 15.0 150.0 0.02 0.00 350.0 7. 4 20.0 0.00 95.0
2003 51. 6 4. 6 86. 0 80.2 15.0 150.0 0.02 0.00 350. 0 7. 4 20.0 0.00 95.0
2004 51.6 4. 6 86.0 80. 2 15.0 150.0 0.02 0.00 350.0 7. 4 20.0 0.00 95. 0
2005 51.6 4. 6 86. 0 80.2 15.0 150.0 0.02 0.00 350.0 7. 4 20.0 0.00 95.0
2006 51.6 4. 6 86.3 80.2 15.0 150.0 0.02 0.00 350. 0 7. 4 20.0 0.00 95.0
2007 514 4. 6 86.0 80. 2 15.0 150.0 0.02 0.00 350. 0 7. 4 20.0 0.00 95.0
2008 59.8 4. 6 86.0 80. 2 15.0 150.0 0.02 0.00 350.0 7. 4 20. 0 0.00 95.0
2009 65. 0 4. 6 86. 0 80. 2 15.8 150.0 0.02 0.00 350.0 7. 4 20.0 0.00 . 95.0-
2010 65.0 4. 6 86.0 80. 2 15.8 150.0 0. 02 0.00 350.0 7. 4 20.0 0. 00 95.0
2011 65.8 4. 6 86. 0 e0. 2 15.0 150. 0 0. e2 0. 00 350.0 7. 4 20.0 0. 00 95. 0
2012 66.3 4. 6 86.0 80.2 15.0 150.0 0. 02 0.00 350.Q 7. 4 20.0 0.00 95.0
2013 72.9 4. 6 86.0 80.2 15.0 150.0 0.02 0.00 350. u 7. 4 20.0 0.00 95.0
2014 80.2 4. 6 86. 0 80. 2 15.0 150.0 0.02 0.00 350. 0 7. 4 20.0 0.00 95.0
2015 88.2 4. 6 86. 0 80.2 15. 0 15a 0 0. 02- 0. 00 350.0 7. 4 20.0 0.00 95.0

itT
AVE. 48.0 4. 6 92.6 85. 1 15. 0 150.0 0.02 0.00 35 0. 0 7. 4 20.0 0.00 0. 0

.
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The' annual-costs are sumarized in' Tabid 4.14 and Table 4.18 for PWRs ;
and'BWRs respectively. Each of the annual . cost summaries indicate a 'g.
high cost associated with the first core followed by years of consistent
annual costs and then a net credit when the final core is discharged. In :

'Table 4.15 and 4.19, the discounted costs are shown plus the fuel cycle
costs over five-year operating intervals. j,

Single reactor fuel cycle costs are developed in current dollars
with a 6% escalation' rate.on all components starting in Table 4.20 for.

;

PWRs and Table 4.23 for BWRs. The physical fuel cycle flows are the *

'o same as we used in the previous constant dollar representations. i

.

Single reactor fuel cycle costs are also developed for the case of -[
no reprocessing and in a constant dollar format beginning with Table 4.26 j

for PWRs and Table 4.31 for BWRs. The unit costs for fuel cycle services -

O and material were held at the same levels as the other single reactor
cases so that results can be compared.
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TABLE 4.18. Projected Costs for Materials and Services ~
for 1,000 MWe BWR with Unlimited Reprocessing
(in Millions of 1977 Dollars)

YEAR. MIt4It10 UF6 ENRICHMtlT U FUEL SPENT REPRO FU ItiCR PU HGX INCR SPENT HASTE PU SALES SPENT TOTAL
MILLING C0tNR FAD FUEL TRAH TR6tl5 STORAGE FAB FUEL STOR DISPOSAL FUEL DISP

WO PU
1983 23.7 1. 20. 10. O. O. O.00 0.00 0. O. O. O. O. 56.
1984 0. 0 6. 0. - . O. O. O. O. 00 0.00 0. O. O. O. O. 0
1985 10.6 0. O. O. O. O. 0.00 9. 00 8. O. O. O. O. 11.
1986 18.3 1. 12. 3 1. # 0. O.00 0.00 0. O. O.- O. O. 35.
1987 12.O i. ii. 2. 1. ' 5. O. E10 8.00 0. O. O. O. O. 33.
1988 10.3 8. 7. 2. O. 5. . O. 00 0. 00 2. O. O. 0.. O. 27.
1909 12.3 0. 8. 2. O. 4. O. 00 0.00 2. O. O. O. O. 29.
1990 11.1 0. 8.- 2. O. 4. O. 00 0.00 1. I 0. O. O. O. 28.
1991 10.O O. 7. 2. O. 4. O. 00 0.00 2. ' O. O. O. O. 27.
1992 11.2 0. 7. 2. O. 4. O. 00 6.00 2.- 6. O. O. O. 27.
2993 11. 1 8. 7. 2. O. 4. O.00 0. 00 2. O. O. O. O. 27.
1994 10.6 6. 6. 2. O. 4. c. 01 8.00 2. 9. & 0. O. 26.
1995 10.~7 0. 6. 2. O. 4. O.01 8. 00 2. O. O. O. 26
1996 10.7 0. 6. 2. O. 4. a 01 0. OS 2. O. O. 264

1997 10.7 0. 6. 2. O. 4. O.01 0.00 2. e. 9 0. O. 26 ;C*

1998 11. 1 0. 6. 2. O. 4. O. Oi 0. 00 2. O. O O. O. 26 m
1999 11. 1 0, 6. 2. O. 4. O.01 0.00 2. O. O. O. O. 26. N
2000 10.7 0. 6. 2. O. 4. O. Oi 0.00 2. ' O. O. O. d 26.
2001 10.3 0. 6. 2. O. 4. O.01 0. 00 2. O. 0 0. O. 25.
2002 10.1 0. 5. 2. O. 4. O.01 0.00 2. 8. O. O. O. 24.

O. O. O. 24.2003 10.7 0. 5. 1. . O. 4. O.01 0. 00 2. O. .

O. G. O. .- 24,2004 10.4 0. 5. 1. O. 4. O.01 0. 00 2. i 0.

2005 10.0 0. 5. 1. D. 3. 0.01 0.00 2. O. O. O. O. 23.
2006 9. 6 6. 5. 1. O. 3. O.01 0. 00 2. O. O. O. O. 22.
2007 9. 8 8. 4. 1. O. 3. R Oi 0. 00- 2. O. O. O. O. 22.
2008 10.3 0. 4. 1. O. 3. O. 01 0.00 2. 0- 0. O. O. 22.
2009 10.6 0. 4. 1. O. 3. O. 01 0. 00 2. G. O. O. O. 22.
2010 10.3 0. 4. 1. O. 3. 0. 01 0.00 2. O. O. O. O. 21.
2011 10.O O. 4. 1. O. -3. O.00 6.00 2. O. O. O. O. 20.
2012 9. 7 0. 4. i. O. 3. O. 00 0. 00 2. O. O. O. O. 19.
2013 10.2 0. 3. 1. O. 3. 0. 00 0.00 2. O. O. O. O. 20.
2014 2. 2 0. 3. i. 2. 2. O.00 0.00 2. O. O. O. O. 12.
2015 -3.6 - 0. -16. O. O. 17. 0. 04 & 00 6. O. 1. O. O. -2.
TOTL 33?.6 12. 174. 59. 12. 119. O. 19 0. 00 55. O. 10. O. O. 778.

h
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TABLE 4.19. Discounted and Levelized Process Costs for 1,000 MWe BWR
with Unlimited Reprocessing

.(in Millions Of 1977 Dollars)

Discount Rate, 8%
_

YEf1ft My4 tt0 UF6 ENRICHMt1T U FUEL SPEtiT- REPRO PU ItJCR PU MOX ItJCR SPEtli HASTE PU SALES SPENT TOTRL
f1IL11t30 COtNR FAB FUEL TRAri TRhtt3 STORAGE FnB FUEL STOR DISPOSAL FUEL DISP

WO PU .1983 14.9 1. 13. 7. O. O. O. 00 0. 00 0. O. O. O. O. 35.
1984 a0 0. O. O. O. O. O. 03 0. 00 0. O. O. O. O. O. -

1985 5. 7 0. O. 8. O. O. O. 00 0. 00 0. O. O. O. O. 6
1906 9. 2 0. 6. 2. O. O. O.00 0.00 0. O. O. O. a 17. -
1987 5. 5 O. 5. i. O. 2. O. e6 0. e0 e. O. O. 8. O. 15.
1988 4. 4 8. 3. 1. O. 2. 0. 00 0.00 1. O. O. O. O. 12.
i989 4. 9 0. 3. 1. O. 1. O. 00 0. 00 1. O. O. O. O. 12.
1990 4. i 0. 3. 1. O. 2. O. 00 0. 00 1. O. O. O. O. 10..
1991 3. 7 a 2. 1. O. 1. O. 00 0. 80 1. O. O. O. O. 3
1992 3. 5 6. 2. 1. O. i 3. 00 R 00 1. O. O. O. O. 9.
1993 3. 2 0. 2. 1. O. 1. O.00 0.00 1. O. '. 8. O. 8.
1994 2. 9 0. 2. O. O. i. O. 00 0. 00 1. O. O. O. O. 7. b
1995 2. 7 0. 2. O. O. 1. O.00 0. 00 1. O. O. O. O. 6. . *

1996 2. 5 O. 1. O. O. 1. O.00 0. 00 0. - O. O. O. O. 6. U1997 2. 3 0. 1. O. O. 1. O. 00 0.00 0. O. O. O. R 6.
1998 2. 2 0. 1. O. O. 1. O.00 0.00 0. O. O. O. O. 5.
1999 2. 0 0. 1. O. 0 1. O. 00 0. 00 0. -R 0. O. O. 5.
2000 1. 8 0. 1. O. O. 1. O.00 0.00 0. O. O. O. R 4.
2001 1. 6 0. 1. O. O. 1. O. 00 0. 00 0. . O. - 0; O. R 4.
2002 1. 5 O. 1. 0. O. 1. O. 00 0. e6 8. O. O. O. O. 4.
2003 1. 4 0. 1. O. O. O. O. 00 0. 00 0. O. D. O. O. 3.
2001 1. 3 0 1. O. O. O. O. 00 0.00 0. . O. O. O. O. 3.
2005 12 0. 1. O. O. O. O. 00 0. 00 0. O. a 0. R 3.
2006 1. 0 0. O. O. O. O. O. 00 0. 00 8. e 0. O. O. O. 2.
2007 1. O O 0. O. O. O. O. 00 8.00 0. O. O. O. O. . 2.
2008 0. 9 0. O. O. O. O. O. 00 0.00 0. 0.. O. O. O. 2.
2009 0. 9 0. O. O. O. O. 0 00 0.00 0. O. O. O. O. 2.
2010 0. 0 0. O. O. O. O. O. 00 0. 00 0. O. O. O. O. 2..
2011 0. 7 0. O. O. O. O. 0. 00 0.00 ' O. O. O. O. O. i.
2012 0. 7 0. O. O. O. O. O. 00 0. 00 0. ~ 0. O. O. & 1.
2013 0. 6 0. O. O. O. O. 0.00 0.00 0. O. O. O. R 1.
2014 0.1 0. O. & 0. O. O. 00 8. 00 0. O. 0 0. O. 1.
2015 -0.2 -0. -1. O. O. 1. O. 00 0.00 0. O. O. O. a - 0.
10TL 89.2 4. 54. 18. 2. 23. O.03 0. 00 10. O. 2. O. O. 203.

Levelized Fuel Cycle Cost, Mills /kW-hr

83-87 2.980 0.145 1.297 0.685 O.116 1.161 0. 001 0. 000 0. 000 0.000 0. 096 0.000 0. 060 6.40180-92 2.031 0.090 1.495 O.414 0.064 . O.639 0. 001 0. 000 0.155 O. 000 0. 053 0.000 0.000 4.99193-97 1.789 0.066 1.107 0.308 0. 064 0.639 6.001 0.000 0.315 O.000 0. 053 0. 000 , O. 000 4.34190- 2 1.805 O. 066 1.022 0.293 0. 062 0. 618 0. 001 0.000 0.371 0. 000 8. 051 0.000 0. 000 4.2883- 7 2. Otn3 0. 066 0.993 0.290 0 061 0 604 0. 001 8. 000 0.439 0.000 8. 050 0. 000 0. 000 4.504
-

8-12 2.318 8.065 O.972 0.2e6 0.116 1.157 0.002 0. ee0 6. 479 0 000 0.036 0.000 0. 000 - 5.49213-15 3.903 0 093 1.376 0.-405 O. 000 0. 000 0. 000 0.000 8.714 6. 000 0. 000 0.000 a 000- 6.496
+ " ~, . .
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TABLE 4.20. Projected Unit Costs for 1,000 MWe PWR with Unlimited' Reprocessing
(in Million of Current Dollars with 6% Annual Escalation)

YEAR U308 .U SEP MORK U FAB SPENT REPRO PU INCR PU N0% INCR SPENT HASTE PU VALUE SPENT'

'R5 80RNED CONYR FUEL TRAN TRAH STORAQE FAB FUEL STOR DISPOSAL FUEL DISP
1/LB t/KO-U $/5HU t/KO-U $/KO-HN $/KO-HN */O-TOT- t/O-TOT t/KO-ft1 $/KO-HM-YR t/KO-Htt $/0 FISS .t/KO-HH

W/O PU
ESCR 6. OM 6. 0% 6. 0% 6. 0% 6. 0% 6.' 0% 1 6. 0% 6. 0% 6. 0% 6. 0% 6. 0% - & 0%
1983 59.6 6. 5 127.7 130.2 21.3 212:8- O.03 0. 00 49& 5 10.5 28.4 0. 00. 134. 8 -
1984 63.2 6. 9 139.8 .136.8 22.6 225. 5 - O. 03 0. 00 526.3 11.1 30.1 ~ 0. 00 142,8

1985 66.9 7. 3 -151.4 '144.2 23.9 239.11 0.03 0. 00- 55 7. 8 11.8 31. 9 0.00 - 151.4
1986 71. 0 7. 8 165.6 151.9 25.3 253.4 0.03 0.00 591.3 12.5 33.8 0. 00 160.5
1987 75.2 8. 2 179.1 159.4 26.9 . 268.6 & 04 - O. 00 62d 8 13.3 35.8 0.00 170.1
1988 79. 7 8. 7 189.8 16& O 28.5 * 284.7 0. 04 0.00' 664.4 14. 0 3 8. 0 ' O.00 180.3
1909 '89.9 9. 3 201.2 i?7.1 30.2 301.8 0 04 0. 00 .704.3 14.9 40.2 0.00 191.2-
1990 95. 3 .. 98 21 3. 3 186.4 32.0 319.9 0.04 6. 00 746.5 15.8 42.7 0. 00 202.6
1991 101.1 10.4 226.1 19d 7 33, 9 339.1 0. 05 O.00 791.3 16. 7 45.2 6. 00 214.8
1992 107.i 11.0 239.7 206.1 35.9 359. 5- O.05 & 00 838,8 17.47 47.9 R 00 227.7
1993 113.6 11. 7 241.3 217.2 38.1- 381. 1 0. 05 0.00 889.1 18.8 50.8 0. 00 241.3
1994. 120.4 12.4 253.1 22R 9 40.4 403.9 0. 05 O. 00 942.5 19.9 53.9 0.00 255.8

'

1995 127.6 13.1 265.5 240.9 42.8 42R 2 0.06 . O. 00 999.0 21. 1 57.1 0.00 271.2
1996 135.2 13.9 278.4 253.8 45.4 453.8 0. 06 8.60 1059.0 22.4 60.5 O.00 287.4
1997 143 4 14.8 291.8 266.8 48.i 481.1 0. 06 0. 00 1122.5 23.7 64.1 0.00 304.7
1998 15?.1 15. 6 309.4 281.5 51.0 509.9. O.07 a 00 1189.8 25.2 6.& O 0.00 323.0 .t:=

1999 1E6. 5 16.6 324.3 295.5 54. 1 540.5 O.07 0.00 1261.2 2& 7 72. 1 8. 00 342.3- *

2000 176.5 17.6 340. 0 311.3 57.3 5?3.0 8. 08 0. 00 1336.9 2& 3 76.4 0. 00 362.9 .$.
2001 187.1 ia 6 356.3 328 0 60.7 607.3 0.08 8.00 1417.1 ~ 30. 0 81.0 0. 00 384.6
2002 201. 3 19.7 373.4 346.4 64.4 643.8: O.09 8. 00 1502.2 31.8 85. 8 0.00 407.7

'

2003 234.7 20.9 391.2 364.9 68. 2 682.4 0.09 0.00 1592.3 33.7 91.0 - O. 00 432.2
2004 - 248 8 22.2 414.7. 186.8 72.3 723.4 0.10 0.00 ' 1687.8 35.7 96.4 0. 00 458.1
2005 263.8 23.5 439.6 410. 0 ' 76.7 766.8 0.10. O.00 1789.1 27. 8 102.2 0.00 485.6
2006 279.6 24.9 466.0 434.6 81.3 812.8 8.11- a 00 189& 4 40.1 108.4 0.00 514.7
200? 312.4 2& 4 493.9 460.6 86.2 861.5 O.11 0. 00- 2010.2 42.5 114.9 0.00 545.6
2003 264.1 28 0 523.6 48a 3 91.3 913.2 0.12 0. 00 '2130.8 45.i 121.8 0.00 578.4
2009 419.5 29.7 555.0 517.6 1 0 2. O 968.0- O.13 0. 00 2258.7 47.8 129.1 0. 00 613.1
2010 444.6 31.5 588.3 54& 6 10& 1- 1026.i 0.14 0 00 2394.2 50.6 13& 8 0.00 649.9
2011 4 7?. 1 33.4 623.6 581.5 10& 8- 1087.? 0.15 O. 80 2537.9 53. 7 145.0 0.00 688.8
2012 509.6 35.4 661.0 616.4' 115.3 1152.9 0 15 O. 00 2690.1 56.9 153.7 0. 00 730.2
2013 593.9 37. 5 700 7 653.4 122.2 1222.1 8.16 0.00- 2851.5 60.3 162.9 0.00 774.0
2014 692.6 39.7 742.7 692.6 129.5 ~ 1295.4 8.17 0.00- 3022.6 63.9 172.7 0. 00 820.4

*

2015 807.4 42.1 787.3 734.2 137.3 1373.1 0.18 0. 00 3204.'O 67.7 183.1 0. 00 '869.7
UT

HVE. 176.2 15.4 285.9 287.i 66.5 702.4 0.10 a 00 ***** 0. 0 97.5 O.00 0. 0

.
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TABLE 4.21. Projected Costs for Materials and Services -

for.1,000 MWe PWR with Unlimited Reprocessing -

(in Millions of Current Dollars) -

YEAR: tilNINO UF6 EtlRICHMNT U FUEL * PENT REPPo PU INCR PU NOX ' ' INCR SPEtiT.- HA5TE- PU SALES SPENT- TOTAL
HILLING COtNR - FSB . FUEL TRAtt TRAtis . STORAGE FRS FUEL STOR DISPOSAL' FUEL DISP

WO Fil
1983 28.3 2. 27. 10. O. O. O. 00 - O. 00 9. O. O. e. O. 67.
1984- 24.7- O. - O. O. O. O. O. 00 0. 00 6. O. O. O.- 6. 15..

1985 30. 6 1. 18. 4.' i. O. O.OO? 0. 00 8. O. O. O. C. 54.
1986 26.4 1. 19. -

O. O. 7. O.00 0.00 0. 0.- 1. O. O. . 54.-,
1987 21. 1 1. 1?. 4. 1. O. O. 01 0. 00 0. O. O. O. O. 4 4..
1908 20.5 1. 16. 4. 1. 7. O. Oi 0. 00 3. O. 1. O. O. 52.
1989 22.7 , 1. $ 6. 3. 1. 7. O.Oi- O. 00 4. ' O. i. O. R 54.

: 1990 24. 4 - 1. 17. 3. 1. 7. O. 01 -. O.80 4. . O. 1. 0. - O. 58. ,

1991' 25.8 1. 18. 4. 1. 8. O. 01 -0. 00 4. O. 1. O.' O. 61.
- 1992 -27.0 1. 19. 4. 1. 8. O. 01- O. 00 4. : O. 1. O. & 64. .
-1993 28.3 1. 18. 4. 1. 9. 0. 01 0.00 4.. ' O. 1. O. 0.. 66.
1994 30.1 1. 19. 4. 1. 9. . O. 02 8. 00 - 6. Os 1. O. C. 71.
1995 32. 0 1. 20. 4. 1. 10. O. 02 0. 00 6. O. 1. 0- 0.. 75. -
1996 33.9 1. 21. 4. 1. 10. O. 02 ': O. 00 7. . O. 1. O. O. 79. - P
1997 35. 9 1. 22. 5. 1. ii. O.02' O. 00 7. O. 1. O. O. 84. m
1998' 39.2 1. 23. 5. 1. 11. O. 02 : O.00 7. O. i. O. O. 90. ci.

1999 40.8 1. 24. 5. 1. 12. & 02 & 00 8. O. 1. O. O. 94.
9. O. 1. - O. O. 97.2000 41.5 1. 25. 5. 1. 13. O.02 6. 80 -

2001 -42.2 2. 25. 5. 1. 14. a 03 6. 00' 9. O. 1. O. O. 99.
2002 43.9 2. 25. ' 6. 1. 14. O.83 0.00 10. 6. 1. O. O. 103.
2003~ 49.5 2. 25 6. 1. 15. O.03 0.80 10. O. i. ' O. O. ~110.
2004 50. 6- 2. 26. 6. - 1. 15. O. 03 0. 00 11. . O. " 1. '- O. 0. - 112.
2005 51.6 2. 26. 6. . 1. 15. O.03' O. 60 11. * 0. 1. O. O.~ 115.
2006 52.7 2. 27. 6. 2. 16. O. 03 0.00 12. O. 1. O. O. 118
2007, 56.7 2. 2?. 6. 2. 16. O.03 0. 00 12. O. 1. O. O. 123.
2003 6't 4 2. 28. 6. 2. 16. O.03- O.00 13. O. 1. O. O. 131.-

- 2009 70. 1 2. 28. 6. 2. 17. O.03 8. 00 13. O. i. O. 0. . 139.
2010 - 71.1 2. 29. 6. 2. 17. O. 03 0. 00 13. : 0. 1.. O. O. 142.

- 2011 72.8 2. 29. 6. 2. 18. O. 04 & 00 14. ' O. 1. a a 145.
2012 74. 0 2. 30. 7. 2. 18. R 04 6. 00 14. R 1. O. O. 147.
2013 82. 0 2. 30. 7. 2. 18. O. 04. O. 00 14. O. 2. 6. O. 156.

'

2014 29.1 1. 30. 7. 10. 18. O. 04 8. 80 15. O. 2. O. O. iii.
2015 -20. 3 -1. -105. O. O. 105. 0.29 a 80 0.- 8. 9. O. O. -12. .
TOIL 1312.4 43. 620. ~ 158. 44. 460. O.95 O. 00 243. O. 38. O. a 2920.
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i TABLE 4.23. Projected Unit Cost .for 1,000 MWe BWR with Unlimited Reprocessing
(in Millions of Current Dollars, with 6% Annual.. Escalation)

YEAR U208 U SEP HORK U FAB SPENT REPRO PU INCR PU NOX INCR SPEtiT WASTE PU VALUE SPENT-~

RS EURNED C0tNR FUEL TRAN TRRN STORROE FAB ~ FUEL STOR DISPO5AL . FUEL DISP
t/LB $/KO-U - $/5HU $/KO-U TAO-H!1 $/KO-HH $/O-TOT t/O-TOT $AG-fft $/KO-HM-YR $/KO-HH $/O FISS $NO-HH

N/G PU
ESCR 6. 0% 6. 0% 6. 0% 6. 0% 6. 0% 6. 0% 6. 0% 6. 0% 6. 0% 6. 0% 6. 0% 6. 0%

134,8
1983 59.6 6. 5 127.7 130.2 21.3 212.8 8.83 0. 00 496.5 10.5 28.4 0. 60

"

1984- 63.2 6. 9 - 139.8 136.8 22.6 225.5 O. 03 - O.00 526.3 11.1 30.i 0.00 142.8
1985 66.9 7. 3 -151.4' 144.2 23.9 239.1~ 0. 03 0.00 557.8 11.8 31.9 - 0 00 '151.4

1986 71. 0 - 7. 8 165.6 151.9 25. 3 253.4 0.03 0. 00 591.3 12.5 33. 8 9. 00 160.5

198? 75.2- 8. 2 179.i 159.4 26.9 . 268.6 6. 04 8.03 626.8 13. 3 35.S 0. 00 170.i

1988 79.7 8. 7 189.8 168.0 28.5 284.7 8.04 0.00 664.4 14.0 38.0 0. 00 180.3
1989 89.9 9. 3 201.2 177.1 30.2 301.8 8.04 .O.00 704.3 14.9 40.2 8. 00 191.2

1990 95.3 9. 8 213.3 186.4 32.0 319.9 8.04 0. 60 746.5 15.8 42.7 0. 00 ' 2 0 2. 6

1991 101.1- 10.4- 226. 1- 196.7 33.9 339.1 9. 05 O. 00 791.3 16.7 45.2 0. 00 '214.8

1992 107.1 11.0 239.7 20 6. 1 35.9 359. 5 0.05 0. 00 838.8 17.7- 47.9 0.00 227.7

1993- 113.6 11. ? 241.3 217.2 38.1 381.1 8. 05 O.00 -889.1 18.:8 50.8 0.00 241.3

1994 120.4 12.4 253.1- 228.9 40.4 403.9 8.05 O. 00 942.5 19.9 53.9 :O. 00 255.8

1995 127.6 13. 1 265.5 240.9 42.8 428.2 8.06 0. 00 999.0 21.1 57.1 0.00 271.2
1996 135. 2 ' 13.9 278.4 253.8 45.4 453.8 0.06 0. 00 1059: 0 22.4 60.5 ' O. 00 ' 287.4

1997. 143.4 14.8 291.8 266.8 .48.1 481.1- O. 06 0. 00 1122.5 23. 7 64. 1 8.00 304.7
1998 157.1 15.6 309.4 281.5 5L 0 509.9 0.07 0.00 1189.8 25.2 68.0 0.'00 323.O *̂

1999 166.5 16 6 324.3 295.5 54.i 540.5 e. 07 0. 00 1261.2 26. 7 72. 1 0. 00 '342.3 ro

2000 176.5 17.6 340.0 311.3 57.3 573.O O.08 0. 00 1326.9 28. 3 76.4 0. 00 3es2. 9 N

2001 187.1 18.6 356.3 328.0 60.7 607.3 0.08 0.00 1417.i 30.0 81. 0 0. 00 384.6
2002 201.3 19.7 373.4 346.4 64.4 643.8 8. 89 0. 00 1502.2 31. 9 85. 8 0. 00 407.7

2003 - 234.7 20.9 391.2 364.9 68.2 682.4 0.09 0. 00 1592.3 33.7 91. 0 6. 00 -432.2

2004 248.8 22.2 414.7 386.8 72.3 723 4 0.10 8.00 1687.8 35. 7 96.4 0.00 458. 1
2005 263.8 23.5 439.6 410.0- 76.7 766.8 0.10 0. 00 1789.1 37. 8 102.2 R 00 485.6

2006 279.6 24.9- 466.0 434.6 81.3 812.8 8.11 0.00 1896.4 40.1 108.4 0. 00 514.7

2007. 312.4 26.4- 493.9- 460 6 86.2 861.5 O.11 0. 00 2010.2 42.5 114.9 0. 00 545.6
'

2008 364. 1 28.0 523.6 488.3 91.3 913.2 8.12 0.00 2130.8 45.1 121.8 0.00 578.4

2009 419.5 29. 7 555.0 517.6 102.O 968.0 0. 13 8. 00 2258.7 47.8 129.1 0. 00 613. 1
2010 444.6 31. 5 588.3 548.6 108. 1 1026. 1 0. 14 0. 00 2394.2 50. 6 136.8 0.00 649.9

2011 477.1 33.4 623.6 581.5 108.8 1887.7 0.15 O. 00 2537.9 53.7 145. 0 0. 00 688.6

i 2012 909. 6 35.4 661.0 616.4 115.3 1152.9 0. 15 O.00 2690,i 56.9 153.7 - & 00 730. 2
2013 593.9 37.5 700.7 653.4 122.2 1222.1 8.16 0. 00 2851.5 60. 3 .162.9 0.00 774.0

2014 692.6 39.7 ?42.7 692.6 129.5 1295.4 0.17 0. 00 3022.6 63.9 172.7 0. 00 820.4

2015 807.4' 42.1 787.3 734.2 137.3 1373.1 0.18 0.00 3' 3204.0 67.7 183.1 0.00 669.7
UT

ftVE. 178.4 15.5 271.4 283.0 67. 8 716.4 0.11 0. 00 ***** 48.9 96.9 0. 00 0. 0

- .
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TABLE 4.24. Projected Costs for Materials and Services for 1,000 MWe_BWR -

with Unlimited Reprocessing
(in Millions of Current Dollars)'

YEAR F11NING UF6 ENRIcNNNT U FUEL SPENT REPRO PU INCR PU HOX INCR SPENT 41ASTE PU SALES SPENT . TOTAL
hlLLING CONYR FAB FUEL TRAN TPfiNS - STORAGE FAB FUEL STOR DISPOSAL FUEL DISP

.WO FU
1983 33.6 2. 28. 15. O. O. O.00 0. 00 0. O. O. O. O. 79.
1984 0. 0 0. O. " 0. - O. O. O. 00 0. 00 8. O. O. 0.. : D. - 0..
1985 16.9 0. O. O.' O. O. O. 00 0. 00 0. O. O. O. O. 17.
1986 31. 0 1. 20. 5. ' 1. 0. O.00 0.00 0. 6. O. B. 0. - 58.
1987 21.4 1. 20. 6. 1. 9. O. 00 0.00 0. O. 1. O. O. 59.

| 1988 13.6 1. 13. 4. 1. ' 10. O. 01 0. 00: 3. O. . 1. O. O. 51.
1989' 24. 7 1. 16. 4. i.: 8. O. Oi ' O. 00 4. t O. i. O. O. 59.
1990 23.8 1. 16. 4. i. 9.- 8. Oi ' O. 00 - 3. O. 1. O. O. P.
1991 24.4 1. 16. 4. i. 9. . G. Oi 0. OO ' 4. . O. 1. O. O. ,

- 1992 26.7 1. 17. 5. 1.- 9. O. Oi 0. 80 4. ! 0. 1. O. O. s65.
1993 28.2 1. 18. 5.- 1. - 10. 6. 01 0.80 4. ! 0. i. O. O. 68 ~
1994 28.6 1. 17. 5, 1. ii. O. 02 8. OO - . 6. O. 1. O. O. 70.
1995 30 4 1. 18. 5. 1. 11. G. 82 8. 00 6. O. 1. O. O. 74.
1996 32. 5 1. 19. 5. i. - 12. O. 02 0 00 7. O. 1. O. O. ' 79.
1997 - 34.2 1. 20. 6. 1. 13. G. 02 0. 60 ~ 7. 0; . 1. O. O. : 83. ,A
1998 37.8 1. 21. 6. 1. 13. O. 02 i 0. 00 8. O. 1. O. O. 89. m
2999 40.0 1. 22. 6. 1. 14. O. 924 0.00 8. O. 1. O. O. 95. c)
2000 40.9 1. - 23. 7. 1. 15. O. 02- O.00 9. O. 1. O. O. 98.
2001 41.6 1. 23. 7. 2. 16. O.03 0. 00 10. O. 1. O. - 0. - 101.
2002. 43.2 2. 23. 7. 2. 16. O.83 0.00 10. O. 1. O. O. 104.
2003 48.7 2. 23. 7. 2. 17. O. 03 0.00 10. O. 1. R 0. iii.
2004 50 1 2. 24. 7. 2. 17. 0.03 0,00 11. ' O. 1. O. O. 114.

' O. 1. O. O. 116.i 2003 51.2 2. 24. 7. 2 18. 0.03 0.00 11. '

2006 52.1 2. 25. 7.' 2. 18. O.03 0.00 12. O. 2. O. O. 119.
200? 56. 0 2. 25. 7. 2. 19. . O.03 0.00 12. O. 2. O. O. 124.
2000 62.0 2. 26. 7.- 2. 19. O.03 8.00 13. O. 2. O. O. 133.
2009 69.4 ' 2. 26. 8. 2. 20. O. 03 0.00 13. ' O. 2. O. O. 141.
2010 70. 6 2. 26. 8. 2. 20. O.04 0. 00 13. O. 2. O. O. 143.
2011 72.7 2. 27. 8. 2. 20. O. 04 .O. 00 14. ' O. 2, O. O. 147.
2012 74. 3 2. 27. 8. 2. 21. O.04 0. 00 14. * 0. 2. O. O. 150.
2013 82.7 2. 27. 8. 2. 21. O. 04 0. 00 14. O. 2. O. G. 15A
2014 19 0 1. 28. 8. 14. 21. 0. 04 0.00 15. O. 2. O. O. 108.

' 2015 -32.0 -1. -147. O. O. 152. 0.37 0 00 0. O. 13. O. O. -16
TOIL 1256.2 41. 509. 196. 54. 567. 1.02 0. e0 245. O. 47. e. O. 2916.
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TABLE 4.26. Process Flows for 1,000 MWe PWR with No Reprocessing
,

*

5

i

:
'WfC HINItiG ttr6 Et4RICHMt4T U F UEl_ SPENT ' REPROCESS PU ltiCR PU H0X lt4CR SPEtiT HRSTE PU SALES SPEtiT . TAILS5

Hit l.ING CotiVR 1000 FttB FUEL TRHN - 1PRN5 STORAGE FAB FUEL STOR DI5P05f1L KG FI55 FUEL DISP COMP '

1000 ST 1000 H10 NT-5ttu MTU HT-HH t1T-HH KG-TOT KO-TOT- HT-HH ~HI-HH HT-HH HT4tM %=

WJ PU'
1903 0. 24 0.27 6. 21 79. O. O. O. O. O. R ' O. a 0. - 0."250

~ 190-1 0.12 a at. O.00 8. O. R 0. - . O.- & & 0.- O. a 0.250
! *1oOS e 23- a 1e - O. 12 - 27. O. O. O. - a 0. a 0. O. . a- -0.250
I -1906. O. 22 0.17 a 11 & O. O. O. O. ' R. 26. O. O. R 0.250
i- 1907 -- & 20 a 16 0.11 27. O. O. O. O. O. 26. &| d O. O.250:

l'OO O.20 6.15 O.10 25. a 0.. O. O. O. 52. O. O. : O. R 250'
,

19ff3 0. 20 0-15 O.10 24. O. O. R 0.. O. 75. O. O. - O. O.250-
' -1990 -. a 20 - O.15 O.10 24. O. R . O. O O. 98. R .& O. - R 250

,

1991 a 20 a 15 0 10 24.. 26. O. O. O. O.. 94. O. R 26. R 250
:1992 0 20 a 15 a 10 24. O. O. R & 0. 116.. ' O. a d- R 250-
1993 0. 20 0. 15 O. 10 24. 26. d O. O. O. 113. & 0. 26.- O.250-,

-1931 0. 20 0 15 O.10 24. 24. O. O. 6. 6. 112. R & 24. R 250.

, ,, 1996 a 20 8.15 O.10 ' 24. 22 8.-
. & 0. R' 112. O. a 22. - R 25019 % 0.20 0.15 O.10' 24. 22. O.

- O. : O.- O. 112. O. O. 22. O.250
199? 0 20 & 15 O.10 24. 22. R 0. O. O.- 112.. &- O. 22. a 250-*

1990 0. 20 0.15 O. 10 24. 22 .& 0. 0 0. 112. .R 0. ; 22. ' O.250
- 1999 0 20 0 15 O. 10 24. 22. & O. -O. a 112. O.- a 21 0.250 A

i 2000 6.19 0. 15 O.10 24. 22. O. O. O. R 112.- O. . O. ' 22_ 0. 250 - *y
1 ?fitit tt 19 0.14 0. is 23. 22. O. R 0. .0 112. O. R 22. E~250 -o'' |

20:12 010 R 14 0.09 23. 22. & R R .R 111. O & 21 & 250
t 2110 3 0.17 0. 13 a 09 22. 22. O. - O. O. O. iid O. d 22c 6.250
*

2004 0.1? 0. 13 a 09 21. 22. O. O. . O. 6. 109. 0. - O. 22. - - O. 250
2 h15 O.16 0 13 a 08 21. 22. O.- O. O. O. .106. 0 0. 22. - 0 250
2006 0.16 0.12 0. 08 20. 22 0. R 0. O. 103, & & 22. 1& 250

4 2007 8.15 a 12 8. 00 19. . 22. O. 8. O. O. 10d 0- O. 22. ~ a 250 +

'2000 3.15 O. 11 0. OS 19. 21.- O. & O 0. 9?. & R - 21. O.250
2009 0 14 . O. 11 ft. 07 18. 21. 8. & O. O. 94. :a 0. 21. O.250
2010 0 13 a 10 0.07 17. 2R . O. 8. O. O. 9a a d 2R 0. 250

1 - .2011 0.13 0.10 6.07 16. 19. O. R 0. O. 87. O. O. 19. O. 250
2012 4 12 O 10 0.06 - 16. 19. & O. R O. 84. O. O. 19. a 250,

-2013 0. 12 O. 09 0. 06 15. 18. a 0.- R 0. ' 81. O. O. 18. O.2501

2014 0. 06 0.07 0. 06 14. 17. 6. 8. R 0. 78 0. O. 17. O.250
+ 2015 O. 00 0 00 8.00 e. 17. O. a - O. O. 137. O. R ' 17. - O.250'
{ 101L 5.59 4 39 2.92 707. 518. 0 ' O. O. O. 2881. R & 518.
-
1
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: TABLE 4.27. Projected Unit Cost for 1,000 MWe PWR with
No Reprocessing

- (in Millions Of 1977 Dollars),

4.
1-

YEfiR U308 U SEP HORK U FftB SPENT REPRO PU INCR PU HOX ~INCR SPENT HASTE PU VALUE SCENT

f)S BURR 1ED COtNR FUEL TRAN TRAN STORAGE. Ffe FUEL STOR DISP 05AL FUEL DISP
t/LB $/KO-U $/SHU $No-U $No-HM $AO-HH t/O-TOT $/G-TOT $AO-HM $AO-HH-YR $AO HH $/O FISS ' t AG-HH -

H/0 PU q

ESCR 0. 0% a 0% a 0% 0. 0% 0. 0% -O.0% R 0% & 0% 0 0% 0. 0% & 0% & 0%
-

*

1983 42.0 4. 6 90. 0 91.8 15. 0 150 0 0.02 0 00 350. 0 5. 8 20.O d OO 95 0
j. ~ 1984 42.0' 4. 6 93.0 91. 0 15. 0 150. O 8.02 & Es0 350.0- 5. 8 ' 20. O a 00 -95.0' i

i ia85 42.0' 4. 6 91 0 90. 5 15. 0 150.O 8. 02 a 00 35a 0 5. 8 2R 0 0. 00 35.0
1986 42. 0 4. 6 98. 0 89.9 15.0 150 0 & O2 & 00 35d 0 5. 8 2d 0 0. 00 . 95.0-

'1987 42.0 4. 6 100. 0 89. 0 15. 0 150. 0 8.02- 0 00 35a 0 5. 8 20.0 0.00 95.0
1988 42.0 4. 6 10a 0 88.5 15 0 150.O & O2 6.00 35R 0 5. 8 20.0 0.00 95.0
1989 44.7 4. 6 100. 0 88 0 11 0 150.0 8.02 R 00 350. 0 5. 8 ' 20.O. R 00 95 0 ~
1990 44.7 4. 6 100. 0 87.4 15.O- 150 0 0. 02 8. 00 350 0 5. 8 2d 0 ' O.00 91 0
1991- 44.7 4. 6 100.O 8?. 0 15. 0 15d 0 0.02 6. 00 350.0 : 5. 8 - 20 0 6.00 91 0

4

1992 44.7 4. 6 100. 0 86. O- 15.0 150.0 & 02 0.00 35a 0 5. 8 20.0 0.00 95 0
. 1993 46,2 4. 6 95. O 81 5 15.O iSR 0 & 02 0. 00 35a 0 5. 8 20 0 R 00 91 0

1994. 46.2 4. 6 - 94. 0 85. 0 15 0 iSR 0 ' & 02 & 00 350. 0 5. 8 20 0 0.00 95 0
1995 46.2 4. 6 ~ 93. 0 84.4 15 0 150 0 0.02 0.00 35R 0 5. 8 20.0 0. 00 91 0
1996 46.2 4. 6 92. 0 83.9 15. 0 15R 0 9.02 8. 00 350.O 18 20. O O.00 95 0
1997 46.9 4. 6 9L 0 83.2 15 0 15d 0 R 62 0.00 35d 0 i8 20. O d 00 95 0

3
r.

1998 51.6 4. 6 91. 0 82.8 15 0 150 0 0.02 6.00 350.0 5. 8 20 0 . R 00 95 0 w
"

1999 53.6 4. 6 90. 0 82. 0 15 0- 150 0 & 02 0. 00 350 0 18 20. 0 8. 00 .95 0
4

2000 59 0 4. 6 89. 0 -81.5 15. 0 150,0 'O.02 0. 00 350.O 5. 8 2a 0 0. 00 95 0
2001 59.0 4. 6 88. O 81.0 15.0 150. O 8. 02 0 00 350.0 5. 8 20.0 & 00 95 0
2002 f.0. 2 4. 6 87. O 80.7 15 0 15d 0 - O.82 & 00 35R 0 18 , 2d 0 R 00 95 0: '

'

< 2003 66 3 4. 6 86 0 80.2 15.0 150 0 a 02 .O. 00 35d 0 18 20 0 0. 00 91 0
1 2004 72.9 4. 6 8& O 8d 2 11 0- 150. 0 0 02 0. 00 -350 0 5. 8 20.0 0. 00 95 0
1 2005 80. 2 4. 6 86. 0 8d 2 15.0 150. 0 . & O2 ' O. 00 35d 0 i8 2d 0 0. 00 95 0 *

2006 88 2 4. 6 es. 0 ea 2 15. 0 15e. e a 02 a Oe . 35a 0 18 20 0 a 00 95. 0'

.200? _ 88. 2 4. 6 86 0 80. 2 15. 0 : 15d 0 & 02 0. 00 350.0 58 20.0 0. 00 95 0

.2008 91.4 4. 6 - 8& O '80. 2 15. 0 15d 0 ' O.02 0.00 - 35R 0 5. 8 20. 0 0.00 95 0
2009 91.4 4. 6 86. 0 SR 2 15.0 150. 0 . & 02 a 00 35d 0 58 20 0 0 00. 95.0
2010 91.4 4. 6 86 0 - e0. 2 15. 0 150.0 0 02 0 00 350. 0 5. 8 20.0 0. 00 95 0 -
2011 91.4 4. 6 86. 0 80.2 15.O iSR 0 & 02 6.00 35d 0 5. 8 20 0 R 00 95 0,

j 2012 91.4 4. 6 86.0 80 2 15.0 15& O 0. 02 6.00 350.0 5. 8 20. 0 0. 00 35. 0'
i 2013 9L 4 4. 6 8& O 80.2 15.0 150. O O.02 8. OO 35d O 5. 8 2d 0 R 00 15 0

2014 91.4 4. 6 86. 0 80. 2 11 0 150. 0 0.02. O. 80 35a 0 5. 8 20. 0 9. Or.s 5i 0
2015 91.4 4. 6 86. 0 80. 2 15. 0 150. 0 8.82 0.00 35d 0 5. 8 2R 0 0. 00 90.0

.' UT
ftYE. 58.4 46 91.7 84. 4 15. 0 &O R 00 R 00 aO i0 0. 0 & 00 95 0

. t
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TABLE 4.28. Projected Costs for Materials and Services
for 1,000 MWe PWR with No Reprocessing'

(in Millions of 1977 Dollars)

YfttR MItJING UF6 EttRICittNT U FUEL SPEtn fiPRO PU ltER PU NRM - ItKR SPEtiT ilA51E FC SfiLES SFEHf 101 AL'
NILLIt40 CotNR FftB FUEL 1RAtt TRitNS STORAGE FAB FUEL-STOR 'DISPO5AL FUEL DISP.

' W O Fil
1M3 - 19.9 1. 19. 7. O. ' R. O. 00 0.60 e d . O. O d- 47.
1984 - 9. 7 0. O. 8. O. O. 0 00 0 00 0.- O. 0. - 0' O. .in
1985 19.2 1, ii. 2. O. O. a 00 0. 00 ~ 0. 0.: - O. O. O- ' 34.
1906 1& 2 ' i. 11. O. O. 0 0 00- - G 00 0. R 0. 0.- . 2. 32.1-
1987 17.i 1. ii. 2. O.- O. O. OG - & 00 9. ~ 0. - 0. O. 0 31..
1988 if-6 1. 10. 2. 0.. O O. 00 0 00 0 &- R- O. 2.- 31.^
1909 17.7 1. 1R 2. 0 0. O.00- a 00 0. R 0.- O. 1.- . 32.
19M 17. 7. . 1. 10. 2. 0 0. O. 00 0.00 0 1. O. 0.. 1. 32. .

.1992 17.7 1. 10. 2. O. O. -'
O C10 0. 00 9. 1. _0 e 1. 33. -1991 17. 7 1. 10. 2. O. O.
O. 00 0 00 - O. 1. 'd G. 1. 32.

1993 18 3 1. 10. 2. O. O a OO 0. 00 O. 1. O. R ' 1. 33.
1994 1R 3 1. 9. 2. - 0. O. 0. 00 - 0.00 0. 1. 0 0 1.- _ 33. -+

1995 18.3 1. 9. 2. O. O. O. 00 0. 00 0. 1. R 0. 1. 33.
1996 id 3 1. 9. 2. O. O. ' O. OO & 00 6. 1. O. 0 1. 32.
1997 18 6 1. 9. 2. O.' O. O.00 0. 00 6. 1c 0.- R 1, . -33J *',

.
1998 -26 4 1. 9. 2. O. O. O. 90 R 00 0 1. d O. 1; 34, w
1999 21. 0 1. 9. 2. 0 . O. O. 00 0. 00 0. - 1. O. O 1. - 35. to'

2000- 22. 5 1. 9. 2. & O.. 0 00 O. 00 O. 1. O. O. 1. 36. .
4 2001 21.8 1. 8. 2. O. O. O. 00 . 0.00 8. 1. a a 1. 35.

2002 21.6 1. 8. 2. O. 0 0 00 8. 00 0. 1. O. O. 1. 34.
2003 23.0 1. B 2. 0 0. O. 90 . a 00 0. 1. O. O. 1. - 35 .*

2004 24.5 1. 7. 2. O. & R 00 6. 80- O. 1, O. 0 ' i. ' 36..
; 2005 26.1 1. 7. 2. 0 ' 0 0.80 0.00 0 1. R & i. . ' 38.

2006 27.7 1. 7. 2. O. O. 8.80 0.00 0 1. ~ 0. O. 1- 39-
,

2007 26.7 1 7. 2. O & 0.80- O.00 0 1. O. O. 1. - 37.
2008 26.6 1. 6. 1. 6. O. O. 60 8. 00 0. 1. O. O.- ic 37. ;

1. O. O. O. 00- O.00 0. i. O. O. 1. 36.2009 29. 6 0. 6.
-- . 1, O. O O.00' O. 00- O. 1. O. 0 1. - 34.2010 24.5 O. 6.,

2011 23. 5 O. 6. 1. O. O. O.00 - O. 00 0.- 1. O. R 1. 33.
; 2012 22.5 O. 5. 1. O. O. & 00 0.00 0 0 R 0. 1. 31. -
; 2013 21.4 0. - 5. 1. O.. O. O. 00 - O.00 0. O O. O. - 1. 30

2014 10.5 0- 5. 1. O. O a OO 0.00 6. O. - O. O. 1. 18"

2015 O. 0 . O. 0 0 0. O. -O. 90 0.00 0. 1. 0 0. 5. 6.
TOTL 653. 0 20 26R 60 8 0. O. 00 0. 00 0. 17. 0 ' O. ' 39. 1064.p

i

a

i

T
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TABLE 4.29. Discounted and Levelized Process Costs for 1,000 MWe PWR with No Reprocessing
(in Millions of 1977 Dollars)

Discount Rate, 8%

YEOR MIrilt40 Ur6 "" mot tfiti f U FtfLL El'Etif Fff PO IU ItK.R fil NOX INCR SPEt4T l!051E FU SALES Sitt4T T010L
MILLIt10 C0fJYR FFtB f Ut L IPftfl 1Ffir45 STOPttGE FliB FUEL STte DISPOSAL FUEL DISP

WO FU
1903 12.6 1. 12. 5 O. 0 0 00 0 00 0. O. O. 0 ,0. 30
1984 57 0. O. 0 0 0. O. 00 8. 00 0. O. O. 0 0. 6.
1985 10.4 0. 6. 1. 0 0 0. 00 0.00 0. O. 0 0. O. ' 18.
1986 9i O 6 O. O. 0 6.60 6. 00 6. O. O. 0 1. 16.
1987 7. 9 0. S. 1. 0 0. O. 00 0, 00 0. O. O. 0 0. 14.
1988 7. 1 0. 4. 1. 0 0. O. 00 0 00 0. O. O. 0 1. 11
1989 7. O O 4. 1. O. 0 0. 00 0.00 0. 6. 6. O. 1. 13.
1990 6. 5 O. 4. 1. O. O. O. 00 6. 00 6. O. 0 0 0. 12.
1991 6. 0 0. 3. 1. O. O. O. 00 0. 00 0. O. 0 0. O. 11.
1992 -56 0 3. 1. O. O. O. 00 0. 00 0. 0 0. O. 0 10
1993 53 0. 3. 1. 0 0 0.00 0. 00 0. O. O. O. O. 10
1994 4. 9 6. 3. 1. 0 0 0. 00 0. 00 0. 6. O. O. O. 9.
1995 4. 6 6. 2. 1. 0 0. O.60 0. 00 6. O. O. O. 6. 8.
1996 4. 2 0. 2. O. O. 0 0. 00 0. 00 0. 0 0 6. O. 8. A
1997 40 0 2. O. 0 0. O. 00 6. 00 0. 6. O. O. O. 7, *

1998 41 0. 2. O O. 0 0. 00 0. 00 0 0. O. O. O. 7. d
1999 3. 9 0. 2. 0 0 0 0. 00 0. 00 0 0. O. 0 0 6.
2000 3. 0 0. 1. O. O O. O 00 0 00 0 6. 0 0. O. 6.
2001 3. 4 0. 1. O. O. O. O. 00 0.00 6. O O. 0 0. 6.
2ft02 3. 2 0 1. 0 0 0. O. 00 6. 00 6. 6. O. O. O. 5
2003 3. 1 0. 1. 6. O. 0 0. 00 0. 00 0. O. 0 0. O. 5
2001 3. 1 0. 1. O. 0 0. O 00 0. 00 0 6. 0 6. O. 5.
2005 3. O O. 1. 0 0 0 0. 00 0. 00 0 0. O. O. O. 4.
2006 3. 0 0 1. 0.. O O. O. 00 0.00 0. 0 0. O. 0- 4,
2007 2. 7 0 1. O. O. O. O.00 'O. 00 0. O. 0 0. O. 4.
2003 2. 4 0 1. O. O. O. O. 00 0.00 0. O. O. O 6. ' 3.
2009 2. 2 0. 1. O. O. O. O. 00 0.00 0. O. O. O. O. 3.
2010 1. 9 6. O. 0 0 0. 0 00 0. 00 6. O. O. O. O. 3.
2011 1. 7 0 0 0. O. O. O. 00 0.00 0 6. O. O. O. 2.
2012 1. 5 O. O. O. O. O. 0. 00 0.00 0. O. 0 6. O. 2.
2013 1. 3 0 0 0. 0 0. O. 00 0.00 6. O. 0 6. 0 2
2014 06 0. O. O. O. O O. 00 0. 00 0. O. O. O. O. 1.
?015 O. 0 0 0 0 0. O. 0 00 0. 00 6. O. O. 0 0 0.
101L 14'i 9 5. 73. 17. 1. 0 0 00 0 010 0. 3. 0- O. O. 253.

Levelized fuel Cycle Cr.t, Mills /LW-hr

~

03-07 3.052 0.170 1.862 0 610 0.000 0 000 0. 000 0 000 0 000 0.100 0.000 0.000 6.374 6.167
03-92 2.909 0.118 1.695 O.277 0. 035 O. 000 0 000 0 000 0 000 0.103 0. 000 0. 000 0 215 5 352
93-97 2.918 0 114 1.G78 0 332 0 055 0 000 0 000 0 000 0 000 0 106 9. 000 0. 000 0.215 5 310
90- 2- 3. I'*6 0.116 1. 9 16 0. 328 0.056 0. 000 6. 000 0.000 0. 600 0.106 0. 000 0.000 0.209 5 517
3- 7 4.337 0.119 1.492 0.340 u.063 6. 000 0 000 0 000 0. 000 0 108 0.000' O.000 0 205 6. E.64
8-12 6 114 0 120 1.196 u.244 6.065 O. 600 0 000 0 000 O. t=00 0 12i 0.000 0.000 0 349 8 f.11
13-15 9107-0I72 2.139 0.195 0 035 0 000 0 000 0 000 0 000 0. 000 0.000 0 000 0 000 12.029

- ,

-- _-_.c -

_ . _ _ .
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TABLE 4.30. Proces. .ows for 1,000 MWe BWR with No Reprocessing -

M

Yitdi t11HitiG 'UF6 " ENRIOttirJT U FUEL SPENT REPROCE55 PU- INCR PU MOX INCR SPENT WtSTE - FU c41LES SPENT- --1 TAILS..

tilt _L Itto U #.t 1000 FOB FUEL TRAN 1RAHS - STORAGE FAB FUEL STOR. DISPOV1L KO FI5S.~ FUEL DIiP CohPE
1000 ST 1000 MTU MT-5tlU MTU HT-HN HT-HN KO-TOT KG-TOT - HT-HN HT4iN NT-HN MT-ItH | %-

WO PU
1903 0.28 0.'33 0.22. 114. G. 0.~ 0. O. - O. 0. . 0.- ! 0.' - O. O.250
i1904 0 00 8. 00 0. 00 6. O. O. O. 0 8. Of ~0. O. O. O.250 ,

1985 O.13' O. 05 O.00 8.. O. ' O. O. O.- & 0. O. O. ' O. O.250'

~133? O 16
~ 8.17 6.12 36. O. O. O. O. 0. - O. - O. O. O. O.2501906 R 20
& 12 0 03 ' 35. O. O.. O. O. O. 35.- O. 6. ~ 0. O.250

O.2501400- O.19 - 6.15 O. 09 26 0. O 8. O. O. 68. & . O. . O, '

'.O. 250 :1999 O. 20 0.16 0 10 30. O. O. 0 0 9. - 93. O. - O.' &
1990 0 19 0.15 O. 09- 28. 0 0. O. O. O. 122. O. O. O. - R 250

"1991 0. 19 ' a 15 O.09 28. & O. G. O. O. 148. - 0. ' - O. O.- 0. 250 e
1992- O 19 ' O.15 O. 09- 28. 35. - O. O 6. G. 139.- O.- ' O. 35. a 250-
1993 a 19 O 15 O. 09 28. 33. O. O. O. ' O. 132. R 0. 33. ~ .'R 2501 ,

1999 0. t 9 - O.15 O. 09 28. 28. OE 8. 'Om O.' 131. O. O. ~ 28.
~ O. 250 ~1994 0 19 0. 15 O. 09 28. 25. O. O. O. & 133. 0 & . 25.
0.250'

1996 0 19 - O.15 O.09 28. 26. O. ' O. 0- O. 131.- O. O. 26. - a 250,

199 ? . ' O.19 R 15 O.09 28. 26. O. - 6. O.. O 131.. O.. O. 26. O.250
-'1990 0 19 0.15 O. 09 2& 26. O. & ' 0. O. 131. O. O. 26. ' O.250--

Peno 0 19 a 15 O 09 28. 26. O. a 0. O. - 131. - O. O. 2&- - O.250 419v> 0.19 0.15 O. 09 28. 26 - 6. & O. & -131 O.- R 26.~ - :

O.250' *

2001- 0 18 0. 14 0. 09 27. 26. O. O. O. O. 131. O. O. 26. . O.250 $
2:Ys2 0 18 0 14 0 09 26. 2d --8. O. & & 13d &. -& 26- - 0 250.

20tt t O 17 0. 13 0. 08 24. - 26. O. E' O.
. O. 12& G. R 2d . O.2502003 6.t7- 0 13 0. 08 25. - 26. 0 & 0.
9. 12d O. O. 2&' O.250

2sw5 - 0 16 & 13 6. 80 24. 26 0. - & 0- 8. 123. O. O. 26. - - O.250
2006 6.16 0 12 0.67 23. 26- O. O. 0 O. 119. O. ~ 0. 2& & 250

- 2tMO 0.15 0 11 0. O? 21. 25
~ O. R. O 8. 116. d O. 25 O.2502007 6.15 O.12' O. 0? 22. 25.
d & 0; 0. 112. -O. O. 25. O.250

2009 0 14 0. 11 00? 2d 24. O. -& O. O. 10& 0. O. . 24. - O.250
2010' O.13 . & 10 0.06 20. 23. O.. & O. O. 104. & R 23. a 250
2011 6.13 0.10 6.06 19. 22. O. O. O. O. 101. O. O. '22. - 0.~ 250 -
Wt12 d 12 - 0.10 0 06 18. 22. O. & ~ O- 0 97. 0 0. - 22. d 250
2ft13 'O.12 - O. 09 0. 06 17. 21. O.' O.. 0. O. 93. O. O. . 21. a 250

^ 2014 0. 06 0. OP O. 05- 17. 20. - 0 & a 0. 9d R & 20. a 250--

Msi5 d 00 0. 00 .O. 80 - 0 19. O. O. O. O. 181. 0- O. 19. 0 250-
a10IL 5 29 4.18 2.54 848. 610 0. O. 0.. O 2411. O. & 610.
i .

,
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- TABLE:4.31. Projected' Unit.' ost for 1,000 MWe BWR with No ReprocessingC.

(in Millions of 1977 Dollars) ;

i .

INCR PU NOX INCR SPtNT HASTE PU VALUE7 SPENT-YEfiR U308 U- 'SEP HOPX U FAB' SPENT PEPF2
PU . . STOFMOE FAB FUEL STOR ' DISPOSAL. FUEL DISPRS 80RNED C0tNR . FUEL TRAN- 1 PAN

d f/LD- t/KG-U~ $/5HU- 't/KG-U t/KG-lM t/KG-HM -t/G-TOT t/G-TOT 't/KG-tM t/KG-HM-YR t/KG-tM - t/G FISS <t/KG-tM
=

' H/0 PU.
-

ESCR 0. 0% 0.0%'~
.

R 0% . O. 0% 0 0% 0. 0% 0. 0% - .R 0% ~ R 0*f 0 0%- 00% - 0 0% --

i 1983 42. 0 4. 6 90. 0 91.8 11 0 150. O O.02- 0 00 ' 35d O 5. 8 - 20.0 0. 00 91 0-
-1984 42.0 4. 6 93.0 ' -91.0 15.0 -150 O 9. 02 0.00 -350.0 5. 8 - 20. 0 0.00 95.'O4

L1985 42.0 ' 4. 6 . 95. 0 90. 5 ~ 15. 0 15d 0 - O.82 R 00 - 35& 0 5. 8 2R 0 R 00 '91 0 !-

1986 42.0 4. 6 9& O 89.9 15. 0 150. O - O. 02 & 00 350.0 5. 8 20. 0 0. 00 95 0
1987- 42.0 4. 6 100.0 89. 0 11 0 150.O ~ 0. 02 0 00 350.O 5'8 20. 0 R 00 ' 95. O n
1988 42.0 4. 6 10a 0 - 88. 5 15.O 150. 0 - O. 02 0. 00 350. 0 - 5. 8 - 20. 0. R 00 -95.0 -

1989 44.7- 4. 6 - 100 0 8R 0 15_0 150. 0 0. 02 6.00 35a 0 . 5. 8 20.0 - O.00- 95. 0
1990 .44.7 4. 6 10a 0 87.4 15.0 15a O . & 02 - O. 60 350.0 58 20. 0 0 00 -91 0

.1991 44.7 4. 6 - 130 0 87.O 15.0 150 0 0.02 a 60 350 0- 58- 2d0 8. 00 95. 0
1992- 44.7 4. 6 100. 0 86. 0 15. 0 150.0 0.02 R 00 - - 35R 0 - 5. 8 20. 0 0. 00 95. 0
1993 46.2 4. 6 91 0 85.5 15.O 150. 0 8.02 O. 00 350.O i8 20. 0 ' -O. 00 95. 0
:1994 46.2 4. 6 94.0- 81 0 15.0 .15a 0 ' R O2 a OO 35& O 5. 8 - 20. 0 R Ct0 '91 0
1995- 46.2 4. 6 93. O 84.4 15 0- - 15d 0 _ 0.02 . O. 00 35R 0 5. 8 20. 0 & 00 95. 0,

1996- 46.2 4. 6 92.0 83.9 15.O ISO.0 O.02- .O. 60 350. O 5. 8 2R 0 0. 00 -91 0-
1997 46.9 4. 6 91. 0 83.2 15 0 -150. 0 8.02 6.00 350. O . 5.8- 20.0 & 00 '91 0-
1998 51. 6 - 4. 6 91.0 82.8 15.0 150. O O. 02 '- . R 00 35d 0 5. 8 20.0 0. 00 - .91 0 >;
1999 .53. 6 4. 6 90. 0 82. O 15.0 150 0 8.02 R 00 . 35R 0 5. 8 2d 0 ' & 00 - 910 ~ *

2000 59. 0 4. 6 89. 0 81.5- 15.0 15R 0 O.62- - R 00 350. O 5. 8 20. 0- O.00 95. 0 $
-2001 59.0 ' 4. 6 88. 0 81.'O 15.O 150. O R O2 R 00 -- - 35d 0 5. 8 2R 0 0 00 91 0

8a 7 15. 0 150. O O.02- 0 00 35& 0 18 2R 0 - & 00- 91 0-12002- 60 2 4. 6 87. 0~
80.2 15.O 15d 0 0.02 0.60 350. O i8 20. O R 00 91 02003 66.3 4. 6 ' 86. O

2004 72.9 4. 6 86.O 80. 2 15. 0 15R 0 8.02 0.00 35a 0 5. 8 20. 0 0. 00 95 0 '
2005 80. 2 . 4. 6 86. 0 8& 2 15. 0 150.O. R 02 - O. 00 35d O . 58' 2R 0 & 00 95 0'

2006 . BR 2 4. 6 86. 0 80.2 11 0 15& O & O2 0.00 350. 0 ' 58 2d 0 & 00 91 01

2007 88.2 4. 6 86. 0 Sa 2 15.0 15a 0 ' O.02 0 00 - 35d 0 - i8 20. O & 00 91 0
91 02008 91.4 4. 6 86. 0 80.2 15. O 15a O 8.02 & 00 35R 0 5. 8 - 2d 0 a 00 -
'

2009 91;4 4. 6 86. 0 80.2 11 0 150. O R 02 0.00 35& O 5. 8 . 2d 0 R 00 95 0
-

.2011 91.4 46 86.O BR 2 15.0. 150.O~
O.02 & 00 -350.0 5. 8 20. O d 00 95 02010 91.4 46 86.O 80. 2 15.O 150. O
0.02 8.00 350. 0 5. 8 20.O R 00 - -95.0'

3
' 2012. 91.4 4. 6 86. 0 80. 2 -15.0- 150.0 0. 62 0.00 35a 0 5. 8 20. O O. 00 '91 0
' 2013 91.4 4. 6 86. 0 80. 2- 15. 0 15a O ~ 0.02 a 00 35R 0 ~ 5. 8 20. 0 & 00 95 0

2014 91.4 4. 6 86.0 Ba 2 15.O - .15e O O.02 8.00 350.0 5. 8 20. O R 00 95 0
2015 - 91.4 - 4. 6 86. 0- 80. 2 15. 0 .150. O a 02 0. 00 350.0 5. 8 20.0 & 00 -95.O<

HT
FNE. 59.3: 4. 6 91.3 84 6- 15 0 00 & 00 a 00 &0 58 R0 0 00 95 0

i

. .

i'

i :

i

4
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TABLE 4.32. : Projected Costs for Materials and Services
for 1,000 MWe BWR with No Reprocessing
(in Millions of 1977 Dollars)

~YEf tR ' MINING OF6 ENRICtiMNT U FUEL. SPENT -- PEPRO PU INCR Pu H0X ItiCR SPEtiT HA5TE PU 56LES- SPENT TOTAL
HILLlHO CotNR - FhB FUEL TRAN TRANS STORn6E F68 FUEi. STuR DISP 0CitL FUEL DI5P

N/0 PU
1983 23.7 1. 20. 10. O. O. O_00 -O.60 0.' O. O. ~ 0. 0. - 56.
1984 80 - O. O. O. 0 0. O. OO - 6. 00 0. O. O. O. ' O. 6.
-1985 10.6 0. O. O. O. O. O. 00 0.00- O. O. O. O. O. 11.
1986 16.5 1. 12. 3. O. 0 0.00 - O. 00 - O. 6. O. O. O. 32.

'1987 13.6 1. 3. 3. 0 0.. O. 00 0. 00 0. O. O. O. 2. . 22.
'

1988 16.4 1 9. 2. O. O. O.00 0. 00 0. G. G. O. 2.< 30.
1989 '17.8 1. 10. 3. O. O. O.00 0 00 0. 1. O. O. 1. 33. --

-1990 17.2 1. 9. 2. 0 . O. O. OG 0.00 - O. 1. O. - O. ' 2. - 32. .
1991 17.2 1. 9. 2. O. 6.- . O. 00 - O. 00- O. 1. G. ' O. 2. 32.
1992 17.2 1.; 9. 2. - 1. O. O. 00 6. 00 0. ' i. O. 6. - 2. , 32.
1993 17.8 1. 9. 2. 1. O. O. 00 0. 00 0. 1. O. O. 2. ' 32.
1994 17.8 1. 9. 2. O. O. O. 00 0. 00 0. 1. - O. O. 2. 32..

1995 17.8 1. 8. 2. O. O. O. 00 0. 00 0.. i. . O. O. 2. . '32-
1996 17.8 1. 8. 2. O. 0.' O.00 0.00 6. 1. 0. O. 2. 32. -
1997 18.0 1. 8. 2. D. O. O. 00 . O. 00 0. 1. O. O.- 2. - 3 2. *
1998 19.8 1. 8. 2. O. O. ' O.00' 0 00 0. 1. - O. ' O. ' 2. - 34. y'

~1999 20.6 1.. 8. 2. O. O. O. 00 O. 00 8. 1. O. O. 2. ~ 34. cn
2000 22.4 1. 8. 2. O. O. 0. 00 0 00 0. 1. O. O. 2. 36.
2001 21.7 1. 8. 2. O. O. O.00' O. 00 - O. 1. O. O. 2. 35.
:2002 21.5 1. 7. 2. 0. - ' O. O.00 0. 00 0. 1. O. O. - 1. 34.
2003 22.9 1. 7. 2. O. O. O.00 6. Da 0. i. - O. O. 1. 35.
2004- 24.4 1. 7. 2. . O. 0' O. 00 - O. u0 ~ 0. 1. O. O. 1." 36.
2005 26.0 1. 7. 2. ' O. 0 O. 00 0. 00 0, 1. 6. O. 1. 38. -
2006 27.6 1. 6. 2. O. O. - O. 00 - O. 00 . O. 1. O. O. 1.- 39.
2007 26.6 1. 6. 2. O. O. O. OO 0.00 - O. 1. O. O. ' 1. 38.
2008 26.6 1. 6. 2. 0 ' O. O. 00 0. 00 6. 1. O. O. 1. 3?.
2009 25 6 . 1. 6. 2. -0 0. O.00 0. 00 0. 1. O. O. - 1. . 36.
2010 24.6 0. 6. 2. O. O. O. 00 0. 00 6. 1. O. O. i. . 34.
2011 23.6 0. 5. 2. O. O. 6. 00 0. 60 8. 1. ' O. O.- 1. ~ 33.
2012 22.6 0. 5 1. O. O. O. 00 6. 00 8. 1. O. - O. 1. . 32.
2013 21 6 0. 5 1. O. O. O.00 0. 00 0. - 1. O. O. 1. 30.
2814 10. 5 O.- 5. 1. O O. O. 00 0. 00 0. 1. O. O. 1. 19.
20LS 0. 0 0 0. O O. 0 0.00 O. 00 0 1. O. O. 7. 8.
TOTL 628 0 19. 232. 72. 9 0- | 0 00 0. 00. O. 20. - O. O. 47. 1027.

.
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TABLE 4.33. Discounted and Levelized Process Costs for 1,000 MWe BilR with No Reprocessing
(in Hillions of 1977 Dollars)

Discount Rate, 8%
YLitR ttiteING OF6 Er4RicitNtlT U FLEL SPt~tif REPRO l'il ItK R PU 'NO.1 It4CR SPf tif IYiSIE Ft1 SOLES SPENT ToltL

NILLING C0tt'/R Ff1D FLCL 1Resti Tkt1NS SlukttoE File FUEL STOR D15P050L FUEL (al5P
W O Fil

1983 14.9 1. 13. 7. O. O. O 00 R 00 0 0 0. R R 35
1904 00 0 0 0. 0 0. O.00 0. 00 & O 0. 0 0. 0
1985 5. 7 6. O. 6. R 0 0. 00 0 00 0. O. O. R 0 6.
1966 8. 3 0 6. 2. O. O. O. 00 0 00 0 0. O. O. O. 16.
1907 6. 3 0. 1. 1. O. O. O.00 0 00 R 0 0. 0 1. in
1908 7. 0 0. 4. 1. 0 6. O 00 0. 00 0 0. 0 0. 1. - 13.
1989 7. 1 0. 4. 1. O. O. O. 00 0. 00 0. 0 0. 0 1. 13
1990 6. 3 6. 3. 1. O O 0. 00 0 00 0. O. O. O. 1. 12.
1991 5. 9 R 3. 1. O R O. 00 0. 00 R 0 0 0 1. 11..

1992 5. 4 0. 3. 1. 0 0 0 00 R 00 0 0 0 R 0. 10.
1993 5. 2 0. 3. 1. O. O. O. 00 R 00 0. O. 0 0 R 9.
1994 4. 8 0 2 1. O. O O 00 R 00 0. R 0 0 0. 9. P
1995 4. 4 0 2. 1. 0 0. O. 00 0. 00 0. O. O R 0 8 w
1996 4. 1 0 2. 1. 0 0. 0 00 0.00 0 0. 0 0. R 7. N
1997 39 R 2. R 0. R 0 00 0. 00 .O & 0. 6. R 7.
1990 39 0. 2. O. O O. O. 00 R 00 & R 0 0 0 7.
1999 38 a 1. O O. R O 00 0.00 0 0. O 6. R 6.
2000 3. 8 0. 1. 0 0 0 0. 00 0. 00 0 0. 0 0. O. 6.
2001 3. 4 0. 1. 0 0 0. O.00 0.00 0. O. 0 0. O. 6.
2u02 3.1 0. 1. O. 0 & 0. 00 R 00 0. R 0 0 0. 5.
2003 3. 1 'O 1 0. O O. O. 00 0 00 0. R R 0 0. 5.
2004 3.1 0 1. O O. O. O. 00 0 00 0 0. 0 0. O. 5
2005 30 0 1. 0 0. O. O. 00 0 00 0. O. R 0 0. 4.
2006 3. 0 0 1. 0 0 0 0. 00 R 00 R 0. O R O. 4.
2007 2. 6 0 .1. 0 0 0. O.00 0 00 0. 0 0. 0 0' 4.
2008 2. 4 0 1. 0 0 0. R 00 0.60 & R 0. O. 0 3.
2009 2. 2 0. R O. O. O. R 00 0 00 0 - 0. 0 0 R 3.
2010 1. 9 0 6. O O 0. R 00 0. 00 R R 0 0. R 3.
?oli 1. 7 O O O O 0. 0 00 R 00 R 0. 0 0 0 2.
?012 15 O. O O. O. 0 0 00 0.00 0 0. O. O. 0 2.
201 't 1. 4 0 0. O. 0 6. 0. 00 R OO 0. 0 0 0. 0 2.

' ?O14 0. 6 0 0. O O. O. O. 00 0 00 0 0. O. 0 0. 1.
2015 00 0 6. 0 0 0 0. 00 0 00 0. O. 0 0 0 0
Tort 134 0 5. 61 21. 1. 0 0 00 0 00 0 4 0. 0 9 2'i5.

Levelized fuel Cycle Cost, Mills /kW-br

03-87 2.980 0 145 1.29/ 0. 604 R 000 0. 000 6. 000 0 000 0 000 0 112 R 005 R 000 0.456 5.676
80-92 2.409 0 111 1.366 0 453 R.042 0 000 0.000 0 000 0.000 0.129 R 000 0.000 & 251 4.762
93-97 2.036 0 111 1.427 0 385 0 065 0 000 0. 000 0 000 0. 000 0.123 0.000 0 000 0. 251 ' 5 199
98- 2 3.112 0 113 1.360 0 380 R 065 O.000 0.000 R 000 0 000 & 124 0.000 0 000 0 243 5 -105
3- 7 4.314 & 119 1.382 0.391 0 0/3 6. 000 0 000 0. 000 0 000 0 125 O. 000 0. 000 0 238 6,641

0-12 6.100 0.120 1.391 0 395 0 075 0 000 0 000 0 000 0. 000 0. 1-t ? 0.000 0. 000 0.455 8.692
13-1*i 9 222 O_173 1. 9W 0.568 0 041 0 000 0 000 0 000 0 000 6. 000 0. 000 R 000 0 000 12.003

. _ . .
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Ti YEAR DF m D CURVE CAPACITY TWUPUT. CAPACITY T% UPUT CAPACITY TWuPUT CAPACITY THRUPUT
w .... ...... ........ ........ ....... ........ ....... ........ ....... . . . . . . . . . . . . . . . .

r'
a

*

j t . _. I 1869 _ _.0.0_ 0 0000 _
0.0 _ _ _ _ 0.0

_ .__

0.0 0.0
__

_ _ . 0.0 0.0 _
_

0.0 0.0 i0.0 0.0_ 0.0 0.0 0 . 0 ,_ .c.0
j' 2 1970- 0.0 0.0000 0.0 0,0

3 1971 0.0 0'.0000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0-
8.1972._. o.O . 0.on00 _ _ _0.0 0. 0 _ . _.

| F. S tc71 0.0 1.0nc0 0n 9,0
._.. 0.0 0.0 0. 0 _ 0.0 _ 0.0 0.0, . _ _

0.0 0.0 0.0 0.0 0.0 0.0
) 6 1078 an3.6 1.On00 300.0 403.o 0.0 0.0 0.0 0.0 0.0 0.0
p .7,1CF5 _ 307.6___. l.0000__. 600.0 _ 3 o 7 . 6._ _ _ _ _

__ 0.0 0.0 0.0 0.0 0.0
_

0.0
' 0.0 0.0 _ ._._ ._._ _0.0___0.0, . . _ _ , . . __ 0.0 0.0

6 1976 534.8 1.0150 1015.0 534.9
9 1477 ed6.0 1;0307 1030,7 686.0 0.0 0.0 0.0 0.0 0.0 0.01

10 1074 __739.1 __t.0a57 _ 1945.7 _ 7 o9. 5 _ _
-8 11 1974 ild.h I'.06ta 1061.4 91a.5

_ _ _ _ 0.0 0.0 _ . , _ __ . _ 0. 0_ 0.0 ._ _
0,0 0.0

0.0 0.0 0.0 0.0 0.0 0.0-
12 1090 120a.A 1.0773 1077.3 90R.9 355.5 290 9 0.0 0.0 0.0~ 0.0! g

+3 .13_1561 _1073.9 1,0C34 __1043.4 ,_.646,9__
_.

. 1220.8 657.9 0.0 0.0 _ _ _ __ _
0.0 _ 0.0721.7 427.0._ _ _ _ _ _0.0 _ _ 0.0

f"i
18 1082 to37.6 1.to4A 1t09.9 779 9 0.0 0.0

. 15 1933 teF6 E l' t n5 1176.5 798.5 1230.1 978.3 0.0 0.0 0.0 0.0
._ 16,1934 2075.3 __1.143a , it 3,a 988.1 _ __ 1257.7 1086.9 _ 0.0_ .,C.0 _ 0.0 0.0

1 7 1:$5 2155.a 1.1605 11*0.5 1025.4 1276.6 1124.0 0.0 0.0 0.0 0.0'

10 19h 2121.6 1,1779. 117' * 1919,4 1295.7 1821.6 0.0 0.0 0.0 0.0,

. 19 1947 2's35.0 1.1956 1195.6 1159.5
1 . M. 20 19e6 2701.1 1.2136 t?t3.6 1080.4

__ 1315.2 1275.5 ._ _ 0.0 _ 0.0 __ 0.0 0.0
81 20.3 1620.6 0.0 0.0 0.0 0.0 32

[ 21 19B9 2757.0 I'.2316 1231,6 1102,A 1847.6 1654.2 0.0 0.0 0.0 0.0 4' ; _ 22 1590 79 9 .5 _ _ t ,25 0 2 _ 1750.7 .It77.0 _ _ _.. 1875.3 1765.5 _ _ 0. 0 _ _ 0.0 _ _ __ 0.0 0.0
._

m 23 14'1 33u5.4 1.2e93 t?69.0 1037.3 1903.5 1638,0 h65.3 597.1 0.0 0.0
'' 24 194? 33*?.4 t . ?MO 12F0,0 9h. 3 193?.0 ta19.5 1191.1 1022.0 0.0 0.0

25 1C91 3e35.3 ._l'.5373_ _ l307.4 __e".5,3 _ 1961,0 _t2ee.1,
__ 2368.5 20ba.9 0.0 0.0

2353,2_ 1521.7 _ _ _ _ 0.0 0.0._
26 199u 3622.3 1.5770 0.0 0.0 1990.4 1737.4'

h; 27 1925 3as9.2 t,3sb9 0.n 0.n 2020.3 17a5.1 2a24.3 2094.1 0.0 0.0
d_2 8 t**6..3090.0 _ t,lA7t _ 0 . n _ ._. - _ 0 . 0
;. 29 1997 4142.2 1.5a76 0.0 0.0

___ 2050.6_1813.7 _ _ _ _ 2ao0.7 _2176.4 _
0.0 0.0

20ht.3 1862.8 2447.e 2?S9.a 0.0 .0.0
- 30 144R a126.3 1.an3a 0.0 0,0 2132,o 1876.5 2515.1 2251.9 0.0 0.0
. 31 1W9- 4??9.1 1.a795 _ 0,0 __0.0.___ 2513.1 _23M.8 0.0 0.0
*7 32 2000 41c2.5 t,a%09 0.0 0.0

_
,2143.3 1922.3 _ _ .

4611.7 2o11.7
_ _

7dl.5 783.5
_

0.0 0.0
: 33 20st a2an.e 1 c727 0,0 0,o 0.0 0.0 2650.9 2650.5 1590.5 1590.3

q 14 2002_atS3.? _ 1,.aos _ 0.0 0 . 0, _ _ _ 0. 0_ 0.0 _ _ _ _ _ __.2690.6_ 2076.6 _ _ _ _ __2690.6 2076.6a

M __35 2003 a36?.5 1,5372 0.0 0.n 0.0 0.0 2731.0 2161.3 2731.0 2161.3y lb 2n04 0.0 0,on00 0.0 0,0 0.0 0.0 2731.0 2161.3 2731.0- 2161.3
37 2nus 0,0 2731.0 2161.3

0[0 ~~ ~~ 0.0 0.0 2731.0 2131.3 ' - ~ ~ -
2731.0 21t1.3

~ ^ ,0900 0.0 0-a. .,

['362nua"~~~0.o 0.n000 ~~~ 0n ~ ~

0 0.0 0.0 ~~ ~ ~ -'2731.0 2181.3
L 39 2007 0.0 010n00 0.0 0.0 0.0 0.0 2731.0 2161.3 i?31.0 .2181.3
- j ._ __4 0 2004__ _ _0.0_ _0,0000 _ __ 0.6 _ _ 0.0_

_ _ _
0,0 __O.0.._ _ _ . _ _2731.0_ 2161.3 __ 2731.0 2181,3 -

d 41 2009 0.0 0.0000 0.0 0.0 0.0 0.0 2731.0 2161.3 2731.0 2181.3
_

] 42 2010 0.0 0;0n00 0.0 0.0 0.0 0.0 2731.0 2161.3 2731.0 21e1.3
_.83 20st _ 0. 0 __ 0 ; 0 n 0 0. _ _ _.__ 0.0 __0.0__. _ ____ _____.0.0 _ _0.0 _ _ _._ _ _ 0.0 _ 0.0. _ _ _ 2731.0 ,2161.3

_

44 2612 0.0 0.0000 0.0 0.0 u.0 0.0 0.0 0.0 2731.0 2161.3
!a 45 2nt% 0.0 4.0n00 0.0_ 0.0 0.0 0.0 0.0 0.0 2731.0 2161.3
h l._. 4 6 20l* _ _,__0.0_ _0 Onno _, _ n.0_ __0,0_,_______.__ _.0.0_. 0,0_,____,_____ __,_0.0 _ _ 0 . 0_ . _ _ _

2731.0 2161.3
. _ _

2731.0 2181.3
y si 2nts 0.0 0.0000 0.0 0.0 0.0 0.0 0.0 0.0
'

c8 2ct6 n.0 o;0600 0.o. 0.0 0.0 0.0 0.0 0.0 2731.0 2161.3,

Li._ 29 2017 ,,_ 0.0 _ .0.0n00 _ _. 0.o _ _0.0 . _ _ ,_ __0.0 _ - 0 . 0 , ___ __ ___ 0.0 _ 0,0 . _ _ _.__ 2 7 31. 0 2161.3
.i 50 fota 0.0 0'.0000 0n 0.0 0.0 0.0 0.0 0.0 2731.0 2161.3
3 51 2019 0.0 0.0n00 0.0 0.0 0.0 0.0 0.0 0.0 2731.0 2181.3
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