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Introduction 

The reprocessing of spent nuclear fuel has been practiced in several 
nations. Estimates of its highly capital-intensive costs can be based 
on both experience and design studies. Three basic cost components must 
be included in a comprehensive analysis, namely, capital cost, operating 
costs, and cost of capital utilization. 

In most previous studies conducted in the US and other nations on the 
subject of reprocessing costs, the focus has been on the process and on 
the physical and operational characteristics of the facilities them
selves. It is also important to consider the cost implications of 
domestic ar.d international safeguards, facility decommissioning, and 
on-site handling and processing of the various radioactive wastes. All 
these factors are important to obtain a realistic reprocessing cost 
estimate and also should be addressed in Subgroup 43 to obtain a net 
economic assessment of recycle. 

The three basic cost components must be based on the nature and scope 
of the spent fuel reprocessing complex itself. Work in Subgroup 4A on 
Task 3 and on alternate reprocessing methods will provide considerable 
detail on such a complex. For the purposes of analysis and discussion 
of costs and economic factors in INFCE Working Group Four, it is suf
ficient to estimate ranges of the individual cost components. Ranges 
arise both from variations in assumptions appropriate for different cir
cumstances, and also from the inherent cost uncertainties. 

The economic assessment factors which we submit with respect to Task 5 
are prepared with the above considerations in mind. To the extent prac
tical we have utilized categories contained in INFCE/WG4/6, grouping then 
under the three basic cost components and amplifying where necessary. 
Part I presents the economic assessment factors themselves; Part II, to 
be presented at a future meeting, will illustrate these factors and the 
range of numerical values with references to the US experience and that 
of other nations. We solicit comments and suggested values from other 
delegates in order to arrive at economic factors (listed below) suf
ficient for INFCE needs. We request response from other delegates by 
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This paper treats the three basic cost components for a reprocessing 
facility which receives spent fuel and generates Pu02 and UF6. Addi
tional items of a similar nature must be established for the corresponding 
fuel refabrication facility. 

Capital Costs 

The capital cost components of reprocessing can be subdivided many 
different ways. The following subdivision is a suggested tabulation of 
capital cost areas: 

Site acquisition 

Project licensing 

- Separations facility 

o Head-end 

o Partitioning 

o Purification (Pu and U) 

o Waste stream concentration and acid recycle 

o Solvent treatment 

o Off-gas treatment 

- On-site .taste treatment f a c i l i t i e s 

o High-level waste 

o Intermediate-level waste 

o Low-level waste 

o Gaseous waste 

o Failed equipment 

Pu(1103)4 Conversion Facility 

- UF6 Facility 

Interim product storage 

o Pu(N03)4 

o Pu O2 

o Uranyl nitrate 

o UF* 
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- Analytical laboratories 

Utilities (normal and emergency) 

Support maintenance 

Ventilation 

Administration and support facilities 

- Transportation fleet (spent fuel, products and wastes) 

Special facilities associated with safeguards, environmental 
protection and other institutional considerations 

These cost elements can vary widely depending on the particular circum
stances of the facility. An appropriate range of costs will be provided 
in the illustrative amplification of Fart 11. 

Operational Costs 

T^e major operational cost components associated with reprocessing include: 

- Maintenance 

Salaries and overheads 

- Replacement equipment 

- Transportation costs (spent fuel, products and wastes) 

- Taxes and insurance (including depreciation) 

Energy costt» 

- Chemical costs 

- Product and waste containers 

Site decontamination and decommissioning 

These costs vary throughout the life of the project and can be expected to 
be different for each of the operational phases such as startup, normal 
operations, and site decommissioning. An analysis of operational costs 
over the life of the project must consider such variations. Not Included 
In the above tabulation of operational costs are the costs associated with 
off-site interim storage and disposal of waste. Such costs can be allo
cated against recycle using Information from INFCE WG7. However, for some 
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lnstitutional arrangements it may be appropriate to consider allocation 
of waste disposal costs under reprocessing. 

Cost of Capital Utilization 

In assessing the cost of capital utilization the following items must 
be considered: 

The ratio of equity to debt for the project 

Expected return on equity during both the construction and 
operational phases of the project 

Interest rate on the debt portion of the financing for the 
construction and operational phases of the project 

\ - Operating life of the project 

Time required to design, construct and license the project 

Again, particular facilities differ considerably in their financing 
arrangements and, hence, in cost of capital utilization. 

Unit Cost of Reprocessing 

In estimating the unit cost of reprocessing the three basic cost cate
gories must be used in addition to the following factors that affect the 
realizable plant throughput: 

Designed annual facility throughput 

Allowance for maintenance downtime 

Allowance for special campaigns and situations 

' - Limitation on production capacity due to special domestic 
and international safeguard requirements 

In Fart II, the unit cost of reprocessing will be illustrated with appro
priate ranges of variation for the several factors. 



CO-CHAIRMEU/WG.4/25 (A) Rev. 1 
15 September 1978 

U.S. Delegation Submission to 
INFCE Working Group Four 

Economic Assessment Factors 
Relating to a Spent Nuclear Fuel Separations Facility 

PART II 

Introduction 

Part I of this paper was submitted to Subgroup 4A at the March 30, 1978 meeting 
in Vienna. Part I set forth the three basic cost components of a comprehensive 
economic analysis of a operating facility, namely, capital costs, operating 
costs, and cost of capital utilization. Part I also listed the various components 
of each one of these cost areas. 

The purpose of this paper, Part II, is to first suggest a relationship between 
these respective cost areas, secondly tabulate a range of costs, and third to 
develop unit cost numbers for separations. While there are several complex 
methods of relating the various cost areas and arriving at final unit costs, 
it is the intent of this paper to present a simple and flexible system of 
determining unit costs for spent fuels separations. 

This paper only addresses separations of spent nuclear fuels. Other facilities 
of a nuclear fuels reprocessing center, such as on-site waste treatment, 
Pu02 conversion, UF, conversion, and various transportation operations are not 
included in the following evaluation, but the approach suggested for determining 
unit costs could be applied to other operating facilities. A Part III paper 
will be prepared which will address these additional facilities. 

Capital Costs 

The following equation is a suggested method of determining capital costs. 

Annual Unit Capital Cost * 

[(Initial capital) + (Interest on Capital During)! x (Annual capital) 
^ cost Construction Period »J Recovery Factor 
(Annual Nominal x (Fraction of plant capacity achieved) 
Design Capacity) 

The above equation considers two of the three cost areas, capital costs 
and the cost of capital utilization. The cost of capital utilization, as 
discussed in Part I of this paper, is represented in the above equation as 
"Annual Capital Recovery Factor" and is itself composed of the following 
components: 



- The ratio of equity to debt for the project 

- Operating life of the project 

- Expected return on equity during both the construction and 
operational phases of the project 

- Schedule of capital payments 

- Tax considerations (e.g., tax credits, investments, income) 

- Working capital requirements (payrolls, inventories) 

While "Annual Capital Recovery Factor" can vary from year to year it will 
be assumed by this paper to be a constant factor throughout the life of 
the project. 

The third cost area is operational costs and composed of following cost 
components and cost ranges: 

- Maintenance and equipment replacement 

- Salaries and overheads 

- Insurance and licensing fees 

- Energy costs 

- Chemical costs 

- Annual payments to establish a decommissioning fund. 

The sum of these operational costs on a yearly basis divided by the yearly 
facility through-put equals the operational cost of reprocessing. 

Annual Operational Costs of a Separations Facility 

Maintenance and equipment replacement costs are usually estimated as a 
function of the capital costs of the operating equipment of the facility. 
The average annual maintenance and equipment replacement costs for a chemical 
plant ranges from 5 to 7%, For the purpose of this paper it will be assumed 
that the annual maintenance and equipment replacement costs is 5% of capital 
costs of the operating equipment or between $10 to $20 million per year. 

The salaries and overheads are assumed to be based on a staff of 400 
people costing $20,000 per person per year. This results in a cost of 
$8 million per year. 
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Insurance, and licensing fees, are also estimated on the basis of capital 
costs. Assuming a 1% per year rate the insurance and licensing fees costs 
range from $4 to $8 million per year. The combined chemical and energy 
costs are estimated to be about $2 million per year. The annual payment 
to a decommissioning fund is assumed to be $2 million. 

This results in a combined annual operating cost of between $26 to $40 
million. Again, it is important to note that these costs are associated 
only with the separations facility of a nuclear fuels complex. 

Capital Costs 

A reprocessing complex can be defined to include a larze number of sunoorting 
facilities, but for the purpose of this paper a separation facility will be J 

limited to the following process units and support systems: 

- Spent fuel receiving and storage 

- The separations plant 

* Head-End 

Co-decontamination 

" Partitioning 

* Pu Cycles 

' U Cycles 

* Solvent treatment 

. Acid recovery 

I * Off-gas treatment 

Process waste collection and concentration 

' Liquid product storage 

. Liquid waste storage 

- Administration and personnel support facilities 

- Laboratory Facilities 
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Capital costs are defined as all costs required to bring a facility into 
operation. This includes not only direct costs for equipment and building 
but also the cost of engineering, administration, and regulatory activities. 

The capital costs for a 1,500 MTU per year separations facility could 
range from $400 million to as much as $800 million. Other on-site facilities 
of a nuclear fuels reprocessing center required to support a separations 
facility include such facilities as Pu(NO-), to Pu0~ Conversion, radioactive waste 
treatment, and UNH to UF, conversion. A more detailed discussion relative 
to these other on-site facilities will be presented separately. 

Annual Capital Recovery Factor 

The concept of an "Annual Capital Recovery Factor" is expressed in the 
IAEA document "Regional Nuclear Fuel Cycle Centers" as a "Fixed Charge 
Rate (Z/a)." The range discussed in the IAEA for a "Fixed Charge Rate" 
is from 12.5% to 25% per year. The range assumed for this paper is 10% 
to 32%. 

The last factor to be considered in the equation defining annual capital 
costs is "Interest on Capital During Construction Period." This factor 
is determined first by length of time the project requires to reach hot 
operations and, secondly, the rate of interest on the capital. For the 
purpose of this paper, a range of 0.25 to 0.55 of the total initial capital 
will be assumed. 

Summary and Calculations 

The following is a summary of the results of the above assumptions: 

Range of Assumed 

Values Characteristic Value 

Initial Capital Costs 400 to 800 x 10 600 x 10 

Annual Capital Recovery 

Factor 10 to 32% 
Interest on Capital During 0.25 to 0.55 of 
Construction Period total capital 0.4 

Annual Nominal Design fi 6 

Capacity (300 Days) 1.5 x 10 Kg 1.5 x 10 Kg 

Fraction of Plant 
Through-Put Achieved 0.75 to 0.9 0.82 

Annual Operating Costs 26 to 40 x 10 33 
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Utilizing the above assumed values in conjunction with the equation presented 
earlier, two calculations can be made. The first calculation, using an 
"Annual Capital Recovery Factor" of 0.10, reflects the approximate cost of 
separations under financing typical of a governmental project. The second 
calculation, using an "Annual Capital Recovery Factor" of 0.32, reflects 
the approximate cost of reprocessing under financing typical of a high-risk 
industrial project. These respective calculations including both capital 
and operating costs result in a range of separation costs from $90 (Government) 
to $240 (Industrial) per kg of spent fuel heavy metal. 

Again it is important to note that the above costs represent only one facility 
of a nuclear fuel cycle center, namely, the separations facility. The following 
appendix provides a more detailed set of values of the type that might be 
used to input to a computer for detailed economic evaluations. The basic 
method of calculation is the same as presented by this paper. 



APPENDIX A 

Procedures for Estimations and Typical Assumptions 

The following develops another suggested procedure for estimating the 
unit production costs of reprocessing, illustrates the effect of changes 
in the various parameters, and provides an example calculation. This 
procedure is commonly utilized within the United States. 

Suggested Formulation 

The suggested formula for computing unit production costs ($/kg in 
constant dollars) is: 

(C + C + C ) R + 0 + D 
$/kg • D O C 

XF 

where 

C_ * design and construction cost, $ millions 

C * owners costs during construction, $ millions 
0 

(C + C - "direct capital") 

Cp - charge on direct capital during construction, $ millions 

R » annual fixed charge rate on capital, fraction per year 

0 * annual operating and maintenance cost, $ millions/year 

D * annual payment to establish a fund for decommissioning, 
$ millions/year 

X * nominal design capacity of the plant, millions of kg/year 

F • fraction of design capacity achieved 

Typical Economic Parameters 

Typical economic parameters that may be used to calculate values of the 
fixed charge rate, R, in the suggested formula are presented in Table 1. 
Capital cost structures, taxes, and schedules of construction costs, 
owners' costs during construction, and on-stream efficiency are shown for 
conditions that are typical of financing by a government, a typical chem
ical industry, and by an industry experiencing high risk. 



Table 1 
Typical Assumptions Used for Discounted Cash Flov Analysis 

Project life, years 
Construction period 
Operating period 
Decommissioning period 

Capital structure 
Equity, Z 
After-tax return' on equity, Z/year 
Debt, Z 
Interest rate on debt, Z/year 
Weighted avg. cost of money, Z/year 

Taxes 
Federal income, Z 
State income, Z 
Property taxes and insurance, Z 
Federal investment tax credit, Z 
Tax depreciation method 
Tax depreciation life, years 

On-sLreao efficiency, Z 
Years 1-6 
Year 7 
Year 8 
Year 9-26 

Owners cost during construction 
(Z of annual operating cost) 
Year 1 
Year 2 
Year 3 
Year 4 
Year 5 
Year 6 

Capital cost9 (% of total) 
Year 1 
Year 2 
Year 3 
Year 4 
Year 5 
Year 6 

Derived fixed charge rate 

Charges on capital during construction 
(Z of direct capital) 

Type 

Government 

6 
20 
3 

0 
0 

100 
7.5 
7.5 

0 
0 
0 
0 
-
-

0 
33 
67 
100 

5 
10 
20 
30 
40 
40 

2.5 
6.5 
18.2 
44.2 
27.1 
1.5 

0.1077 

24.89 

of Financing 
Typical 
Industrial 

6 
20 
3 

65 
14 
35 
8.3 
12.0 

48 
3 
3 
7 

SYDa 

16 

0 
33 
67 
100 

5 
10 
20 
30 
40 
40 

2.5 
6.5 
18.2 
44.2 
27.1 
1.5 

0.2259 

36.56 

High Risk 
Industrial 

6 
20 
3 

100 
15 
0 
0 
15.0 

48 
3 
3 
7 

SYDa 

16 

0 
33 
67 
100 

5 
10 
20 
30 
40 
40 

2.5 
6.5 
18.2 
44.2 
27.1 
1.5 

0.3161 

54.50 

a 
Sum-of-years digits. 



Based on a study by the Battelle Pacific Northwest Laboratory, the typical 
costs for the decommissioning of a spent fuel reprocessing plant were 
estimated to be the equivalent of 2 yeart. of normal operating costs over 
a 3-year period. If one assumes tha" a decommissioning fund is set up 
as an annuity earning 7.5% interest, cne annual payment, D, over the 
20-year life of the facility becomes: 

D » 2 x (annual O&M cost) 
43.3 

4 
1 

Using the parameters of Table 1, fixed charge rates and charges on capital 
during construction were calculated with the PUP code. This code uses 
the discounted cash flow procedure in a trial-and-error mode. By iteration, 
a product price is found such that the annual cash flows are just sufficient 
to recover the investment, pay all of the operating expenses of the 
facility (including taxes), pay the interest on debt, and earn a specified 
after-tax return on equity. 

The derived fixed charge rates and charges on capital during construction 
are shown as the last two lines of Table 1. 
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Co-Chairmen/W6.4/25(A)Add. 1 

Separations Plant Cost Breakdown 

Introduction 

As indicated under section 7.1 of INFCE/WG4/51 (A) the U.S. Delegation 

had offered to provide a more detailed breakdown of costs of a separations 

plant than was provided in Part II of the U.S. economic assessment paper. 

(Co-Chairmen/WG4/24 (A)). The following is an approximate percentage of 

capital costs associated with the specific areas identified in the U.S. 

paper. 

Separations Facility 

o Head End 

o Co-decontamination 

o Partitioning 

o Pu cycle 

o U cycle 

o Solvent Treatment 

o Acid recovery 

o Off-gas treatment 

o Process waste collection and concentration 

o Liquid product storage 

% 

15 

5 

5 

12.5 

12.5 

10 

5 

10 

15 

10 

100 


