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1.0 INTRODUCTIGN

In October of 1977, the Department of Energy (DOE) announced a spent
fuel policy whereby the Federal Government would accept and take title to
commercial reactor spent fuel for a one-time fee to utility companies owning
nuclear power reactors. This policy action was taken to resolve the uncer-
. tainty regarding ultimate spent fuel disposition in 1ight of President
Carter's earlier decision to indefinitely defer commercial reprocessing of
spent nuclear fuel. A one-time fee concept was selected so that the costs of
spent fuel disposition could be confidént]y accounted for in the determina-
tion of electricity cost. This concept requires that the Federal Government
fully recover all costs incurred from managing the spent fuel and that all
further liability of the utilities will cease with delivery of the fuel and
payment of the fee.

Upon announcement of the spent fuel policy, efforts were initiated to
make a timely determination of a fee for purpose of discussion in the public
sector. The Office of Waste Isolation awarded a contract to TRW Energy
Systems to develop a methodology and comprehensive data base, and DOE com-
missioned Battelle Pacific Northwest Laboratories (PNL) to examine the
sensitivity of the one-time fee to variations in the financial and Togistical
components of the calculation. In order to do this, PNL developed a method-
ology and data base for calculating the fee independently and in paraliel
with the work reported by TRW.(]) It is noteworthy that despite the inde-
pendence of these two efforts, the methodologies developed are markedly
similar, and the known differences in cost data do not cause significant
differences in the calculated fee.

The engineering cost estimates for fuel handling and management facili-
ties and long term utility plans for transferring fuel to the Federal Govern-
ment are preliminary at this time. The cost data used in this report are
estimates that were arrived at through consultations with organizations
responsible for developing engineering cost estimates for related DOE spent
fuel and waste handling programs. Therefore, these estimates are represent-
ative of the best information available at the time this work was performed.



The one-time fee will not be established until sometime in the future
when DOE is ready to enter into firm contractual commitments with utilities,
and the actual fee paid by utilities will be that in effect at the time of
fuel transfer. At that time, many of the current uncertainties will be
resolved. This report and other near term activities to develop methodolog-
ies and technical bases for establishing the fee should be viewed as serving
the process of public discussion regarding how the Federal Government should
proceed to policy implementation. In particular, the results presented here
are intended to display the sensitivities of the fee calculation to paramet-
ric variation of key components so that in the process of establishing a fee
the sensitivity of important assumptions will be known to those engaged in
the discussion and decision making process. The results quoted herein are

in no way intended to represent a recommended fee to be adopted by the

Federal Goverrment.




2.0 SUMMARY

. Three types of fees for federal spent fuel management service were
calculated for a reference case and a number of variations. These fee types
are a uniform fee applicable to all customers, a fee for disposal of spent
fuel, and a fee for interim storage plus disposal of spent fuel. The results
ranged from $124/kg to $256/kg for the uniform fee, $112/kg to $213/kg for
the disposal fee, and $144/kg to $319/kg for the storage plus disposal fee.

The reference case assumed that spent fuel would first be received by
the government in 1983 at a 5,000 MT away-from-reactor (AFR) basin. The
first repository (45,000 MT) was assumed ready for fuel in 1988, and the
second (100,000 MT) in 1997. Fuel would be transferred from the AFR basins
to the repositories before the year 2000. Discounted costs for disposing
of all fuel received by 2000 were levelized over the appropriate throughputs
from 1983 to 2000 to determine the fees. A1l costs were expressed in 1978
dollars and a 6.5% discount rate was used. The reference case results in
fees of $129/kg for the uniform fee $117/kg for disposal and $232/kg for
storage plus disposal.

The sensitivity cases were grouped in five general categories of varia-
tions from the reference case assumptions:

Demand for storage/disposal services
Facility schedules and characteristics

Discount rate and AFR financing

1

2

3. Methodology for calculating the fee

4

6 Delays or failure of the first repository.

The scope and magnitude of the variations considered were intended to
reasonably bound the bases for estimating the spent fuel management fee.
No known key parameters were purposely ignored in this analyses. The results
are discussed briefly below. More detailed discussions of the technical
basis, methodology and results of this analysis are discussed in tha

follawing sections.



2.1 DEMAND VARIATION RESULTS

The reference case results were compared with those for several cases
in which the demand for spent fuel storage was varied. The first two cases
shown in Figure 1 show the impact of variation in AFR basin requirements.
Cases 3 and 4 show the impact of altering the amount of fuel requiring
disposal. The uniform fee, disposal fee, and storage plus disposal fee are
shown for the reference case and each variation case. Varying the demand
for disposal causes a greater change than varying AFR basin requirements.
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FIGURE 1. Demand Variation Results



2.2 FACILITY VARIATION RESULTS

Facility Startup and operating variation results are shown in Figure 2.
Cases 5 and 6 demonstrate the effect of varying the repository startup date,
and Case 7 shows the effect of altered repository size. The greatest varia-
tion from the reference case occurred when the first repository was delayed
until 1993, but in general the fee calculation was insensitive to these
variations. Delaying repository startup increased the uniform and disposal
fees while decreasing the storage plus disposal fee. This decrease is due
to increased AFR basin utilization. The effect of increasing the size of
the first repository was slight.
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2.3 COST RECOVERY VARIATION RESULTS

A comparison was made between the reference case fees and the fees
calculated by altering the cost levelization methodology. In Case 8 the
levelization period was shortened to 1983 to 1992 (10 years). This caused
increases in the fees due to allocation of early costs to fewer customers.
Case 9 shows the 1mpatt of considering only the costs and throughputs for
the first repository in the fee calculation. This caused only minor variation

in the fees.
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2.4 FINANCIAL VARIATION RESULTS

The results in Figure 4 show how the calculated fee changes when sel-
ected financial assumptions are varied. The discount rate used in the fee
calculation was arbitrarily varied in Case 10 from 0% to 10% to show the
sensitivity of the fees to this parameter. Case 11 shows the impact of

private rather than federal financing of AFR basins. The uniform fee and

storage plus disposal fees increase to provide an after tax return on
private capital.
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2.5 SYSTEM PERFORMANCE VARIATION RESULTS

The final group of variations from the reference case illustrates the
impact of schedule delays (with cost overrun) of the first repository (Cases
12-13), and operational failure at the first repository (Cases 14 and 15).
Only the uniform fee is shown (Figure 5) for these cases, since the uniform
fee is a measure of the difference in system costs under these abnormal

conditions.
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3.0 SPENT FUEL MANAGEMENT SYSTEM DESCRIPTION

A number of assumptions were made to define the spent fuel management
system. It was assumed that beginning in 1983 the Federal Government would
begin to accept and take title to spent fuel voluntarily delivered by
utilities. This fuel would be stored in a large water basin facility con-
structed away from reactors (AFRs) unt11‘the first geologic repository
becomes available (1986 in the reference case). After that time, spent fuel
would be packaged in canisters and stored in a geologic repository, subject
to throughput limitations at the repository. Fuel initially stored in the
AFR basin would be shipped to the packaging/repository location for disposal
as soon as possible.

The sensitivity of the one-time charge to many of the assumptions which
were made about the characteristics and performance of the spent fuel manage-
ment system are investigated 1ater‘1n this report. General descriptions
of each of the major compohents of the system are given below.

3.1 AWAY FROM REACTOR (AFR) STORAGE FACILITIES

The AFR facility concept was based on current design work being per-

(2)

to receive spent fuel, transfer the fuel to a water pool, decontaminate the

formed at the Savannah River Laboratory. This facility has the capability
shipping cask, and perform all activities associated with eventual unloading
of the facility. The first facility was assumed to have an adequately sized
initial capacity which was expandable in increments of 1000 MT to a maximum
of 15,000 MT. The receipt rate was assumed to be 2000 MT/yr, which may be
expanded to 3000 MT/yr. Additional AFR capacity would be added to the

system as required. In the parametric analysis, both privately financed

and government financed AFR basins were considered.



3.2 TRANSPORTATION

Initial dé]ivery of spent fuel to spent fuel handling facilities was
assumed to be the responsibility of the utilities. Costs for transfer of
fuel from the AFR basin to the repository site were based on dedicated
trains using IF-300 casks for an average one way trip of 1600 mi]es.(])
Transportation services including casks were assumed to be provided by the
private sector.

3.3 FUEL PACKAGING FACILITIES

The fuel packaging facility design was based on work performed by
Rockwell Hanford Operations. 3 These facilities were collocated with the
geologic repository. They have the capability to place the fuel in
canisters, weld the canisters closed, test the integrity of the canister,
and transfer the fuel to the shaft of the repository.

3.4 GEOLOGIC REPOSITORIES

The geclogic repository was assumed to be a 2000 acre bedded salt
facility based on design studies performed by the Office of Waste Isolation.
The facility includes features required to mine and store the salt, receive
packaged spent fuel canisters, transport canisters down the shaft and place
them in salt formations, and backfill with salt. For the initial five years
the repository was cperated in a retrievable mode at roughly 30% of design
throughput capability. The first repository was loaded to 45,000 MT, which
is slightly less than one haif of design capacity. The second repository,
also a 2000 acre bedded salt design, was assumed to be capable of operating
at current design specification. In the parametric analysis the sensitivity
of the spent fuel management costs to conservative design features of the
initial repositdry was investigated.
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4.0 METHODOLOGY FOR FULL COST RECOVERY

The fundamental premise in formulating a fee for spent fuel management
is full cost recovery. When fuel is received by the government a "one-time"
fee must be collected to fully recover all capital, operating, debt service,
government overhead, and research and development costs.

A methodology to calculate this fee, or levelized charge, must align
with established business procedures. The methodology used to calculate
a levelized charge for spent fuel storage/disposal is similar to that used
to calculate the separative-work-unit (SWU) charge. Full cost recovery
is the principle feature of both calculations.

Full cost recovery can be expressed in equation form as:

Discounted Revenue

Discounted Cost

Levelized Charge x Discounted Throughput

Therefore, the desired levelized charge is:

Discounted Cost
Discounted Throughput

Levelized Charge =

Determining a fee or fees for government spent fuel management services

depends on the philosophy adopted for fully recovering government costs.

To calculate a uniform fee to be paid by all customers, the appropriate
throughputs and costs are the total fuel delivered to the government within
some specified period and the total costs associated with storage and
eventual disposal of that fuel. 1If an appropriate fee is to be determined
for some component of the spent fuel management system, the costs and
throughputs of that particular component should be used in the equation.

In any application of the levelization equation, several conventions
must be established. There is some latitude in each application of the
levelization process, as long as care is taken to conserve the total system
balance between discounted costs and discounted revenues. The factors which

must be considered are:

11



. Discount rate - The levelization process requires discounting of cash
flows for both costs and revenues. The discount rate should reflect
the cost of capital to the operator providing the services.

. Planning Period - The period of time for which costs are levelized
over throughput must be selected. There are no "rules" for
determining the appropriate period. In general, the period should
be long enough to lessen the effects of any unusual perturbations
in estimated cost or throughput, but short enough so that the
estimates are reliable.

. Costs - The "discounted costs" term of the levelization equation may be
expanded to:

Discounted Costs = Present Value of [Initial System Value +
Cash Expenditures - Ending System Value]

The initial system value refers to any unrecovered costs incurred
prior to the levelization period. The cash expenditures included
are all of those associated with managing the spent fuel received
during the period, even if they are to be incurred after the end

of the period. The ending system value adjusts the costs allocated
to the customers of the period by taking credit for the remaining
value of capital facilities at the end of the period.

. Cost Data - Projections must be made of the costs of future facilities
and activities. The attached Appendix gives the cost data used for
spent fuel management activities in this report. No attempt has been
made to account for inflation and all costs (and revenues) are expressed
in 1978 dollars.

. Discounted Throughput - This term varies with the period considered
and the choice of uniform, disposal, or storage plus disposal fee
calculation.

12



5.0 REFERENCE CASE

5.1 SPENT FUEL STORAGE/DISPOSAL REQUIREMENTS

Earlier this year the Nuclear Regulatory Commission issued the Draft
Generic Environmental Impact Statement on Handling and Storage of Spent Light
Water Power Reactor Fue].(4) As part of their analysis, NRC calculated post
reactor basin storage requirements for several combinations of assumptions.
For this analysis the calculated storage requirements which result when all
reactors install compact spent fuel racks and maintain the capability for
full core discharge were used. It was assumed that the federal government
would receive fuel at the rate calculated by NRC during the period interim
water basin storage was required. As soon as the repository becomes available,
it is assumed that fuel will be received at the design receipt capacity. The
receipts and shipments of fuel at spent fuel storage and disposal facilities
is shown in Table 1.

5.2 CSPENT FUEL STORAGE/DISPOSAL CAPABILITY

The first receipt of fuel at a federal spent fuel storage facility was
assumed to occur in 1983 at a 5,000 MT capacity away-from-reactor (AFR)
basih capable of receiving 2,000 MT per year. A1l fuel accepted by the
government prior to the availability of the first repository would be
received at this basin.

The first repository was assumed ready for fuel receipt in 1986. Fuel
receipt was constrained to 1,800 MT/yr for the first five years of operation
of this repository to provide a period of "proof" of the geologic properties
of the site. After this five year period fuel could be received at a maxi-
mum receipt rate of 6,000 MT/yr. It was conservatively assumed that this
repository would operate at low thermal loading which would allow disposal
of approximately 45,000 MT of fuel. The second repository first receives
fuel in 1997. Increased thermal loading would allow for disposal of approx-
imately 100,000 MT of fuel at this repository. A larger maximum receipt
rate of 9,000 MT/yr was assumed for the second and subsequent repositories.
Fuel in the federal storage basin would be transferred to the repository as
soon &s possibie.



TABLE 1. Allocation of Spent Fuel to Federal Facilities (MT)

Fuel Receipt (Shipments) Receipt at Receipt at
From Reactors at Storage Basin Repository 1 Repository 2
Backlog 659
1983 319 978
1984 429 429
1985 506 506
1986 605 605
1987 655 655
1988 698 (1102) 1800
1989 752 (1048) 1800
1990 850 (950) 1800
1991 1727 (73) 1800
1992 1800 1800
1993 6000 6000
1994 6000 6000
1995 6000 6000
1996 6000 6000
1997 6000 3000 3000
1998 6000 3000 3000
1999 6000 3000 3000
2000 6000 e 2740 3260
TOTAL 57,000 3,173 44,740 12,260

5.3 SPENT FUEL MANAGEMENT COSTS

Six categories of spent fuel management costs were considered. These
are listed below and discussed briefly. Appendix A gives a more detailed
breakdown and discussion of these costs.

1. AFR - It was assumed that AFR storage basins were built and operated by
the government. Costs were included for building, operating and
decommissioning these facilities.

14



2. Transportation - This cost component is only experienced by fuel trans-
ferred from the AFR basin to the repository. The cost of shipping fuel
from reactors to the AFR basin or repository is borne by the utility.

3. Packaging - Packaging facilities were assumed collocated with the re-
positories. One PWR or two BWR assemblies are packaged in a 1/2 inch
wall carbon steel canister.

4. Repository - These costs are based on a 2,000 acre bedded salt reposi-
tory. The thermal loading, and thus the capacity, of the first reposi-
tory is 1imited to slightly less than half of the reference design
basis. ’

5. Research and Development - This category provides for recovery of
federal funds expended in achieving spent fuel management capability.

6. Government Overhead - This cost component refiects the ongoing costs
of managing the spent fuel storage/disposal activity.

5.4 UNIFORM FEE

These component costs were levelized over all projected fuel receipts
between 1983 and 2000, using a 6.5% discount rate to arrive at a uniform
fee for all customers. The 6.5% discount rate represents the government
bond rate. Costs associated with all facilities required in this period
were included. The unrecovered capital investment in facilities built and
available for use after the end of the pericd (2000) were taken as a credit
in the calculation.

The calculated result for the reference case was $128.50/kg, as shown
in Table 2. The fee is partitioned into capital and operating'components,
as is shown in Table 2. Transportation, R&D and overhead have been treated
as operating costs. The fee components are rounded to the nearest $0.50/kg.
This degree of accuracy was reported to retain relative component proportions,
but does not imply that level of confidence in the absolute magnitudes of
the charge components.

15



TABLE 2. Levelized Charge Components
for Reference Case (%/kg)

Capital Operating Total

AFR Basin 9.00 2.00 11.00
Transportation - 2.50 2.50
Packaging 16.50 16.50 33.00
Repository 25.00 25.00 50.00
R&D - 26.50 26.50
Overhead - _5.50 5.50

TOTAL 50.50 78.00 128.50

5.5 SERVICE FEE

To calculate the appropriate fee if each utility customer pays for only
those services its fuel requires, each component cost was levelized over all
users cf that component. This resulted in two classes of fee, a disposal
only fee and a storage plus disposal fee. As in the uniform fee calcuiation,
all costs associated with managing fuel received prior to 2000 were included.

These results are shown in Table 3. The packaging and repository com-
ponents of these two fees are slightly different due to the storage and

disposal customers prepaying for these services when they deliver their fuel
to the AFR basin.

TABLE 3. Service Fee Components for
Reference Case ($/kq)

Disposal Storage Plus

Fee Disposal Fee
AFR Basin - 104.00
Transportation - 26.00
Packaging 33.50 27.50
Repository 51.50 42.00
R&D 26.50 26.50
Overhead 5.50 5.50
TOTAL 117.00 231.50

16



6.0 PARAMETERIZATION STUDIES

Several categories of variation from the reference case were analyzed to
determine their impact on the calculated spent fuel storage/disposal fees.
These categories of variation and the individual variation cases are dis-
cussed in the fo]]dwing section.

6.1 STORAGE/DISPOSAL DEMAND VARIATICN

The demand for federal spent fuel storage/disposal services was varied
by considering changes in reactor basin storage period and changes in AFR
basin storage requirements.

Case 1 - Ufi]i;y Perceived Requirements

In response to a DOE survey, nuclear utilities indicated a need for post
reactor basin storage of 10,690 MT of spent fuel by 1988. To examine the
impact of varying AFR basin requirements on the calculated fee, the utility
perceived storage requirements were assumed instead of the NRC calculated
requirements in the reference case. The mass flows for this case are given
in Appendix B. Table 4 gives the result of the fee calculations. The uniform
fee is nearly the same as in the reference case ($128.50/kg), with the cost of
increased AFR basin storage offset by decreases in the other components due to
higher early revenues. The same is true of the disposal only fee. However,
the storage plus disposal fee is reduced considerably from the reference case
($231.50/kg). This is due mainly to economies of scale for larger AFR basins
(10,000 MTU versus 5,000 MTU) and improved AFR basin utilization (97% versus
63%).

17



TABLE 4. Calculated Fees for Utility Perceived
Storage Requirements ($/kg)

Storage Plus

Uniform Fee Disposal Fee Disposal Fee

AFR Basin 17.00 - 59.50
Transportation 6.00 - 20.50
Packaging 30.00 33.50 22.00
Repository 45.50 51.50 33.50
R&D ‘ 24.50 24.50 24.50
Overhead 5.00 5.00 5..00

TOTAL 128.00 114.50 165.00

Case 2 - Storage/Disposal for Foreign Fuel

This case shows the fee sensitivity of providing storage and disposal
services for 300 to 500 MT of foreign spent fuel per year until 1990. The
logistics for this case are shown in Appendix B. Table 5 shows that provid-
ing such services would cause Tittle variation of the uniform fee and the
disposal fee,.but would decrease the storage plus disposal fee due to more
efficient utilization of AFR basin capacity.

TABLE 5. Calculated Fees for Foreign Participation

Storage Plus

Uniform Fee Disposal Fee Disposal Fee

AFR Basin 11.50 - 70.50
Transportation 4.00 - 23.00 -
Packaging 32.00 33.50 24.50
Repository 49.00 51.50 37.50
R&D 26.00 26.00 26.00
Overhead 5.50 5.50 - 5.50

TOTAL 128.00 116.50 187.00

18



Case 3 - Minimum Storage/Disposal Requirements

The reference case assumes that spent fuel will be shipped to the federal
government at the design receipt rate for disposal facilities once those
facilities are available. This case examines the fee impact of continuing to
receive fuel at the rate indicated in the NRC analysis rather than the
design receipt rate. The altered scenario requires disposal of approxi-
mately 21,000 MT of spent fuel by 2000 rather than the 57,000 MT in the
reference case. The logistics for this case are given in Appendix B.

Table 6 shows that the impact of altering the receipt assumption is an
increase in all three fees due to a decreased amount of fuel over which
to amortize costs.

TABLE 6. Calculated Fees with Minimum Fuel Receipts

Storage Plus

Uniform Fee Disposal Fee Disposal Fee

AFR Basin 26.00 - - 104.00
Transportation 6.50 - 26.00
Packaging 45,50 48.50 39.50
Repository 82.00 87.00 71.00
R&D 64.50 64.50 64.50
Overhead 13.50 13.50 13.50

TOTAL 238.00 213.50 318.50

Case 4 - Storage and Disposal ¢f Five Year Cooled Fuel

The reactor discharge schedule assumed by the NRC in computing the
post-reactor basin storage requirements for the reference case was used
to compute the storage and disposal requirements for a scenario where fuel
is transferred to the federal government five years after discharge. This
assumption leads to storage and disposal of a similar amount of spent fuel,
by 2000 (58,900 MT compared with 57,000 MT in the reference case), but
accomplishes this transfer of fuel at a higher initial rate. Approximately
14,000 MT AFR basin capacity is required in this case. The specific case

19



logistics are given in Appendix B. Table 7 gives the calculated fees for this
case. They are approximately the same as the reference case, with the excep-
tion that the storage plus disposal fee is lower due to AFR basin economies

of scale and more efficient basin utilization.

TABLE 7. Calculate Fees for Storage and Disposal of
Five Year Cooled Fuel

Storage Plus

Uniform Fee Disposal Fee Disposal Fee

AFR Basin 16.50 - ' 47.50
Transportation 6.50 - 18.00
Packaging 30.50 36.00 20.50
Repository 45.50 54.00 31.00
R&D 22.50 22.50 22.50
Overhead ' 4.50 4.50 4.50

TOTAL 126.00 117.00 144.00

Summary of Storage/Disposal Demand Sensitivities

The cases examined indicate that the uniform fee and disposal fee are
sensitive to changes in the total demand for services. These calculated fees
increased significantly when the assumed demand was decreased (Case 3). The
storage plus disposal fee showed sensitivity to the amount of AFR basin
storage required. The AFR component of that fee is affected by the utiliza-
tion of the basin. In Cases 1 and 3 slightly greater than 3,000 MT of a
5,000 MT capacity basin are used, resulting in a high AFR component of the
storage plus disposal fee. In Cases 2 and 4 the AFR basins are used more
effectively, and a corresponding decrease in the fee is observed.

6.2 STORAGE/DISPOSAL FACILITY VARIATIONS

The repository startup date and capacity were varied to determine the
sensitivity of the calculated fee to those assumptions.
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Case 5 - Planned 1990 Repository

Delaying the first repository startup until 1990 would require storing
approximately 4,600 MT of spent fuel in the AFR basin, which may be accom-
modated by the 5,000 MT basin assumed in the reference cases. The logistics
for a 1990 repository are shown in Appendix B. Table 8 gives the calculated
fees for this case. The uniform fee and cisposal fees are increased from the
reference case due to a decreased amount of spent fuel (51,000 MT compared
with 57,000 MT) over which to levelize fixed costs. The AFR basin component of
the storage plus disposal fee is reduced because of greater utilization of

the basin.
TABLE 8. Calculated Fees for a Planned 1990
Repository Startup

Storage Plus

Uniform Fee Disposal Fee Disposal Fee
AFR Basin 14.50 - 79.00
Transportation 4.00 - . 22.50
Packaging 32.00 34.00 24.50
Repository 50.00 53.00 38.00
R&D 34.50 34.50 34.50
Overhead 7.50 7.50 7.50
TOTAL 142.50 129.00 206.00

Case 6 - Planned 1993 Repository

Further delaying the first repository until 1993 would require AFR
basin storage of approximately 7500 MT of spent fuel and allow for disposal
of 27,000 MT of spent fuel by 2000. The logistics of this case are given
in Appendix B. Table 9 shows the results for this case. Again, fixed costs
are levelized over less fuel which increases the calculated uniform fee.
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TABLE 9. Calculated Fees for a Planned 1993 Startup

Storage Plus

Uniform Fee Disposal Fee Disposal Fee

AFR Basin 26.00 - 62.50
Transportation 7.50 - 18.50
Packaging 28.50 34.00 20.00
Repository 48.50 60.00 35.00
R&D 54.50 54.50 54.50
Overhead 11.50 11.50 11.50

TOTAL 176.50 160.00 202.00

Case 7 - 100,000 MT First Repository

The logistics for this case are the same as the reference case, except
that the first repository has a larger capacity. This has the impact of
increasing the credit for remaining facility capacity at the end of the
Tevelization period (2000) for both the repository and packaging facilities.
As shown in Table 10, the fee reduction is relatively small.

TABLE 10. Calculated Fees for 100,000 MT
’ First Repository

Storage Plus

Uniform Fee Disposal Fee Disposal Fee

AFR Basin 11.00 - 104.00
Transportation 2.50 - 26.00
Packaging 30.50 31.00 25.50
Repository : 47.50 48.50 39.00
R&D 26.50 26.50 26.50
Overhead 5.50 5.50 5.50

TOTAL 123.50 111.50 226.50
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The calculated fees are only moderately sensitive to short delays of
the first repository (1988 to 1990) and increased capacity of the first
repository. Delay of the first repository until 1993 increases the uniform
and disposal fees significantly due to decreased fuel over which to levelize
costs. This effect is offset for the storage plus disposal fee by the decreased
AFR basin component resulting from more efficient basin utilization.

6.3 COST RECOVERY METHODOLOGY VARIATIONS

These cases demonstrate variations from the reference cost recovery
calculation. Changes in levelization period and fees based cnly services
at initial facilities were examined.

Case 8 - 1983-1992 Levelization Period

In the reference case costs and receipts for the period from 1983 to
2000 were considered in calculating the fees. This case examines the impact
of caiculating the fees over a shorter period. Table 10 shows that this has
the effect of increasing these fees. This is due to limited fuel receipts
over which to levelize costs.

TABLE 11. Calculated Fees for a 1983-1992
fevilizaticn Period

Storage Plus

Uniform Fee Disposal Fee Disposal Fee

AFR Basin 45.50 - 104.00
Transportation 11.50 - 26.00
Packaging 44 .50 49.50 40.50
Repository 79.50 88.50 72.50
R&D 58.50 58.50 58.50
Overhead " 16.50 16.50 - 16.50

TOTAL 256.00 213.00 318.00
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Case 9 - Fee Based on Costs and Throughput of Initial Facilities

This case-examines the impact of considering, in the fee calculation,
only the projected costs and throughput for fuel entering the first reposi-
tory. As shown in Table 12, this results in an increased fee since AFR
basin costs, transportation, R&D, and overhead must be levelized over a
decreased throughput.

TABLE 12. Calcuiated Fee BRased on
Initial Facilities ($/kg)

Storage Plus

Uniform Fee Disposal Fee Disposal Fee

AFR Basin 13.00 - 104.00
Transportation 3.00 - 26.00
Packaging 30.50 31.50 25.50
Repository 48.50 £0.00 41.00
R&D 32.00 32.00 32.00
Overhead 7.00 7.00 7.00

TOTAL 134.00 119.50 235.50

Summary of Cost Recovery Methodology Sensitivities

Calculating the fee based on initial facilities limits the throughput
over which to levelize initial costs, and thus increases the calculated fee
slightly. Decreasing the levelization period to 10 years increases the
fees substantially.

6.4 FINANCIAL VARIATIONS

These cases demonstrate the sensitivity of the fee calculation to the
selected discount rate and to the assumption that the AFR basins are govern-
ment financed.

Case 10 - Discount Rate Variation

Tables 13 and 14 shows the fee calculated using a 0.0% discount rate,
and a 10% discount rate. The results show an increase in calculated fee
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with increased discount rate. The R&D component is the most sensitive,
since these costs precede revenues to a greater extent than those of
the other components.

TABLE 13. Calculated Fees with 10% Discount Rate

Storage Pius

Uniform Fee Disposal Fee Disposal Fee

AFR Basin 16.50 0 115.50
Transportation 3.50 0o , 23.00
Packaging 30.50 41.00 30.00
Repository 59.00 62.00 45.50
R&D 43.50 43.50 43.50
Overhead 7.00 7.00 7.00

TOTAL 160.00 153.50 264.50

TABLE 14. Calcuiated Fee with 0% Discount Rate

Storage Plus

Uniform Fee Disposal Fee Disposal Fee

AFR Basin 5.00 0 86.50
Transportation 2.00 0 31.50
Packaging 23.00 23.00 - 23.00
Repository 37.50 37.50 37.50
R&D 10.00 10.00 10.00
Overhead _4.00 _4.00 4.00

TOTAL 81.50 74.50 192.50

Case 11 - Government Financed AFR Basins

The cash flow for the reference case was altered to reflect the private
industry financing of the capital costs of the AFR basin. It was assumed
that the government would pay a commercial operator an annual fee for the
use of the basin. This fee would be sufficient to allow the operator an
after tax profit on his investment. Table 15 shows that private financing
increases the AFR basin component of the fees approximately 40%.
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TABLE 15. Privately Financed AFR Basin

Storage Plus

Uniform Fee Disposal Fee Disposal Fee

AFR Basin 15.50 - 148.00
Transportation 2.50 - 26.00
Packaging 33.00 33.50 27.50
Repository 50.00 51.50 42.00
R&D 26.50 26.50 26.50
Overhead 5.50 5.50 , 5.50

TOTAL 133.00 117.00 275.50

Summary of Financial Variation Sensitivities

The sensitivity of the fee to the discount rate was shown to illustrate
the relationship between costs and revenues for each charge component, and
does not represent an option. Private financing of AFR basin capital
costs increases the AFR component 40%, but this does not represent a
significant variation of the entire fee.
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7.0 ANALYSIS OF ABNORMAL SYSTEM PERFORMANCE

To determine the sensitivity of the fee to unexpected variations in
logistics and costs, cases were analyzed which simulated unplanned delay of
or operational failure at the first repository.

7.1 UNPLANNED DELAY OF THE FIRST REPOSITORY (CASES 12-13)

The planned repository delay cases previously analyzed (Cases 5 and 6)
were reevaluated assuming that capital costs for the first repository and
first packaging facility were incurred as if the repoéitory were starting
operation in 1988, and an additional $75 million were spent each year
from 1988 to eventual startup. This is intended to simulate a cost and
schedule overrun at the first repository by continuing the 1988 expenditure
rate during the delay period. The results of these calculations (Cases 12
and 13) are given in Tables 16 and 17. The impact of the assumed cost
penalty is observed in the packaging and repository components. Only the
uniform fees are compared, since these are a measure of total system cost.

TABLE 16. Uniform Fee for Unplanned Delay of
First Repository Until 1990 ($/kg)

Unplanned Planned

AFR Basin 14.50 14.50
Transportation 4.00 4.00
Packaging 33.50 32.00
Repository : 52.50 50.00
R&D 34.50 34.50
Overhead 7.50 7.50
TOTAL 146.50 142.50
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TABLE 17. Uniform Fee for Unplanned Delay of
First Repository Until 1993 ($/kg)

Unplanned Planned

AFR Basin 26.00 26.00
Transportation 7.50 7.50
Packaging 35.50 28.50
Repository 58.50 48.50
R&D 54.50 54.50
Overhead 11.50 11.50

TOTAL 193.50 176.50

7.2 FAILURE OF THE FIRST REPQSITORY

Case 14 - Preoperational Failure of the Initial Repository

This case assumes that the first repository is constructed normally, but
prior to operation is deemed unusable for underground disposal. The existing
above-ground facilities are assumed to be usable. An above-ground storage
yard is constructed to temporarily store packaged fuel. During the construc-
tion period of the temporary storage yard, AFR basin facilities continue to
store unpackaged fuel. The first cperational (the second repository from
the reference case) repository becomes available in 1997. The backup repository
replacing the failed repository also becomes available in 1997. Fuel is
assumed received by the government as in the reference case. Costs for all
incremental spent fuel management activities have been included in the
component costs in Table 18. Higher transportation costs are due to shipment
of encapsulated fuel from the failed repository site to the replacement
repository. The fee component for the failed repository includes all costs
incurred prior to the time of the failure and all costs for constructing and
operating the temporary storage yard.
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TABLE 18. Calculated Fee for a Preoperational
Failure of the Initial Repository

($/kg)
Uniform Fee

AFR Basin 11.00
Transportation 16.00
Packaging 33.50
Failed Repository 39.50
Repository 31.00
R&D 26.50
Overhead 5.50

TOTAL 163.00

Case 15 - Failure of the Initjal Repository During Operaticn

This case represents a situation in which the repositcry operates as
designed for the first five years, but prior to the sixth year it is determined
that fuel may no longer be placed underground.' The surface facilities are
still assumed to be operational and a surface storage yard is constructed.
Fuel received after the initial repository fails is packaged and held at
the surface storage yard. Fuel already underground at the failed repository
is retrieved and stored in the surface storage yard. A replacement repository
is constructed by 2000 and all fuel at the initial repository site is
ultimately deposited there. As before, transportation costs are higher due
to shipment of encapsulated fuel from the storage yard to the replacement
repository. The fee component for the failed repository (Table 19) includes
all costs incurred prior to the time of failure and estimates of all costs
incurred unlcading and decommissioning the failed repository.
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TABLE 19. Calculated Fee for a Failure of the Initial
Repository During Operation ($/kg)

Uniform Fee

ARF Basin 11.00
Transportation 31.50
Packaging 33.00
Failed Repository 51.00
Repository 26.50
R&D 26.50
Overhead 5.50

TOTAL 185.060

Summary of Abnormal System Performance Sensitivities

These cases are different from the variations analyzed previously in the
sense that advance knowledge of a failure or delay would be required in
order to collect the correct fee for the entire period. Therefore, they
do not reprasent normal fee calculations, but instead illustrate the
relationship between the reference fee and a fee sufficient to fuily
recover expenses associated with the abnormal events considered.

In the delay cases the amount of fuel received prior to 2000 decrease
from the reference case. This magnifies the impact of cost increases, since
there is less fuel over which to levelize fixed costs. The repository
failure cases were analyzed assuming the reference case fuel receipt
schedule. This was dore to provide a basis for comparison with the
reference case.
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FACILITY COST DATA

The cost data used for spent fuel storage/disposal facilities are
presented in this appendix. Preliminary engineering cost estimates were
used to model expenditure patterns for the various facilities. These
estimates are not detailed in the budget sense and should not be inter-

" preted as such.

The AFR basin cost data were excerpts from economic analyses of water
basin storage performed at Savannah River Laboratory. Since one of the
cases assumed private ownership of the AFR basin, assumptions about the
financial posture of the private owner were necessary. A 25%/75% debt
equity ratio, 8% loan rate, 12% return on equity, 50% tax rate, and 6%

(2)

investment tax credit were assumed.

Transportation costs (for transporting fuel from AFR basins to the

repository) were provided by DOE, based on work teing performed by TRN.R])

Packaging costs were adapted from cost estimates developed for the
Spent Fuel Handling and Packaging Project, managed for DOE by Rockwell
Hanford Oper'ations.(3 Cost estimates for packaging fuel for the drywell
interim storage were modified where appropriate for use in this study.
~ The cost data for above-ground storage in the repository failure cases
was also adapted from this source.

Repository costs were modeled using preliminary cost estimates
developed for the Office of Waste Isolation.
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TABLE A-1. 10,000 MT Capacity AFR

Facility: 10,000 MT Capacity AFR
Total Capacity: 10,000 MT
Maximum Receipt Rate: 3,000 MT/Year
Capital Construction Cost(a): 322
CAPITAL COSTS
Occurrence
Capital Item Cost Pre-Startup During Operation Post-Shutdawn Comments
Capital Construction 10 -4 - -
Capital Constructicn 17 -3 - -
Capital Construction 111 -2 - -
Capital Construction 184 -1 - - Includes Baskets
OPERATING COSTS
Occurrence
Item Cost Pre-Startup During Operation Post-Shutdown Comments
Operating Cost 5 - Every Year -
Operating Cost 3 Incurred when facility is lcaded or unloaded.
Decommissioning 28 - - +1

(a) A11 Costs are in millions of 1978 dollars.
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Total

CAPITAL COSTS

Facility:
Capacity:

Maximum Receipt Rate:
Capital Construction Cost(a):

TABLE A-2.

5,600 MT Capacity AFR

5,000 MT Capacity AFR

5,000 MT

2,000 MT/Year

201

Occurrence
Capital Item Cost Pre-Startup During Operation Post-Shutdown Comments
Capital Construction 10 -4 - -
Capital Construction 15 -3 - -
Capital Construction A -2 - -
Capital Construction 105 -1 - - Includes Baskets
OPERATING COSTS
Occurrence
Item Cost Pre-Startup During Operation Post-Shutdown Comments
Operating Cost 4 - Every Year -
Operating Cost 2 Incurred when facility is loaded or unloaded.
Decommissioning 20 - - +1

(a) A11 costs are in millions of 1978 dollars.



Total

Maximum Receipt Rate:
Capital Construction Cost(a):

CAPITAL COSTS

Facility:
Capacity:

TABLE A-3.

1,000 MT Capa
1,000 MT
1,000 MT/Year
19.2

1,000 MT AFR Module

city AFR Module

Occurrence
Capital Item Cost Pre-Startua During QOperaticn Pcst-Shutdown Comments
Capital Construction 19.2 -1 - = Includes Baskets
OPERATING CQSTS
Occurrence
Iom Cost Pre-Startup During Operaticn Post-Shutdown Comments

Operating cost is assumed to be included in the base module (accompanying 5,000 or 10,000 MT facility).

(a) A'1 costs are in miilions of 1978 dollars.
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TABLE A-4. Transportation

Facility: Transportation from AFR to packaging facility
Total Capacity: NA
Maximum Receipt Rate: NA
Capital Construction Cost: NA
CAPITAL COSTS
Occurrence
Capital Item Cost Pre-Startup Quring Operation Post-Shutdown Comments
None
OPERATING COSTS
Occurrence
{tem Cost Pre-Startup During QOperation Post-Shutdown Comments
Transportation 31.50/Kg - During AFR unload » - Round trip cost for 1,600

mile one-way route.




Total Capacity:
Maximum Receipt Rate:
Capital Construction Cost(a):

CAPITAL COSTS

TABLE A-5. Packaging Facility (Two Components)

Facility:

Packaging Facility - Two Component Type
NA

6,000 MT/Year

346.4

(a) A1 costs are

in millions of 1978 dollars.
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Occurrence
Capital Item Cost Pre-Startup During Operation Post-Shutdown Comments
Capital Construction 139.2 -4 - -
Capital Construction 121.2 -3 - -
Capital Construction 51.4 -2 - -
Capital Construction 34.6 -1 - -
QPERATING COSTS
Occurrence
ltem Cost Pre-Startup During Operation Post-Shutdown Comments
Fixed Cost 21.2 - Every Year -
Variabie Cost .00384/Canister - - -



TABLE A-6. Packaging Facility {Three Components)

Facility:
Total Capacity:
Maximum Receipt Rate:

Packaging Facility - Three Component Type
NA
9,000 MT/Year

(a) A11 costs are in miliions of 1978 dollars.

Capital Construction Cost(a): 519.6
CAPITAL COSTS
Occurrence
Capital Item Cost Pre-Startup During Operation Post-Shutdown Comments
Capital Construction 208.8 -4 - -
Capital Construction 181.8 -3 - -
Capital Construction 77.1 -2 - -
Capital Construction 51.9 -1 - -
OPERATING COSTS
Occurrence .
Item Cost Pre-Startup During Operation Post-Shutdown Comments
Fixed Cost 31.8 - Every Year -
Variable .00384/Canister - - -



TABLE A-7.

Facility:
Total Capacity:
Maximum Receipt Rate:

(a)

Capital Construction Cost al.

CAPITAL COSTS

Initial Repository - Conservative Design

Initial Repository, Conservative Decign

45,0060 MT Spent Fuel

1,800 MT/Year for first five years, 6,000 MT/Year subsequently
5C0

Occurrence

Capital Item Cost Pre-Startup During Operation Post-Shutdown Ccmments
Capital Constructicn  5.00 -7 - -
Capital Construction 20.00 -6 - -
Capital Construction 80.00 -5 - -
Capital Construction 125.00 -4 v - -
Capital Construction 110.00 -3 - -
Capital Construction 85.00 -2 - -
Capital Construction 75.00 -1 - -
Capital Equipment
Replacement 2.31 - Every Year -
Capital Equipment 3 (5)
Replacement 6.00 - - - 33,600
Capital fquipment ) (b)
Replacement 11.00 - - - 122,000
Capital Equipment (b)
Replacement 10.00 - - - 84,00C
OPERATING COSTS

Occurrence
[tem Cost Pre-Startup During Operation Post-Shutdown Comments

*Support Services £0.00 - fvery Year -
Variable Cost .00501/Canister - 1-5 -
Variable Cost .00201 6-N
Decommissioning 198.35 - - 1-5

{a) A11 costs are in millions of 1978 dollars.
(b) Costs occur the year cumulative canisters reach this level.




TABLE A-8. Second and Subsequent Repositories

’ Facility: Repositories built after initfal conservative design
- Total Capacity: 100,000 MT Spent Fuel
Maximum Receipt Rate: 4,500 MT/Year for first three years, 9,000 MT/Year subsequently
) Capital Construction Cost(a): 515
CAPITAL COSTS
Occurrence
Capital Item Cost Pre-Startup During Operation Post-Shutdown Comments
Capital Construction 5.15 -7 - -
Capital Construction 20.60 -6 - -
Capital Construction 82.40 -5 - -
- Capital Construction 128.75 -4 - -
Capital Construction 113.30 -3 - -
Capital Construction 87.55 -2 - -
i Capital Construction 77.25 -1 - -
Canister .00022/Canister - - -
Capital Equipment
Replacement 12.00 . y - 33,600(°)
Capital Equipment
Replacerent 12.00 - - - 46,200(b)
Capitai Equipment
Replacement - 12.00 - - - 122,0002)
Capital Equipment
Replacement 14.80 - - _ - 84,ooo(b)
Capital tquipment
Replacement 24.50 - - - ]ea,oog(b)
Capital Equipment ‘ ,
Replacement 40.00 . ; - 252,000'°)
OPERATING COSTS
Occurrence
[tem Cost Pre-Startup During Operation Pcst-Shutdown Comments
Support Services 54.30 . - Every Year - Average value
Variable Cost .005017/Canister - 1-5 -
’ Variable Cost .00201 6-N
. Decemmissioning 137.653 - - 1-5
- (a) A11 costs are in millions of 1978 dollars. g
. (b) Costs occur year cumulative canisters reach this level.
A-9




TABLE A-9. Miscellaneous Costs

Facility: Research & Development Cost and Government Overhead

Total Capacity: NA

Maxijmum Receipt Rate: NA

Capital Construction cost(@): NA

CAPITAL COSTS
Occurrence
Capital Item Cost Pre-Startup During Operation Post-Shutdown Ccmments

R&D Cost 40.1 - Occurs in 1977 -
R&D Cost 86.1 - Occurs in 1978 -
R&D Cost 120.5 - Occurs in 1979 -
R&D Cost 97.8 - Cccurs in 1980 ~
R&D Cost 93.4 - Occurs in 1981 -
R&D Cost 76.1 - Occurs in 1982 -
R&D Cost 27.5 - Occurs in 1983 -
R&D Cost 9.4 - Occurs in 1984 -
RaD Cost 5.8 - Occurs in 1985 -
R&D Cost 3.7 - Occurs in 1986 -

GPERATING COSTS

Occurrence
[tem Cost Pre-Startup During Operation Post-Shutdown Corments
Government overhead 13.0 - From 1977 on -

(a) A11 costs are in millions of 1978 dollars.
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TABLE B-1. Fuel Logistics for Case 1
MT

To_AFR From AFR To Repository

1983 1710

1984 860

1985 1620

1986 147G

1987 1780

1988 210 1800
1989 280 1800
1990 920 1890
1991 920 1800
1992 920 1800
1993 3000 6000
1934 3000 6000
1995 3000 6000
1991 1690 6000
1997 6000
1958 6000
1999 6000
2000 6000

TABLE B-2. Fuel Logistics for Case 2
MT

To AFR From AFR To Repository

1983 1378

1984 729

1985 906

1986 1005

1987 1055

1983 602 1800
1989 548 1800
1990 950 1800
1991 805 1800
1992 789 1800
1993 1379 6000
1994 6000
1995 6000
1996 6000
1997 6000
1998 6000
1999 6000
2000 6000



TABLE B-3. Fuel Logistics for Case 3

MT
To AFR From AFR To Repository

1983 978

1984 429

1285 506

1986 605

1987 655

1988 1102 1800
1589 1048 1860
1999 950 1800
1991 73 1068
1992 1011
1993 IRRN
1994 1199
1995 1320
1995 1227
1957 1571
1998 1714
1999 2602
2000 29¢2

TABLE B-4. Fuel Logistics for Case 4

MT
To AFR From AFR To Repositery

1983 3040

1984 2783

1985 1412

1986 1661

1987 1944

1988 310 1800
1989 461 1800
1390 537 1300
1623 544 1300
1592 451 1300
1993 2787 6000
1994 2439 6000
1995 2040 5000
1996 1643 5000
1997 1257 6000
1938 2937 8149
1999 5662
2000 £C89

B-2



TABLE B-5. Fuel Logistics for Case 5
MT

o AFR From AFR To Repository

1983 978
1984 506
1986 605
1987 655
1988 698
1989 752
1990 950 1800
1991 805 1800
1992 789 1800
1993 €89 18C0
1994 601 1800
1995 789 6000
1996 6000
1997 6000
1998 6000
1999 6000
2000 6000

TABLE B-6. Fuel Logistics for Case 6
MT

To AFR From AFR To Repository

1943 978

1984 429

1985 506

1986 605

1987 655

1988 698

1989 752

1990 850

1991 995

1992 1011

1993 689 1800
1994 601 1300
01995 480 1800
1996 373 1800
1997 229 1800
1998 4286 6000
1999 821 6000
2000 6000
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