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FOREWORD

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
cycle.

In making our price estimates we made assumptions about the growth
of the nuclear industry and the choice of options for fuel cycle
cperations s.<h as the availability of reprocessing, plutonium recycle
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.



FUEL CYCLE COST PROJECTIONS

it
1.0 THE NUCLEAR FUEL CYCLE
Presently, uranium enriched to 2-4% U-235 is the fuel used in 1ight
L2 i ‘
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:
o o Uranium mining and milling
o UF6 conversion
o lsotopic enrichment
« ” UO2 fuel fabrication
e LWR reactor
o Disposal and/or reprocessing of spent fuel
Py A schematic representation of the LWR fuel cycle is shown in Figure 1.1,
In tt2 following sections we will briefly describe the processes involved
in the front end of the fuel cycle, tha' is processes before the nuclear
reactor.
d 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 thit the
™ material overlying the ore, the overburden, can be excavated, and the ore
mined directly from the pit. When the cre is located much deeper, under=
ground mining is required. This entails sinking a mine shaft{ down to
the ore deposit, blasting the ore bearing rock, and finally transporting
® the loose rock to the surface. In both mining methods, after the ore is
removed from the ground, it is scanned for uranium concentration, blended,
crushed, and transported to the mill,

1.2 MILLING

Uranium ore is milled by either acid leaching with solvent extraction
or alkaline leaching. Acid leaching is the predominarte method used in the
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States., The major unit operations involved are listed below:

Conventional grinding of the ore to a 20-200 mesh size

Batchwise leaching of the uranium from the rock with sulfuric
acid and oxidizing agents.

Countercurrent decantation of th2 uranium rich liquor.
Purification and concentration of 1iquor

Percipitation of yellowcake by the addition of ammonium
hydroxide to raise the pH to 6,5-8.,0,

1.3 CONVERSION OF YELLOWCAKE TO UF6

Both isotopic enrichment processes presently used require a gaseous
uranium compound, Uranium nexaflouride (UFG) is a compound that sublimes
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 processcs can be carried out at relatively low

temperatures.

The major processes required to converted ammonium diuranate (yellow-
cake) to uranium hexaflouride are summarized below:

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.

Production of uranium tetraflouride by reaction with hydrogen
flouride at 343 - 538°C,
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e Production of uranium hexaflouride by reaction with elemental
flourine in a countinuous flame reactor.

e Cooling and solidification of UFG.

The produc:, UF6, is stored and shipped as a soiid.

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

Gaseous diffusion is tased on the principle that at a given temperature
lighter molecules U-235 molecules are lighter than U-238 will move with
a greater velocity than heavier molecules. When the uranium hexaflouride
is pumped into a cylinder with porous walls, the faster moving, lighter
mo1ecu1e,U-235F6 will strike the porous walls more frequently than U-238F6.
If the pore diameters in the wall are properly sized, the U-235 molecule
will diffuse through the wall at a faster rate resulting in a small
incremental enrichment of U-235 wolecules.

Gas centrifugation is based «n the differences in densities betwesn
U-235F6 and U-238F6. Centrifugal force applied to the UF6 throws the heavier
U-238F6 outward, Slightly enriched U-235F6 can be withdrawn from the center.

In both enrichment processes, only small incremental enrichments are
obtained in any one stage, Both processes require extremely large numbers
of stages to enrich to the required concentration, However, the gaseous
diffusion process also requires large quantities of electric energy to
drive the compressors, while the gas centrifuge requires only approximately
4% of the enerqgy required for gaseous diffusion.

1.5 !92 FUEL FABRICATION

UO2 fuel fabrication requires two basic operations:

1. Chemical conversion of UF6 to UOZ’

2. Mechanical processing to produce finished fuel rods.
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1.5.1 Chemical Convers'on

The ammonium diuranate (ADU) process is the major commercial process
for converting UF6 to UOZ‘ The major operations are as follows:

o Hydrolysis of UF, in water to form uranyl flouride (UO,F,) and
hydroflouric acid (HF).

e Reaction of U02F2 with ammonium hydroxide (NHQOH) to percipitate
ADUI*

e Mechanical separation of ADU solid.

o Heating (calcining) the ADU in the presence of steam and hydrogen
to form U02.

Another newer conversion method still being developed involves the
direct conversion of UF6 to U02 by reaction with steam and hydrogen at
elevated temperatures (600°C), This methcd called the direct corversion
fluidized bed (DCFB) method is passed the advanced development stages
and is in the process of being introduced commercially.

1.5.2 Mechanical Processing

Production of the finished fuel rods involves:

e Pulverization of UO2 powder

e Producticn of UO2 pellets by high speed presses

e Sintering pellets in a hydrogen atmosphere

e Loading of zircaloy tubing with pellets

o Welding end caps on loaded fuel rod

o Assembly of fuel rouds into completed fuel assembly.

In addition to chemical and mechanical processing, # third operation,

scrap recovery, is employed. Waste and rejected fuel material is recovered
at each step in the fabrication process and recycled to the appropriate areas,

* Ammonium diuranate (ADU) is a compound of variable composition, but is
usually represented chemically as (NH4 U207).



2.0 FUEL CYCLE PROCESS FLOW RATES

We determined the fuel cycle process f1ow rates using the computer
model NUFUEL based on the current Department of Energy's (DOE) projected
LWR electric generating capacity. DOE's projection along with cur
estimation of the high and low boundaries of the projection are 1isted
in Table 2.1. Figure 2.1 shows a graphical representation of these
projections.,

TABLE 2.1 LWR Generating Capacity Schedule

Capacity (GWe)

Year Median High Low
1985 120 125 110
1990 190 210 170
1995 280 320 200
2000 380 460 210
2005 480 610 210
2010 560 760 210
2015 609 879 179
2020 623 993 143

The median growth scenario is based on adding about 19 GWe LWR
capacity per year to the year 2000, After the year 2000 the rate of
annual demand declines to about 10 Ghie 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
for the industry given the incentive to increase LWR capacity. In the
high 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
additions thereafter.

We generated the process flow rates for each case in Table 2.1 using
the computer model NUFUEL. We ran & no reprocessing and a reprocessing
beatnning in 1986 (plutonium and uranium recycle) scenario for each case.
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We assumed a 500 MTHM/yr capacity in 1986 for the reprocessing scenario
with an additiona] 500 MTHM/yr capacity each year thereafter until 1995,
From 1995 to year 2002 we assumed an additional capacity of 1,000 MTHM/yr
each year and an approximately constant rate thereafter. In all cases

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 NUFUEL mode has detailed batch fuel Toading characteristics for
existing reactor supplied by the operating utilities. In addition, we
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 1ife time with and
without uranium and plutonium recycle. A1l plants are operated on a
capacity factor scheduled as follows:

First year, 40%

Second year, 65%

Third year through 15uh year, 70%

16th year and over, decling at 2% per year

The fuel cycle process flows generated by NUFUEL for the median growth
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.
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TABLE 2.2. Model Reactor Characteristics(!)

BWR PWR

Tharmal Efficiency, % 34 33
Specific Power, MWth/MT 26 38
Initial Core, Average

Irradiation Level K mMwop/mT 17,000 24,000

Fresh Fuel Assay, wt% U-235 2.00 2.38

Spent Fuel Assay, wt¥ U-235 0.86 0,77

Fissile Pu Recovered, kg/MT(2) 4.3 5.6

Feed Required, ST U,0,/Mie’®) 0,580 0.364

g:g;aztlgs Work Requirements, 185 209

e

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

Irradiation Level, MWD/MT 27,300 32,500
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(8) 5.6 6.5
Feed Required, ST U308/Mwe 0.192 0.198
é;ﬁﬁa;tlgs Work Requirements, 90 100

3

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

Fissile Pu Recycled, kg/MWe 0.19% 0,197
Fissile Pu Recovered, kg/MT(Z) 7.4 Y %
Feed Required, ST U,0q/Mie **4) 0,120 0,125
3eparat2vs Work Requirements, 67 76
SWU/Mwe (3

MWth is thermal megawatts, MWe ic electrical megawatts, MWDt is thermal
megawatt days, MTU is metric tons (thousands of kilograms) of uranium,
and ST U 08 is short tons of U.0, yellowcake from an ore processing mill,
One SWU ?s equivalent to one ka gf separative work,

After losses.

Based on operation of enriching facilities at a tails assay of 0,25%,
For replacement loadings, the required feed and separative work are net,
in that they allow for the use of uranium recovered from spent fuel.
Allowance is made for fabrication and reprocessing losses.

Include natural uranium to be spiked with plutonium; 0.0087 ST U308/MWe
for BWR and 0.0067 for PWR,
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3.0 FUEL CYCLE COST ESTIMATION

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
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
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 perform a discounted cask flow analysis
to calculate a levelized price.* The model can be run in two modes:

1. Plant cost flows are entered

2. Plant building schedules are used

In Mode 1 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
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
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

* 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.
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then prints out the average levelized price versus years, UNICST nas the
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
due to technological advances as function time,

A typical example of a UNICST run using UO2 fuel fabrication as an
example is shown in Appendix A. A Tearning effect of increasing production
capacity per unit capital dollar by 1.5% per year is included in this
sample run,

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).(1) we determined an average ore grade associated
with each forward cost category. These values are shown in Table 3.1.
From the statistical data we assumed a production facility size of 2000 T
ore/day.

TABLE 3,1, Average Ore Grade Versus Forward Cost

Average Ore Grade (% U308)
Forward Cost Underground Open Pit
$10 Reserves 0.28 0.16
$15 Reserves 0.115 0.08
$30 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 data.{ZJ 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. We scaled up capital costs from other
years using the Marshall Stevens Construction Index for Mining and Mi11ing.*

* Found monthly in Chemical Engineering, published by McGraw Hill.
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Since mining is a labor intensive operation, we adjusted operating costs
based on the average hourly earnings of metal m1ners.(3) We determined
exploration costs from current statistics(1) and mi11 costs from a vendor's
quote. We used the UNICST computer model to calculate a levelizod price
for each forward cost category. The assumptions used in the UNICST program
are listed in Table 3.2. Only the reserve and probable uranium supplies

TABLE 3.2. Assumptions for Levelized Prica Calculation

e 10-Year Total Lead Time

o 10-Year Mine Life

e 2000 Ton/Day Processed, 330 Days/yr

e Constant Mi11 Tailings of 0.0075% U308

e 75% Equity Funding, 8% Bond Interest Rate
e 15% Required Internal Rate of Return

o 48% Federal Income Tax, 7% State Income Tax, 7% Investment
Credit, 4% Property Tax

e A Depletion Allowance of the Lesser of 22% Gross Revenues
or 50% Net Incone

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

increased exploration costs. We estimated these increased costs by 1ooking
at the exploration cost trend required to add on the next reserves. These
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 s shown graphically
in Figure 3.1, We arrived at these demand schedules by methods discussed

in Chapter 2. For our reference case we used the median growth, no
reprocessing scenarfo. 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
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,
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After developing our price projectiun, we identified areas of
uncertainty to estimate the range of uncertainty in our forecast.

3.2.2 Changes From Last Report

® 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 anc the extension of uranium demand and price
forecasts to the year 2020. The levelized prices for each forward cost
" category remained the same.

3.2.3 Comparative Results

The expenditures for our reference mines are shown in Tables 2.3 and

o 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'5(1)

uranium reserves and probables in the NUCOST model. The levelized prices

® TABLE 3.5. Levelized Price Versus Forward Cost
Category
Levelized Price ($/1b U308)
® Forward Open Weighted
Cost Category Underground Pit Average
Reserves ($)
10 26,06 26,78 26,30
" 15 31.71 40,71 34,40
30 48,28 59,07 51.60
50 78.03 111.94 88.20
Probables ($)
10 48,48 40,23 46,20
L 15 43.20 48,25 44,70
30 60.87 76.76 65.80
50 81.32 114,85 91.38

and auantities available are shown in Table 3.6, In Figure 3,2 we show

our uranium price projection in comparison to other price projections.
Note that all price estimates are lower than the current exchange price
shown by the dashed 1ine. It appears likely that the current exchange
price will remain relatively constant until 1985 to 1990 at which time




Average Ore Grade (§ 0308)
Throughput (1b U308/y')

Capital Costs
Field Expenses
Property Acquisition
Exploration Drilling
Uevelopment Drilling
Mine Primary Development
Hine Plant and Equipment
M1l Coastraction

Total Capital Cost

Operating Costs (Annual)
Mining
Hauiing
Milling
Royalty
Total Operating Cost (Annual)

-~

TABLE 3.3. Expenditures for Underground Mining and Milling

Basis:

2000 T Ore/Day

Fgugrﬂ_Q92L_ngggﬂrz._iLln.F__B_s______________.
Reserves robables

310 — 315 $30
0.23  0.115 0.064
2.6x10°  1.42x10°  0.746x10°

Millions 1977 Dollars
26.03  4.93 1.65
21.38  4.95 1.35
35.33  6.69 2.23
10.23  1.94 0.647
a4.57 3276 26.74
8.18 6.0 4.91
60.0  60.0 60.0
205.70  116.40 97.5C
9.1 5.82 9.3
0.65  0.65 0.65
3.8E 3.69 1.85
3.60 2.13 3.60
17.41  12.29 17.41

* Production begins in the 11th year.

$10 315 $30
0.28  0.115 0.064
3.6x10°  1.42x10° ©.746x10°
67.45  14.39 7.84
55.40  11.82 6.44
91.53  19.52 10.63
26.50 5.65 1.03
aa.57  32.76 26.74
8.18 6.01 4.91
60.0 60.0 60.0
353.63  150.15  119.64
9.3 5.82 4.27
0.65 0.65 0.65
3.85 3.69 3.59
3.60 2.13 2.24
17.41  12.29 10.75

Years#*

Incurred

1,2,3,4,5
1,2,3,4,5

3,4,5,6
5,6,7
8,9,10
11,16
9,10

11 + 20
11 ~ 20
11 » 20
11 + 20

9'¢ abey



Average Ore Grade (% 0308)
Throughput (1b 0308/yr)

Capital Costs
Field Expenses
Property Acquisition
Exploration Drilling
Develooment Drilling
Mine Primary Development
Mine Plant and Equipment
Mill Construction

Total Capital Cost

Operating Costs (Annual)
Mining
Hauling
Milling
Royalty
Total Operating Cost (Annuai

*

FIGURE 3.4. Expenditures for Open Pit Mining and Milling
Basis: 2000 T Ore/Day

Fngnnrn_ﬂnzx_ﬁnxsggnz._illg_g
Reserves robables

310 15 330 $10 315 330 1153::;a
0.16 0.08 0.046 0.16 0.08 0.046
2.01x10% 0.96x10%  0.51x10° 2.01x10%  0,96x10°  0.51x10°
Millions 1977 Dollars
9.14 2.5 0.89 23.69 7.29 a.24 1,2,3,4,5
7.51 2.05 0.73 19.46 5.99 3.48 1,2,3,4,5
12.40 3.39 1.21 32.16 9.89 5.75 3,4,5,6
3.59 0.98 0.35 9.3 2.86 1.66 5,6,7
54.36  50.17 47.07 54.36  50.17 47.07 8,9,10
1.85 1.7 1.61 1.85 1.71 1.61 1,16
60.0 60.0 60.0 60.0 60.0 60.0 9,10
148.9  120,8 1.9 200,83  137.91  123.82 .
o
34
1.55 0.97 0.67 1.55 0.97 0.67 20 %
0.65 0.65 0.65 0.65 0.65 0.65 1N 20
3.76 3.61 3.53 3.75 1.6 3.53 1N+ 20
2.01 1.44 1.53 2.01 1.44 1.53 1o 20
7.96 5.67 6.38 7.9 6.67 6.38

Production begins in the 11th yoear,
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TABLE 3.6. Levelized Price of U308 Versus Projected
Quantity Available

Levelized Price 3Quant1ty

—(8/1b U02) (16~ Tons U.00) Cumylative
26,30 250 250
34.40 160 410
39.50 150 560
44.70 160 720
46.20 275 995
51.60 270 1,265
59.00 266 1,525
65.80 245 1,770
88.20 160 1,930
91.38 210 2,140

the price will rise to approximately $60/kg U308 by year 2000 (1977 dollars).

3.2.4 Comparison with GESMO'S) Estimates

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

1. Only reserves and probables forward cost categories are used.
A1l other forecasts used this procedure or only reserves.

2. Cost for $10 reserves are virtually the same as in GESMO 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.

TABLE 3.7. Comparison of Uranium Cost Estimates

Reserves Probables

Forward Cost QESAD (57 This Report GESMO (577) 1nis Report
10 28 26 33 46
15 40 34 44 45

30 69 52 81 66
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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 pased on a more expensive cost category. As a result, this
revised formulation is sensitive to the annual rate of demand,
whereas the GESMO model only considered the cumulative use.

3,2.5 Uncertainties of Price Projections

To ascertain the reliability of our forecast, we determined the factors
that were most 1ikely 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
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 1imited. 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 or
re jection ¢f the nuclear alternative will also play a part in establishing the
de nand for uranium. In addition to these factors, mine operation and policy
wiil change the price of uranium., For example, a change from 15 to 20% return
on investment would result in an increase in the levelized price of 15%. Should
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 Titerature of mill
prices as low as $15,000/ton ore/day(g) would decrease the levelized price
by 5 to 20% depending on the ore grade being processed. Taking these factors
into consideration collactively 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 1ines bourding the price projections.

3.3 UF6 CONVERSION

3.3.1 Cost Estimation Procedure

The estimated demand for UF6 conversion is shown in Figure 3.3 for the
median growth scenario with and without reprocessing., Based on industry
est1mates(1o) we chose a reference facility capacity of 10,000 MTU/yr at a
capital cost of $75 million (1977 dollars). Operating cost estimates by
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Geﬂer(“ 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 leveiized

price.
-

The assumptions used in UNICST are 1isted below:
S-yr construction and design

70% capacity factor including startup

20-vr amortization

75% equity funded

12% return on investment

8% bond interest rate

48% federal income tax, 7% state i .come tax, 7% investment tax
credit
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The estimated capital and operating cost aiong with the assumptions listed
above were used as input into UNICST to generate a levelized price.

TABLE 3.8, UF6 Conversion
Basis: 10,000 MTU/yr)
Capacity Factor: 70%

Lead Time: 5 Years

Expenditures (1977 Dollars)

Capital Cost ($ Millions) 75.
Operating Costs ($ MM/yr)
Labor 6.0
Supplies 12,7
G&A (2% Price) 0.7
Sampling & Shipping (5% Price) 1.7
TOTAL 21.1 MM/yr

Levelized Price, $5.12/kg U

3.3.2 Comparative Results

We estimate the price of UF6 conversion based on a plant constructed
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
be 1ittle price change in constant dollars over time, However, should new
processes be introduced such as the direct conversion fluidized bed process,
improvements may result which would lower the levelized price.

Other literature estimates of conversion costs are listed in
Table 3.9.
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TABLE 3.9. Comparative UF6 Conversion Estimates

$/kg U*
This Report 8. 12
Geller(?) 4.97
South Australian Gov't(!") 4.90
TRu(12) 3.60

* Other years escalated tc 1977 dollars at 6% per
year,

3.4 1SOTOPIC ENRICHMENT

3.4.1 Cost Estimation Procedure

Our projections of separative work unit requirements for the high,
low, and median no reprocessing, and the median reprocessing scenarios
are shown in Figure 3.4, The governinent recently decided to meet the
growing demand for separative work by constructing an 8,75 million
SWU/yk gas centrifuge facility. We assumed that this plant will be the
price setting producer so we chose it as our reference facility. The
Department of Energy's latest capital 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
were taken to be 4% of the 2400 kW-hr/SWU needed for gaseous diffusion
plants. Power costs were assumed to be 1,6¢/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
on the feed and flywheel value for three months. Table 3.10 summarizes
the cost data for the levelized price calculation,
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TABLE 3.10. Gas Centrifugation

Basis: 8.75 Million SWU/yr
Capacity: 95%
Lead Time: 8 Years

Expenditures (1977 Dollars)

Capital Cost (Billion §) 4,2

Operating Costs ($ MM/yr)

Labor 49,1
Supplies 55.1
Power 10.1
Feed & Flywheel 71.1
R&D and G&A 13.4
TOTAL $199.4 MM/yr

3.4.2 Assumptions

For our reference price projection we assumed that DOE will begin using
commerciaI/pricing for this plant. We used conditions reported in the
1iterature‘]4) for government commercial pricing, The conditions are:

e 12% return on equity
o Debt/equity ratio = 50/50
e 8% bonds
o 40% federal income tax
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.



3.4,3 Comparative Results

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 Tine (1977 dollars). This agrees with DOE estimates for separative
work. The dashed 1ine represents a hypothetical path that the separative
work price will follow from the present DOE(15) requirements contract charge
of $76.82/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
considerably lower than ours since their estimates assumes typical government
ownersnip without return on investment, taxes, etc. Other point estimates are
also shown in Figure 3.5. The GESMO estimate is also based on government
ownership.

Since gas centrifugation is a new process, we axpect learning will
result in price decreases as shown by the declining price projection after
1995,

3.4,4 \Uncertainty

The upper 1imit for our projection siiown in Figure 3.5 was developed
based on higher labor and supply estimates by other researchers.(a) The
Tower 1imit is based on the present government ownership separative work
price. This {s the separative work price that would be charged if commerical
pricing 1s not adopted.

3.5 gge FUEL FABRICATION

3.5.1 Cost Estimation

The UO2 fuel fabrication requirements developed in Chapter 2 are shown
fn 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 UO2 fuel fabrication plant for production
of PWR fuel elements tec be 1500 MTU/yr, using the plant size suggested in
GESMO.(s) Capital cost estimates found in the literature were escalated to
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1977 dollars using the Engineering News Record (ENR) Construction Cost
Index,* which includes factors for buildings, equipment, and labor,
Table 3.11 shows these costs. From this data we estimated our 1500 MTU/yr

TABLE 3.11. Capital Cost Estimates Versus Plant Size

Base

Year 1977
Plant Size Reference Cost Cost
(MTU/yr) Number Year ($MM) (SMM)
260 16 1968 4.9 10.5
1,000 17 1969 20 42.8
1,250 18 1975 50 61.4
1,500 19 1973 36 51.3

1,500 20 1975 110 135

reference facility to have a capital cost of $62 million (1977 dollars).

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
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
(1.e., Westinghouse or General Electric) and, therefore, alloted a large
share of the market. The UNICST model built fabrication plants through
the year 2000 to satisfy the vendor's market share of UO2 fuel fabrication
requirements outlined in Figure 3.6.

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

* The Engineering News Record Construction Cost Index appears weekly in the
Engineering News Record.
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TABLE 3.12. UO2 Fuel Fabrication Operating Expenses
Basis: 1500 MTU/yr

I. MANUFACTURING COSTS
A. DIRECT PRODUCT COSTS

Process Materials Million $/Year
Zircaloy Tubing 40.0
Zircaloy End Caps 4.5
Zirconium Hardware 9.7
Stainless Steel Hardware 8.4
TOTAL 62.6

Operating Labor*

Supervisory 1.6
Labor 10.7
TOTAL 12.3

Utilities

Electricity 1.45
Natural Gas 0.004
Process Water 0.002
TOTAL 1.5
Maintenance and Repairs 3.7
Miscellaneous Materials 0.6
Patents and Royalties 1.0
Mechanical Warranties 6.8

TOTAL DIRECT PRODUCTION COST 88.5

* Laboratory expenses included.
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TABLE 3,12. (Continued)

B. FIXED CHARGES* Million 3/Year

Plant Overhead 9.6

Administrative Costs

Management 4.6
Professional 3.5
Technical i
& Clerical 0.6
TOTAL 10.4
Distribution and Marketing 6.8
° Research & Development 4.1
Contingencies 5.4
|
1
® TOTAL FIXED CHARGES 36.3 i
\
\
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,
&
[ ]
@
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3.5.2 Changes From Last Report

Since the last report or 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
price forecast than the initial report.

3.5.3 Comparative Results

We found that UO2 fuel fabrication is a material and labor intensive
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
compiled in Appendix A. There is close agreement between all price forecasts.
A1l forecasts, including ours, indicate a slight decrease of approximately
1%/yr in constant dollars due to learning effects.

3.5.4 Uncertainty

Since fabrication is so highly material intensive, changes in the capital
cost estimate have 1ittle or no effect on the overall levelized price. We
assumed an uncertainty in the price of materials and labor to be plus or minus
20%. This results in an overall range of uncertainty of plus or minus 15%
indicated by the outer boundary lines in Figure 3.6.
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4.0 FUEL CYCLE COST SUMMARY

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
with and without reprocessing. In addition, single reactor fuel cycle
costs are estimated for 1,000 MWe PWRs and BWRs. A computer mode]
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
reactor cases.

4.1 FUEL CYCLE FOR LWR ECONOMY

Fuel cycle costs are estimated for the LWR economy using the
median growth projection for cases without reprocessing and with uranium
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 approximately 500 MT/yr through 1995 when the
rate increases to 1,000 MT/yr until the total capacity of approximately
12,000 MT/yr is achieved. It is assumed that recycling of uranium and
plutonium occurs within one year of the recovery frum reprocessing.
Table 4.1 summarizes fuel cycle process flows for the median growth case
with no reprocessing. By year 2020, 3 million short tons of U308 are
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 1s achieved by year 2010 at which time it is assumed that additional
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
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
fuel cycle were not investigated in this report; however, an update of
the GESMO 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
summarized in Table 4.3. This table is derived by multiplying the process
flows from Table 4.1 times the unit costs from Table 4.2 with appropriate




Process Flows for Median Growth with No Reprocessing
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TABLE 4.2.

FUEL UisP
.66 -He

SPENT

$/G FISS

TOR
$EG-HN $KG-HR-VYR #‘I‘h*l’ﬂ

FRE FUEL

0

Py

FEFRO
$FG-HM £00G-H $£°6-ToT  $7G-107

1

$.7KG-U

3 o
£

(1]

60

LR
(S BUFNED CONVE

116

YEAR

4.3

@.U‘UB DD .U.LBE.H.”.@.U.U.UG.B_UQG.U.U.B.B.U.L_@G.U?_U.U.E.U.I_.U.t_u.:u_u

a%%wﬁhﬁeﬁ%%%ﬁﬁﬁﬁsﬁ PSSP S S At e e ot

CEEE PR R R R R R R R AR R R R bk RS

SDDODDOD0SDCDSED0DED00DD0ET000T00500950S55D

WKBGQQGQBQ.&GBB893.&353939Q.H:U_U.U.U.U.M:H\G.B.B PRIPDLIDIDDD

SRR RN R R AR AARRRARRRR RN ANERRRERR

,.U.uo.d..o 1000 200 00 00 V00 Y20 430 W0 WO 0w 0 0 00 0 W0 W30 W00 30 A 4000 00120 020 020 D D A0 00 O 030 0 G0 3 D 000 0 00 A 2D

U:)S_.JS555_3555555555.\._3555555355_\:55_ IONID Do s oo

W.O.U.U.B.U.BOQG.BGQGG DRODDODTODDODDDDODDDOODDODDDD

B ot L oottt ool ottt oot Tl

bl .3_5 My 3.533.(:::::(: T 33333

BB R R R e R R R R R R R e E2RREE

DOPLDIPOSTOOOTSIOOOCOSSOSOTSISCE TSSO TOSTHS

/)_):)_3_2 Do D) D T D Dt K | ).2, T 7 Do Do Ed Do Dne? ot D Loa Do Lo L ) L) Lon Rt e Bons 1800 D B L |
ae&eﬁmamataaa.vﬁ@w 6638.?6666&&8@86638686?

.,.GG.UC_B.UE.UGB.U\.B.L.UG_U_ DD LDITOLIDDOIDDDO

R RRRRRRRRRR AR AR RRR R REEAERERR R

A ] o o ) o e e e o i ot o e e e e e o e e e et o o et e e e e et e e e e el

MG@EG&EBGBGGB98666366866983666666@638@6833603
BB INB D IRO 50 WO 100 W3 D100 1 5 15 15 10 B e o 0 B 010 B S el 16 s e 1 B s e
B B B e e e o Qe e P e e e b

2DINTNM NS 0D N TIRIN @ 0D U 0 Ty A0 U S P N O N O N O O 0 N ORI Y

e R R RS T R R R R R R PR RREER

Eﬁ.ﬁ@ﬁﬁ@_vﬁﬁ@.ﬂﬁ;ﬂ TPLODOOE tﬁ.ﬁ.aﬁtuaeﬁ LTRSS

shh B R R R R T N F R R LS LS L BB B REL LR EE

Lol R ok okl ol

Pl el ol o VTR el Rl o R < el LR R R RV RVt R RV AT o R Y R R i

§
£ :
844444444444444444444444444444444444444.444444

DRODONIAAANMANMDCODENOOUMNNNT T T T YT YTY Y Y

423
42 6

.é?f..t(d.ﬂ.*d:.oﬁﬁﬁ?1“.@.4%“35“.._H.]ll%“ﬂmum.. %%m-m,n
e ¥ K} (L' 20 28 VA1

rrYyTTvwTwwvevrveen BV VD I D 3

=
g

(]

8N

15 v




TABLE 4.3. Projected Costs for Materials and Services
for Median Growth with No Reprocessing
(in Millions of 1977 Dollars)
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4.5

unit conversions. To calculate total fuel cycle costs we must also take
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
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
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
though they may take place after year 2020. The total fuel cycle costs
can be converted to mills/kW=hr by dividing the discounted cost of fuel
cycle operation from Table 4.5 by the discounted kilowatt-hr 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=
mation for the case when uranium and pluronium 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
U3°8 resuit under this option. Some plutonium sales are recorded
beginning in year 2010 as 1ight water reactors are being retired from
operation. This treatment of the plutonium is necessary because the
NUFUEL model does not have the capability to shut down reactors
automatically. This approach allows the proper financial credits to be
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 1llustrates the cash flows and
Table 4.8 illustrates the discounted flows.

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 the fuel cycle
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
from Table 4.2 with 6% annual escalation.

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




TABLE 4.4. Discounted Costs for Median Growth with No Reprocessing
(in Millions of 1977 Dollars)

Discount Rate, 33

VEME  MINING UFe  EHRTCHMNT U FLEL  SPENT FEFRU Rl it e Pu 0¥ [MCR SPENT WRSTE PU SHEES  SPedl Toiet
HILE TRG Cotey Frik: FUEL TRAN TRENS STORAGE FrBE  FUEL ST iv‘:‘;ﬁu;gl FUEl DiopP
1892 7 44 4i7 1e@ (5] 5} g oot e ] iz A @ 49
1314z 2 e 477 156 " @ " on (SN 5] 9 17 9 i a8 1599
1959 S 43 S 17?7 d 5] 9 oan (S s ) 153 a3 a a 53 19478
1202 € 49 S22 16?7 S a u aa 0 a8 @ X 3] a o PR
1266 7 52 521 182 ¢ e B A 9o a 29 (4] 3] &4 Zie7
1315 3 54 t11 184 b (5] G e 8 v a 27 5] @ 65 2766
17361 6 56 657 195 16 (3] a a0 B an a 27 a a €35 2379
1401 2 a3 raz 15 16 a (S0 5] LA S ) a 28 0 a g 8 2967,
1475 8 53 VIR st ] 11 " (S5 ] a a9 a =8 a ] Ve Toss
1475 2 55 ’7i 299 11 5] 1 88 (SIS L) a 33 %) a i3 =987
145 ? b ) g 2 | 198 iz 3] a8 a g 32 a a 82 Sein
1454 @ (2L [ | 195 12 “ (R 5] 0oas a 33 " a =59 o % T
1552 L5 | 219 oA i2 5] 3 a8 B a9 0 35 @ @ &6 276
1542 @ [s] SR 195 12 (&) a aa a o @ 3 a ] 87
151 8 E ] i 194 14 5 oA s a it a il a7.
1512 3 55 7ot 189 14 “ (SRS K] [SEREE] a N " L] B¢
154 3 S5 42 155 i5 " Woma £ a 27, (3] . B
1574 6 S8 Fgte: 182 15 0 LSRRt aoan “ K4 &) a By
1451 1 S Jan 178 15 (5] aoen 1o a 7 g o 87
1454 8 55 3 172 15 a e Bo0a a 3T i 2] ah
1464 ? 54 59 166 i5 (5] (SR 5] (SRR E] a 6 A @ o4
1535 2 52 642 1ea 15 (5] oo 9 m a 5 A a i 2
1572 2 S €195 153 15 a a e a o8 9 395 a @ &1
167 9 43 582 147 15 (5] LA ] (SRR 5] 5] 35 0 o V2 2554
164+ 4 7 564 141 15 " B g oaa a 4 a ] Fe'd 476
1662 2 15 533 135 15 3] 9 aa (SIS ) a 3 ] o e 29493
175 S 43 Sae 125 14 5] oo A a 5] i Ve 250l
1742 3 40 77 120 14 “ 0 Bg 9 @ 0. a a i 2996
1786 8 = 454 114 14 % LANNS 5] (ARSI 5] 0 ] &7 2
1676 8 6 471 1a3 2 (5] SRR EICH Boan Q ©u 53 63 z
72t 9 34 4072 1inz 1z 0 o 80 0 5] (5] (5] 61
1633 6 22 254 9 13 (5] 0 o a 0o @ o 0 58
1524 7 31 62 g | 12 “ L (SRS L] a ] 5] 55
1494 7 29 49 a3 i2 ] 0o B o9 “ ] @ b %
1399 8 or <20 s ] 11 o 1 oaa " e o a a 4=
1209 2 25 o 11 “ @ G0 B @ 5 a 47.
1293 3 G 19 a ]  aa a Z1. ) a 46
1418 9 22 4 ia ] LR a aa a -4 a. 0 3
182? ? pe s i 59 9 @ B B0 ISR S ] a i (5 a 413
949 1 is : 54 ] (4] @1 a0 a o a is 5 a 3V
87319 17 E: 54 G 5} B oa a o a 17 “ i 24
95 6 ie G A 3 8] a0 v A (5] 15 0 “ 32
°2a 6 14 42 v a R 7 an a 14 a " &
652 7 13 52 37. Fd a i P a a0 a 13 n a Zv
A 4  EE T PN 2 e 44 “ (SIS (SRS} a 1246 5} “ 2876




TABLE 4.5. Process Flows for Median Growth with § and Pu Recycle
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Projected Unit Cost for Median Growth with U and Pu Recycle
(in 1977 Dollars)
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TABLE 4.7. Projected Costs for Materials and Services
for Median Growth with U and Pu Recycle
(in Millions of 1977 Dollars)
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TABLE 4.8. Discounted Process Costs for Materiais and Services

for Median Growth with U and Pu Recycle
(in Millions of 1977 Dollars)

Discount Rate, 8%

SECTHION 4 DICCONGTED FReess cosrs
CInd ML bons OF 1977 Dt LARS»

YR MINEHG U ENPLCHMNT U FuEL g REPFD u IHCE FU Mux  INCE SPend HASTE FU SHLES  SPENT Toint
MILLTNG Cores FAB  FuEt TRAN TRAHS STORRGE FRB  FUEL STOR DISPOSP? FUEL DISF

1977 1892 ? 44 487 160 @ " B an a g ) 15 “ @ 0 i713
198 1143 2 47 477 156 a " B g G 89 o 21 a @ “ 1845
1579 1159 5 48 55 177 (3] 5] B @ oo 7] 27 0 a a 1517
1 Sz o9z 6 43 S22 167 u @ 0. 6 £ 0a a 33 5 a u 1974
1 9t 1266 8 52 571 182 i) a a a9 " oan @ 39 9 0 & S1i8
1982 13153 54 11 154 5] a 2 68 0 0 @ 45 a “a 0 2203
1982 1761 6 S 657 195 @ “ a 8o @ a9 < S a a 5 2319
{924 1401 2 S2 7B2 196 @ 0 (S @ ua a be a @ @ 2412
1985 1409 1 52, 733 S 4 “ RS G o 5] a3 1} a f 2478
1988 13724 4 [ vE2 1598 ¢ 37 a az 9 v 3 &4 3 &) a 2583
1937 4324 2 95 764 193 1@ 63 a e’ G s 13 &6 3 @ 5} 2508
1988 1299 © 53 748 136 13 9 0 18 0 9o 33 &7 & a i 2505 - g0
1939 1260 9 53 754 1688 15 119 a 13 G a9 41 60 10 a i 2en7 e
199% 1218 9 51 749 134 17 175 o 16 9o 32 t6 i1 n f 2587 o
199 1260 6 49 D 124 18 153 a 1?7 a an 55 €5 1% a " 2539
1992 1238 2 948, J14 17 19 165 018 9 o0 58 63 14 a “ Z4m
1993 1199 5 46 659 165 0 175 8 21 9 09 62 en 14 a “ 2462
1954 1160 B 44 636 168 o4 182 a 24 RN €5 S 15 ) 0 242
1995 1111 2 4z A 155 23 187 0. 25 1 9a 66 95 16 “ " P
199 18d1e 2 49 S79 146 29 2 8 27 0 ag €8 51 i? “ 4] Zise,
1997 a2z 7 %3 S46 139 2¢ 225 A 295 a a9 2] e 19 0 ] 59
19985 Sz 7 39 526 171 27 236 0 A a9 e 42 o0 “ ]
19939 631 8 33 S92 14 28 245 8 o a0 e 32, 21 i (5]

S 6’6 9 ke 463 117 28 255 B34 a oA S 52 21 g 0

v vel @ 78 445 1o 28 260 n i% " o0 62 26, 22 " "

SR 712 5 24 182 a5 26 263 o 41 0 oy S0 2% 22 @ o

2 V51 6 24 6.3 94 24 243 A 39 L &6 16 20 @ (5}

g 742 8 23 158 9 23 225 B 33 0on 76 13 13 a a

s A Ji0 @ 23 =49 53 23 285 8 29 a a9 L i 17 “ 9

AOE 6’3 6 21 17 82 19 193 8 31 0 a0 66 =3 16 " &)

oz coan 4 o na e 185 179 0 23 (A ] 63 G i5 “ 9

2 716 1 13 20 iz 17 166 B 28 oaa &2 - 14 ] “

S £i0. % 18 67 a8 15 15% n 26 ] 56 4 13 @ 9

SRR s P 12 <5 &4 14 142 023 9 oo 53 3 12 a 0

sty 59 3 17 241 [ 1% 174 B 22 @ o 47 11 a a

a2 656 1 16 53 13 1.4 0o ] 45 2 16 12 0

S £51 9 14 o a4 1z 121 " 19 @ o 42 2 ta -33 "

SO €15 8 13 131 42 11 111 0 15 a 35 i 3 ~3%: 5

1S €44 a9 1= 176 44 1@ 10 " 1?7 @ 09 36 1 2 -39 u

S0 592 9 1 163 41 9 95 9 15 a a9 34 i 8 -31 t‘:‘l

S 7 S14. 5 19 1573 35 e a6 w14 0 o (3 | 1 ? ~49 0

st 411 3 140 35 t &1 "M o1s o a0 2 1 v ~26 3]

2119 454 9 8 25 21 e 4 a 12 0 ag 27 1 & ~14 5

020 4 2 s 112 o8 e €9 011 0t 25 1 & -8 Y

oTe 41652 9 1476 12995 8332 ol 9529 S "o 1566 1303 Ao ~232 0




{in Current Dollars with 672 Annual Escalation)

Projected Unit Cost for Median Growth with No Reprocessing

TABLE 4.7,

THCE St nv £ U YR oe
ﬁvﬁl

Trce v [ B

it

u

SEF WY

n

o
B BUPHED COMNYE

Frab  FUEL STuR
$/HG-HM 300 - ‘c‘R

oGk

>

Thet

1ﬂ

*q).ﬂ. b . B DB AN B AP S T DD DGV INM o
SR ERRREERTR P A BT B e p gl

~TOT  $70-Ta¥

-
-

$0H LM

$K0G- -

et

2.0 $.

tLe

4.1

&3770194.13.5451..;2687-.5.5_24?.“.5967.2.1.&?64 HRHRAR T D =0T D

P T - c4?1 l:( ~ P MRAL (1 oot B (7 e 11

cRBELT héswmwaﬁi gﬁ.Mﬁn M4m&. Nw.,?% i

4‘111 111.‘1’1?‘3&.: _..t.».u.z vy TTeTeln n&..b.b ﬂl?.xu NG “
-

641 4

BEEBIBRERBEREEREIRIB TR 2ERERETTBRERERABREEE 3

SESSPOOTITUCOSPODOTOVTLOCSOODSTTODOSHOI VOIS O

228 05D O U0 0 0 8 e K1 00 0 43D U M N DI e T e (D e D) 00 1D 0 1 T 0 o 0 e T P v e e o (D

(SRS

.:,..22::: MMM T TN DN O ORI 12 WP I D e OO -

e g e o et e e e e YT

£ 020 et ) IV P 0 s 100 0 05000 1 s P A S U A P v e 00 193 0 SO B DR I S D N e T

.u.
VG O ORI i T PD e OO IS A 2 NS ! .:4.%.‘09 N N R DG GE .
w 11.1..11.11..1.11’1.:_....t,..r&.,:;.,: MM T RIS e . ™

o

W903994538334353815685829 12381‘28?29156820086

SRR LR e BRI TNt IPS BRI RRNT AR
" a 4& 5 %w % ”m mm.{. ‘@mm .J _544

pEPSE AR SR AT H AR F AP o ST BB
11111i1111 N ¥ U

YRR R R R E R e RERREEREREEREBEERRES

-1 0B DL B LB LT Bl Lo B BB BT DB DDA DABAL AR DAL Dl ~Lf el <L <D0

o oo

YYYIYEIEEERTITINEUELEEEEERLLARTIUNTIALLLALINNG §
VODSOTSPOESDOOTTIOTPOOOCOIOCISYDITLSTTVOODERVIR ©

Wﬂ@t?d?.ﬂﬁid:c?&?iﬁi NAND ROV TRURNND TN o0 O

4 f .; ( .,c
<BHBERECANTRONBRRARRRENE DA N TLEELHNATRNAYY ©
v 2222.&‘g..........:334444 " 6 Pe e D %.& 1:.2!45&? 2

W e e g e e e e e

ma& ANN MY NAMIPAO NS NN TN DA NN P MM DD DI MO D M

NNON 0@ e IO Y SAMPDONIDR A R DD e NP DT -
D :./.....“.nkv.”&?.z:s 5344445%5666??.; _@ l:_.ﬁ.ciw LD 9
Eabat b R ol Rk R ok R ]
2 ﬂ..ru)”&u‘. MO Ol A LONOMATR R YYD Oty D
- 41:?. ? D 0 @ 1¥14 - oe .!40 Fa D @t AD MR 0 e g 10 O o
fﬁh%liz ) 4.75.&? %124.».% AT DR D boh 8 Dol AN B
4,.1.11.11.11.11.11.1.‘. L T TP c..._ 3333344415 OO O wae *
m669?64?a46133?1?11%4943n34226ﬂ3n3568??:5rruﬁ @
‘Ml,.a.? _r).winfw._o‘.:ﬂﬂo o 1w.1ﬂ4 N M ) D P D B 1) L g i g A
CRBREHNMDIGN BTN DEAT ..4% - T et MR RSB BN S T D1 WD
e v o o et 0 O ) g 00 0 5 O 0 14 9 ) (99 ) o o o o T A r,b -t (Pm“ N P
-
W-_bqﬁzcvﬁ?c) SHMHRNIP-MN TR TN OW D ORRNNRTDNOATTO e OMNANT D
!
TEUNEOVON R ERIRR oMM TECARDRR UM QR i h.mi DY O
W o e e o v ey 0 1 O T O 0 OGP M DT R DG O

Wﬁr.a?ﬁe.é.bzq_a?.(ﬁ3114498(45492335963?1645357@.31.4 "
S ol Al Al i L P R Y

) ka3 o - go r4
& e 20 & 15 4 ) B
oVTTRRRRGSRIREREE AR TNECTCRORLRERGRRTREEINE: &
-
P?da%le,Wﬁm?ﬂqﬂieBWMm?ﬂﬂsi §O A A R 0 0 D e N M DA A D O e
IS o w./« 5 R T . * ﬂ jmm.m, b | L) ot o o e oy S
X .5 AR ¥ wn_. Pt T e ey




TABLE 4.10.
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indicates little difterence in the first few years, but growing to 2
difference of 2 mills/kiW-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 resuliing fuel cycle costs
are, of course, substantially larger growing to 82 mills/kiW-hr in the
case of no reprocessing in year 2020.

In recent yea. many guastions about the extent >f uranium resources
and their influence on uranium prices have developed. Table 4.11 summarizes
the cumulative resource consumption for the median growth case with and
without reprocessing. These values differ from a summation of the uranium
requirements in Table 4.1 or Table 4.5 because adjustments are made for
imports, exports and by-product production.

4.2 SINGLE REACTOR FUEL CYCLE COSTS

Costs for fuel cycle operations for BWRS and PWRs over & 30-year life
Are reviewed in this section of the report. In the NUFUEL model the national
fuel cycle flows are derived by summing up the fuel cycle flows of individual
reactors. For plants which will start operation before about 1980, enough
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
model, plants data have been ysed. [t is the mode] reactor characteristics
that are mest typical of future plant additions., These characteristics are
based on submissions by vendors to DOE., The mode! reactor chiracteristics
were summarized in Table 2.2 in Section 2 of this report in terms of averages
while the more detailed annual requirements for fuel cycle services are
summarized in Table 4,12 for PWRs and Table 4.16 for BWRs., The NUFUEL mode)
adjusts the reload batch size each year to maintain annual refueling
schedules., This s best Tllustrated by referring to the uranium fuel
fabrication column in Table 4.12. 1In 1983, 114 MT are fabricated which
constitute the initial core. Reloads begin in 1586 stabilizing by 1990
into an equilibrium nattern maintained until year 2003 when the capacity
factor begins declining from 70% at 2% per year., In the reprocessing column
the associated spent fuel reprocessing is indicated including the 111 kilograms
of spent fiel from the final core. The projected unit costs are summarized
in Table 4.13 in constant dollar terms; the costs are consistent with the
case of median growth with yranium and plutonium recycle shown in Table 4.5,
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@ TABLE 4.11. Cumulative Uranium Resource Consumption
for Median Growth

U0gs 1,000 ST
™Y No With
Year Reprocessing Reprocessing
1977 1 1
1978 24 24
1979 38 38
@
1980 53 53
1981 68 68
1982 85 85
1983 106 106
1984 129 129
@
1985 185 155
1986 184 182
1987 215 211
1988 251 242
1989 289 275
i 1990 331 310
1991 372 342
1992 415 376
1993 463 812
1994 514 450
® 1995 568 489
1996 626 530
1997 688 571
1998 752 614
1999 821 656
® 2000 892 639
2001 967 741
2002 1,045 782
2003 1,125 826
2004 1,207 874
. 2005 1,291 923
2006 1,378 974
2007 1,466 1,026
2008 1,556 1,080
2009 1,648 1,136
® 2010 1,781 1,193
2011 1,836 1,252
2012 1,932 1,31
2013 2,0%8 1,370
2014 2,122 1,425
® 2015 2,217 1,486
2016 2,312 1,486
2017 2,405 1,601
2018 2,498 1,565
2019 2,584 1,709
2020 2,675 1,760



TABLE 4.12. Process Flows for 1,000 Mide PHE Unlimited Reprocessing

W MItiEHG 1 6 EHF LOMMET 1 FiEL SPENT  REPRIMESS  PU InCk FU mid INCE SPEnT MASTE  FU SALES SFENT  Taks
MILL 1hG Loy 1969 FRE FuEl TRAN TRANS STORRGE Frls FUEL STGE PISFOSA KG FISS FUEL DISF BE: o
townr ST 48w MY M-S 311 MT-HH MT-HM kG107 FG-TOT  HMF-HM HT-Hn STW‘M MT-Hh 2
195 "4 a 27 a 21 Fe- 9 " a 0 a 5 a 9 Ll o
15334 912 £ 94 A A " @ @ @ a a @ a a 9 a
oS 7 23 i 18 a 12 27 26 5] a “ (5] (4] o a 0 B
§ e " 12 ® 16 A f @ 26 2 a a a G “ “ a .
198 n 14 @ 11 @ 27 2t “ 185 i @ o (1} a a 5
s o O a i3 L5 21 24 26 235 a 4 o o a o a
1 S i 13 g a3 a 12 2 24 Z44 a 3 8 a a a a
1° 0 13 11 a2 %) 19 22 2322 a - @ 5] a 2, 3}
35 a 1z a 83 i2 22 2z 232 a S 5] 26 a @ v
B 8 13 a 6> 15 22 2z 2322 a S i} 0 a a @& 2
g5 e 12 & 82 19 22 22 282. @ S a Z6 5] 0 B
1554 ] 1= it 83 i3 22 22 296. a 6 i} 24 a 0 8 c
& ot @ 13 f1 82 13 22 22. 298 a € " 2 a 0 a &
1% 6 13 3 02 17 22 22 295 5} 6 a 22 a a 0 .
§ ¥ 34 K a8 92 3 85 1s 22 22 295 a € 0 a 0 a
R 12 nogre 0 an is 22 22 295. a € 0 a 0 @
1 s " 12 @ @3 a a7 is 2 22 a3 a & a 0 a a
it a1z B 8 a7 17 2z . ks b-d a 7 a a 0 )
Zimry 11 1 88 a a7 17 22 > = a 7 a a & a
s 5 111 a3 & a7 16 21 22 87, a i ] %) 1] LS A
e L o1t " as @ B i5 “1 e § 298, o 7 5] 5] (] L
Sty 1 18 5 a7 o o5 15 28 21 234 @ € a 22 a @ a
S #1419 a8 a7 3 B 14 15 pee 23 a 6 a o2 3 a 8z
R L 1 o11s a az 8 A 14 19 15 285 o € “u e 5] 5 S I
) 1o ¥ o 1 06 1= i ia 2V (3] [ " Zz i " (5]
20 G A% i} a8 a5 1z I 16 271 a & 0 1 a 4] £
e T £ e oS 43 17 kg 262 a € a 21 5] (4} (5]
e L) a 68 8 Bs " 8BS iz 16 Z 254 5} L3 i) o9 a ] (5]
11t 9 6 a8 85 2 55 i1 ie i6 246 a. - 3 “ i9 4] 0 8]
o 3 I 1 a7 a8 As @ a4 11 15 i6 239 @ S “ i9 a a 5]
Z ) a. a7 B2 95 a 24 ia 14 15 2z1 a 5 a i8 a 5} 5]
314 il Az n 8z B4 18 4 14 224 a S Q i2. a 3] a
e B -1 091 @ a1 a 13 a a v 1551 a a 0 17 3] o 0
Ferti 72 > 81 z 47 552 £55 €55 119 a 155 5 518 a 4

SL°Y



eprocessing

,000 Mie PHR with Unlimited R

Projected Unit Cost for 1
. (in Willion of 1977 Dollars)
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eprocessing

Projected Costs for Materials and Services

for 1,000 MWe PHR with Unlimited R

{in Millions of 1977 Dollars)
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,000 MWe PWR with Unlimited Reprocessing

evelized Process Costs for 1

{in Millions of 1977 Dollars)

Jiscounted and L

TABLE 4.15.

Discount Rate, 8%
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fABLE 4.16. Process Flows for 1,000 Mde BWR with Unlimited Reprocessing
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ted Reprocessing

(in Millions of 1977 Dollars)

i

Projected Unit Costs for 1,000 MWe BWR with

Uniim
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4.21

The annual costs are summarized in Tablz 3,14 and Table 4.18 for PWRs

and BWRs respectively. Each of the annual cost summaries indicate a

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.

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
same as we used in the previous constant dollar representations.

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
for PWRs and Table 4.31 for BWRs. The unit costs for fuel cycle services
and material were held at the same levels as the other single reactor
cases so that results can be compared.



for 1,000 Mde BWR with Unlimited Reprocessing

Projected Costs for Materials and Services
{in Millions of 1977 Dollars)

TABLE 4.18.
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,000 MWe BWR

Discounted and Levelized Process Costs for 1

with Unlimited Reprocessing

TABLE 4.19.

(in Millions of 1977 Dollars)

Discount Rate, 8%
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TABLE 4.20.

(in Million of Current Dellars with 6% Annual Escalation)

$/K0-HA

SPENT
FUEL DISP

MOR INCR SPENT WASTE PU VALUE
FAB FUEL STOR  DISFOSAL
*/KO-HM $/°K0-HM-YR  $°K0-HN 70 FISS

)

INCR FPU
STORRGE

PU
TRAMN

$/K0-1  $/KG-HN  $7KO-HM  $70-TOT $7G-TOT

$/SHU

$/7Kk3-U

w WL AN D D P AR Y P @M TD P O O P O = DD D e

ol A P 15 4 15 0 VA 0 A 8. T OB+ 1 0 1 3 95 6 w8 2
ﬁﬁmmmﬁW124 ?87246803%ﬁ1mki$%:?26

24
y
.1 PUOIN OGN MMM MM T T T T UAIN N WO O T 00100

BB2BEB2BBEBEBIBIBEE22BE3BRBETE2ER

NW‘193892?2939151014880424Q~8189?97.1.

SR ARM RS YO RRE B BN RERE BTN ST ANE

111111.11.1..11

ws1853998?ﬁ|3914?2? MDD NN D0 =D =D DR M

a11234456?3923 8 135?625?%3ﬁ 3?
10 et red 1o et e e et et e e e O U Y .2 MMM T T T L)

53838435381590532912381‘.23729156@
% {09 ) 9.1.»9.16_( P L] ﬁ 12

o«
Bmsm 0040 )+ 3 3 10 9 MR
- DI R
4555 MBS hAS ol o ek 111&1 22?5 A

EEBBE222E2383288220888322 288828388

CEEEPEESS LT AA L L RP R R R

93 9 o M O M D Ot M I NI P
2 «mm sgEatrReLdanenTne
222 MMrMMTTT T LN s ST ) 83.12
111111

369395289914841613?423?3238183253
vl o 00 O D e 10 el O QS DD I P

O 22 ....: WONAD 9."..&@19? ™M
e e e

W28294014?17.39385536498.&.66.{..&654452
6”64198? %% 3.5 HOHN O ERNLDRNDHEMN T
10y

nNon 991245 HAMO Pt DD
vt e 0‘..;’:57.3 TETTNINNOVOON

WTG.‘..O.IBOZJQ.?31548439342?699633637?3
3%913581%40 M TN OMMINDM et 2?
Wy ™

SMINWG - P GO NHAMODNDONOD YD
6111111 2222;%2F33333344445&566 0

W59382?384e?41986666?325940?3445?1

667788995112334..)6.(99.4.:.__(.4:(_5.941.5:;?.9.g
e R e L o R R AT I IS T B T At D T o

m62902?93116462415513?886415616964
Y O I e P 19 5 N 105 0 40 10 1 ot 0 100 1) O O O P A R

656 PP P 0G0 » .:.::456?.&,»..'._24rﬂ.ltid%."a.}f
1.1.1.1.1.1.11114:5.......:.:_4.4455t.t

p
) 4
g PHCOD

Lt :::.f> c:mv u




TABLE 4.21. Projected Costs for Materials and Services
for 1,000 MWe PWR with Unlimited Reprocessing
(in Millions of Cerrent Dollars)
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Discounted and Levelized Process Costs for 1,000

Mile PHR with Unlimited Reprocessing

(in Millions of Current Dollars)

TABLE 4.22.

Discount Rate, 8%
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TABLE 4.23. Projegted Unit Cost for 1,000 MWe BWR with Unlimited Reprocessing
(in Millions of Current Dollars, with 6% Annual Escalation)
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TABLE 4.26. Process Flows for 1,000 Mide PWR with No Reprocessing
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Projected Unit Cost for 1,000 MWe PWR with

No Reprocessing
(in Millions of 1977 Dollars
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Projected Costs for Materials and Services

for 1,000 Mde PWR with No Reprocessing

(in Miliions of 1977 Dollars)
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,000 Mide PWR with No Reprocessing

Discounted and Levelized Process Costs for 1

{(in Millions of 1977 Dollars)
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TABLE 4.30. Proces. .ows for 1,000 Mde BHR with No Reprocessing
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with No Reprocessing

Projected Unit Cost for 1,000 MWe BWR

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

{in Millions of 1977 Dollars)
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4.36

G~ R I D0 DT T I IV ENT TR DS TS DV e, o Ve Ty B T L e Ty 0 05 o] WP v JUSTe ._U_?.uoq-
ﬁ MM MM O P A PP M P A A M A e o
e et
> -
‘I-

ﬁ. VT S G D OO O T O 0 00 o o ot 1o o o o e e ot o [ [
- -
I

ﬁ DVOLODDIODOUSTODDODOSDYDDS0ST00DDHD

WhWB&GGBﬁﬁéﬁﬁ6063306683&3&90@6&6@86@6
:

c |
-z
ot
MM 0036@811111111lllllliiiiiltiliillﬁ
Eod
£
e
t& OO0 IOICIOOTIICOCDSOVIOLUIDSD
£L
sy BEEEEEREEEEE2ERRRRRRRRRREEERERR5ER
Hm POOVIDDHOPIDCIOPIIIEOOOOTOT OSSO DD
mm
oy

SOPTEODVOCEOTOOITCOVDSCHTOCTCHOCD T DTD

mm BB EE e BB e RRERREREBREER3EEs

POYEVILOVOCOOIIOOICDOOPOTSSCLSED SO

b4
>
m OO RerePITOOISTPORCTS OO OO LN
g 4
-
-
> B
i
3
e A8 G0 (0 VNIV O NG NN O N S0 0 O O O 2 0 O 55 O O O 0] et et o 1) mﬂ.
- i
=
p
oo .1.031,.39.&99399.?.&889tﬁ???.?.tc.ffrﬁr\s_ﬁ:‘.h
m ~
[
—
s
Y e e L b L R L L Lo e e g g g g g gusgu g L0 U4, L
-t
o
&
5%
r_,
Wﬂ ARRUNYERMNNMNOODDDIRVTANOTRIVOVOYYOYRINE D
A0 MO AR AR A R 3D St CU R 08 G 1D Y e G B D
b b bbb b e ke L R T R E R S T O R T R ] ]
bl
o
£
MEGEADAR MY DA RANMTD PR OADEAIMT I
§ BRRRERRITIRIRSRRIRRRRRRERRE s zRes
ﬁ T o e o 4 e (o g P J.Aﬁtm.ga;.)..c WO -



,000 Mde BWR with No Reprocessing

Discounted and Levelized Process Costs for 1

(in Millions of 1977 Dollars)
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APPENDIX A

EXAMPLE UNICST RUN WITH PLANT BUILDING SCHEDULES



PLENT NUMRER 1 2 3 3
LEaRNTNG
YE4R pFManD CURVE CaPaCiTyY THRUPUT CAPaCITY THRUPUTY CaPaCITY THRUPUT CAPACITY THRUFPU!
.- -——— - - - P L T L e et T R R aRe Lcowmmew PR ey memesseee
1 i%e? 0,0 0.9000 8,3 9.0 6,0 0,6 2,0 6,0 0,9 0,0
¢ 187¢ 0,0 ¢, 0000 0,0 0,9 v,0 0,0 0,0 0,0 0,0 e,0
3 197 o,n 0,.6000 2,0 a9 0,0 6,0 0.0 0,0 0,0 0,0
4 1972 0,0 IOLIL 0,0 0,0 0,0 0,0 8,0 0,0 ¢.a 0,0
S 1878 0,6 1,00e0 L 9.0 9,0 0,0 0,0 0,0 0.0 6,0
& 1974 ens b 1,0200 300 n 403 o 0,6 0,0 6,0 8,0 0,8 0,0
7T 1518 InT,. 5 1.6030 500 .0 57 .8 9,0 0,0 9,0 0,0 0,0 0,0
8 1975 534, 8 1.0150 1015,0 S34.9 0,0 0,0 0,0 0,0 0,0 0,0
9 13717 05,0 1,0302 1030, 2 885 0 8,0 9,0 0,0 0,0 0.0 0,9
16 1274 LRSI 1. pas5? 10a5,7 Te% 1 a,0 0,0 0,0 0,0 6,0 0,0
11 1379 Jpd, .k 1.0%18 1061 8 916.5 n,o 0,0 6,0 0,0 0,0 0,0
12 1930 (248,42 1,0773 17773 Suk 9 355.% 29¢ .9 0,0 9,0 0,0 0,0
13 i95%Y go07%,9 1_nS3a 109% 4 bue 9 21,7 627,0 0,0 0,0 0,0 e,o
19 1982 jei7.8 i, 1098 119,98 1789 1225,8 £57,9 0,0 5,0 0,0 0.0
1S 192% gele 8B 1,1248S 11265 798 .S 1239,1 378,12 0,0 Q,0 0,0 0,0
15 1338 2al%,5 §, 1430 f1e3 8 a8 1 12577 1085.° 0,9 c,0 9,0 ¢, 0
17 1335 215%.4 1,1565 11605 1025 4 1276,5  1128,0 2,0 6,0 0,0 0,0
18 103 2y4at,.e 117129 1177, 1919 3 1295,7 11¢81,5 [ 3,0 0,0 0,0
t19 1337 pusS.0 1,19586 119,86 1159.5 1315,2 1275,5 c,0 e,0 .0 0,9
20 138F  2741,1 1.213% 1213.6 080,38 1826,3 16c20,.6 0,0 0,0 0,0 6,0
21 1959 5757 .0 1,2%18 1231 .8 t102 AR 1347 ,6 1654,2 9,0 0,0 0,0 0,0
2¢ 1S3 2%u2 .S 1,2%02 1250,.2 1177 .0 1875,3 1785,5 e,0 0,0 0,0 0,0
23 1991 33u5.¢ 1,289) 1269 ,0 1037 3 1903,9 1631,0 685,83  Su7,14 0,0 0,0
2% 193> 3132 .3 1,2°%0 1273 0 9a¢n 3 1932,06 14195 191,1 1022,0 0,0 0,0
5 18%% 7Ie35,% 1,.3078 {307, 8 a%5 0 1981,0 1228 1 2353,2  1524,7 0,0 B:2
25 13%a 1822 % 1.8270 0.0 5.0 1990,4 17374 2388,5 2084,9 0,0 €,.0
27 1838 3249 2 1,3489 0.0 0,0 2020,3  745,1 2424, 3 2094,y 0,0 0,0
28 1946 3990 .6 1,367 o0 5.0 2050 .6 1813.7 2o T 2176,4 0u0 0,0
2% 1997 we1a2,2 1,4R78 2.0 a0 201,53  1852,2 2297, 22594 0,0 9,0
3¢ I13YR a1on.3 1 4039 2,6 0.0 2itd, 0 1875.5 2519, 2251,2 g,0 0,0
31 1379 @229 14 1, 429% ¢,n 0.9 2143, 8 1922.3 2573, 1 2%0%,8 3,0 6,0
32 cavd  8122,5 1, 4899 c.0 9,0 0,0 0,8 ¢oll, 7 2011,7 783,5 783,5
33 Zput 42306 1,8%27 e,n 0,0 0,0 6,0 2650,9 2630,.5 1590, 1%59¢6,3
34 2092 at1s3 2 1, u9a® a,0 0.0 0,0 0,0 26%0,6 207e0,8 2690,6 2076,&
35 2003 ads2.S 1,512 0,0 o.n 6,0 0,0 2751,06 21841,3 751,06 2181,3
36 2nua n,0 0, 0060 3,0 0.0 0,0 0,0 2731,0 2181,.3 2731,0 2181,3
37 2065 9,0 1,3700 9, ae 0,0 0.0 2T51,0 2131,.3 €731,0 2161,3
38 2ous a,0 0, 0000 0.0 2,0 8,0 0,0 2751,0 2181,3 e?51,0 21€1,3
39 2507 0,0 0, 0000 6,0 0,0 0,0 0,0 e731,0 2181,3 c731,0 _2184,3
40 enuid 6,0 2,0000 a.n 0.0 6,0 0,0 2751,0 2te1,3 2731,0 2181,3
41 Zou9 2,0 u, 0000 0.6 0.0 0,0 0,0 2731,0 21861,3 er3t,0 2181,3
42 2nto0 0,0 0, 0000 LN 8.0 0,0 0,0 2751,0 2181 .3 273:,06 2ts1,3
43 2011 0,0 0,.0000 o,n 6,0 0,0 0,0 o 0,0 0,0 eT31,0 21e1.3
43 2a32 0.6 06,5000 0.0 8.0 U, 0 0,9 0,0 0,0 e?31,0 21861,%
4% 201 % 0,0 4_0na0 o.n 0.0 0,0 0,0 0,0 0,0 e731,0 2181,3
48 2piu 0.0 0_0000 0.0 a0 0,0 0,0 0,0 e,0 er31,0 2151,3
27 ¢nis n,0 0,anpo 0,0 0.0 0,0 0,0 0,0 9,0 2731,0 2181,3
8 2r1s ae v, enp0 0,0 0.0 0,0 0,0 0.0 0,0 2731,0 21561,3
19 2a17 0,0 0,9n00 0.0 0,0 0,0 0,0 2,0 0,0 e731,0 ¢161,3
52 2p18 0,0 90,0000 o,.n 0,0 0,0 0,0 0,0 a,0 e731,0 cgist,}
S1 2619 9,0 0,0000 0.0 9,0 0,0 0,3 9,0 9,0 e731,0 2181,3

2=y
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URanNTuM FuFL FeeMiCallng
FLANT NUMSER 1 PLANY CaPaCTY gog0,
CASH FLO® ANALYSIS IN MILLIONS UF DOLLARS

= STUDY CONDITIONS -

FEDEPaL INCO%E Tax RATE IS 49,0 PC71 CASH L 0w DISCOUNTED TD 193

STATF INCUME TaxX ®aTE [s 7.0 Pgt INCOME Tax LOSSES wRITTEN OFF

STaTF Fgvewnuf Tax Ralg S 4,0 PcY SUM OF Ye2RS DIGITS QEPRECIATIGH USED

FeNe ak SuRTax RaTF 15 0.9 °o¢Y PRODUCTION UNITS = TONNES OF WKEAVY MgTal

TNVESTYYENT CREDTY RAlE 15§ 7.3 MY

INSuR STatTg " INCUME STATE a JNVESTe INCOME LEY

PLany UNTITS REVEMIUE  caP[Tal WOR®RING 0OPEwR, BoNxD & PROP REV, TOTAL BEFURE FECEWAL MENT LFTeR LasH
vEsg PAgNUCED (S& ES) COSTS CapItTa  (gs” “Tovy  In¥, TAXES TAxFS ExPENSES TAXgS TAXES CREDIY TRXES FLu~
19459 0,0 .0 0,0 0,0 8.0 0,0 0.0 n,0 0e0 () 0,0 0,0 ¢,0 2,0 6,0
1970 9,0 0,0 2.0 9,0 0,0 0.6 0.0 9,0 0.0 0,0 0,0 6,0 9,0 9,0 8,2
1971 5,0 n,n 0,0 0.0 0,0 0,0 0,9 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
1872 Hn,0 n,n 8,0 0,0 L 6,0 6,0 a® 6,0 2 -2 -,0 «® :9 7,5
1973 0.0 n,o 1A A 9,0 N6 0,0 i S 0,0 o7 -7 -i,7 1,3 1,0 -j7.8
1974 94,6 im0 13,2 10.v 67,4 3.9 oS .8 1.5 St.u 16,0 9,4 ? “T,0 =2b,4
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URANTUM FUEL FereRICaTION
PLANT NuUwAER 2
SuMMiRy RePORY

BASED On A4 RETURN TO EGUITY QF 12,0 PCY

LEvELIZED CAPITAL CHARGES = 2,98 $/kG

LEVELIZED EXPENSFS 3 Be,18 S/%6

10TaL LEVELTZED PRICE = B9,18 $/x6

CALCULATED INTERNAL RETUSN ON EQUITY = W1 PCY
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URaANIy™ FUFL FARRJCaTiON
PLANT NyUMKER 3
SuMMARyY REPQRY

BASED 0% A RETURNW TO gQUITY OF 12 6 PCT

LEVELIZED C2PITAL CHaFLES = 2,50 $/x6
LEVELIZED ExPENSES = To 33 $/¥6
10Ty LEVELTIZED PRICE = 78,63 $/K6

CALCULATED INTEwNAL RETykN ON EQUITY «1 FCT

"

8=y
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URANTUM FUFL FAaBRICATION
PLANT NUMARER &

SUMMARY REPQgRT

BASED on A RETURN TO EUGLITY GF 12,0 PCY

LEVELIZED CAPTTAL (H2ERGFg
LEVELTZED EXPENSES
TOTAL LEVELIZED PRICE

CALCULATED INTEnNaL 2cTuSN ON EGLUITY

2,86 $2xG
66,19 3/%6
65,05 #/Ke

o1 PCY

OL=y
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HEGSINNING

vid=

1977
1978

L1 .

———

1980
1981
1982

A-12

AVEWAGE LeVELIZ2ED COST

1983
1984
1948
193¢
1987

1959
199¢
1994
1992
1993
19094

1998
1997

1996-.”*

1999
2000

& aof, JOREI

e g

.. 94,168

23,524

9u,168-
Su,163%

92,925
92.178
91,544
91.544
91,544

91,.%04_ =

91,544
9¢,544
81,1458
91,163
91.163
Rg,972

87,402
Rg ,909
83,524
83,524
83,524

81,524
83,524
76,0880

2001

2902
2003

2064

2009
2006
2007
2008

2009

2010
2014
7012
2013
2014
2018
2018
2017
2018
2019

75,012
73,740
73,740

e — ————. 2 et o

73,740
73,740
73,740

73,7490
73,740
73,740
73,7490
68,681
62,651
SR, 651
SR,051
68,68
LI L
bR, 681
6R,8651
58,651



