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Largest 1989 Subsidies to Fission

(Millions of 19898)

Direct and Grid

Program

_l;r;-riium Enrichment Comporation 1,026.8 - 278.1
DOE R&D and Waste Management 1,012.6 ' 1,012.6
Bonneville Power Administration ss| 3545
NAC Regulation 3474 267.2
REA Losses 321.6 316.5
Nuclear Waste Fund 181.7 0.0
TVA Cross-Subsidies 331.3 2086

Tax (General Capital and Qther)

Accelerated Depreciation (machinery and equipment) 20748 605.0
General ITC (machinery and equipment) - 4270 167.8
}otal General Tax 2,501.8 7728
Tax (Energy) ) '
Tax-exempt Pbbllc Power Bonds 820.1 672.3
Utlity Retention of Excess Deferred Taxes 489.3 00
[otal Energy Tax 1,300.4 6723

Other (Indemnification)

Price-Anderson

2,750.0 8320

| Underacrual for Nuciear Decommissioning

197.3 0.0

All Other Subsidies 1o Fission
TOTAL SUBSIDIES TO FISSION IN 1989

Alliance to Save Energy and Douglas Koplow, April 1993

Total Large Program Subsidies 36029 25585
Total General Tax 25018 7728
Total Energy Tax - _ 1,309.4 6723
Total Large Tax Subsidies 38112 {51
Total Other Subsidies 29473 s0| -

5,039.1
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Expensing of Construction Period Interest/ AFUDC

TATUS: Repealed. Although projects for which construction was "substantially” underway prior to
epeal were grandfathered, neither the JCT or the Treasury tax expenditure estimates show losses from
his provision. Although privately-owned utilities are still allowed to include an allowance for funds used
uring construction (AFUDC) in their rate base, they apparently can not deduct it from the current year’s
xable income any more. In this report, we view inclusion of AFUDC in the rate base as a proper
manner to recover the financing costs of construction, and deferral of tax deductions as consistent with
the general principal of matching expenses with the useful service life of the equipment.

lant or project construction, yielding a mismatch of interest deductions and the property’s useful life.
Fhis subsidy benefitted large scale capital projects that were heavily financed with debt (such as electric
utilities) more than other types of projects. Projects that took more years to complete (such as nuclear
utilities) benefitted more than projects with shorter lead times. The reduction of capital costs created a
lower cost energy infrastructure and lower energy prices than would have occurred without the subsidy.

E:‘SCRIPTION: Allowed businesses to expense rather than capitalize the interest costs incurred during

In addition, this provision allowed construction-period interest to be expensed for tax purposes
(thereby reducing current tax liabilities), but capitalized for book and rate-making purposes (increasing
the allowable capital base on which the utility can earn a return). Although this provision was eliminated
in TRA of 1986, budgetary impacts continue as long as projects continue.

HISTORY: This provision was part of the original income tax law of 1913. A revision was added in 1942
which enabled taxpayers to voluntary elect capitalizing interest costs. The Tax Reform Act of 1976

uired that construction period interest for non-corporate taxpayers be capitalized and amortized over
a 10-year period. (OMB, FY 1982, Spec. Analysis G, 218).

: The uniform capitalization rules of the Tax Reform Act of 1986 requires costs incurred after

ember 21, 1986 to be capitalized rather than expensed. Only "property constructed by the taxpayer

for which substantial construction occurred before March 1, 1986" was able to delay capitalization. This

ihcludes direct costs, taxes, interest, pensions and other employee benefits, and a portion of general and

fministrative costs. (Kiefer, 3/18/87, 10). Capitalization requirements for interest expenses assumes that
e project was financed 100 percent by debt.

BENEFICIARY ENERGY TYPES: The largest beneficiaries were the nuclear and fossil-electric utilities.

SUBSIDY MAGNITUDE: [PV(construction-period interest deduction) - PV(construction-period interest
amortization deductions once facility opens)] x tax rate.

ELIGIBLE ACTIVITIES:

LIMITATIONS:
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DEPARTMENT OF ENERGY: ATOMIC ENERGY DEFENSE ACTIVITIES
———r L A VML ENERGY DEFENSE ACTIVITIES

Activities Benefitting the Commercial Sector
Background

It is clear that without much of the early work on military applications of nuclear power, the
commercial sector would never have evolved. For example, while the Atomic Energy Commission (AEC)
divided early R&D into commercial and military sectors, both were critical in the development of light
water reactors. "The civilian program used information and expertise developed in the more experimental
military program. Further, the reactor prototype developed in the military program became the
foundation for some of the AEC’s later civilian reactor work as well as the basis for the commercial light
water reactor.” (Bowrihg, 16).

While there was significant spillover, to claim that military research directly subsidized the
commercial sector is somewhat problematic since most of the military research would likely have occurred
whether or not there were a commercial sector. However, it is likely that the staggering costs associated
with military nuclear development led to an extensive search for ways to spread these costs over a
broader base of recipients. Commercial nuclear power provided such an outlet.?

Some spending classified as "defense-related” does, in fact, directly benefit the commercial sector
while at the same time using technology in excess of that needed to meet the military’s requirements. One
example is the $3.6 billion tritium facility planned for Idaho Falls, ID. Although ostensibly used solely
for military purposes, the choice of reactor design relies on new, essentially untested, "fail-safe" reactors
rather than the already refined light-water technology. As such, this expenditure seems, at least in part,
to be a research expenditure for the commercial sector.?

For items clearly benefitting both the defense and commercial sectors, an arbitrary 5 percent of
spending was allocated to the commercial sector as a first guess at the true level of support.

Current Spending

Materials Production. A small portion of the materials production budget supports the production
of nuclear materials for use in civilian research and commercial applications, among others (DOE '92
Budget Request, v. 1, 175). It is unclear whether this accrues to energy research or other activities.

Naval Reactors Development Program. The tie between the naval reactor development program
and the comumercial sector continues today. As stated in the DOE Annual Report

The technology developed in the Naval Reactors Development program is directly
applicable to, and an inherent part of, DOE’s nuclear fission energy program. This
program has been the source of much of the technology for the civilian nuclear energy
industry." (DOE, ann rept., 297),

“Joseph Bowring reasoned that a portion of the costs of military R&D were subsidies to commercial fission, and estimated their
magnitude at $1,081 million (1989$) between 1950 and 1964. (Bowring, 31).

“Elmer-Dewitt, Philip. "Nuclear Power Plots a Comeback,” Time, January 2, 1989, p. 41.
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Federal Energy Subsidies: Energy, Environmental, and Fiscal Impacts

Technology Transfer. Many of the technologies developed for the nuclear weapons program have
applications in other fields of national defense and industry. DOE and DOE research laboratories try to
transfer these developments whenever possible (given national security constraints) to potential
government and industrial users.

Areas where the DOE weapons program has made and continues to make important
contributions to the Nation’s technology base include materials sciences, computer
sciences and applications, and atomic and nuclear physics. For example, SNL [Sandia
National Laboratory] recently has been transferring an average of approximately 50
research and development projects per year to industry.” (DOE ann. rept, 268, 269).

-

Examples of energy-related technology transfers include:

. Computer codes originally developed to study the two-and three-dimensional hydrodynamics of
nuclear weapons to electric utilities and well-drilling firms.

. Low-power hybrid circuits for nuclear instrumentation, a computer code for engine modeling, and
components for a ceramic matrix material that has remarkable strength, as well as information
exchange on high temperature superconducting materials. (DOE, ann. rpt. 268, 269).

Cleanup. Some federal facilities, such as the Uranium Enrichment Enterprise, provided services
to both the military and the commercial sectors. As a result, responsibility for cleanup of those sites also
belongs-to both sectors. We were not able to estimate the degree to which the commercial sector
benefitted from primarily-defense facilities that now face large cleanup bills.

Technology Development. This area includes applied research and development of methods to clean
radioactively-contaminated soil and groundwater; handle and process radioactive wastes; incorporate
waste minimization "into production processes; and decommission concrete and metal structures.
Although of immediate importance for the DOE military cleanup, the techniques and technologies are
equally applicable to DOE sites serving commercial needs and commercial reactors. (DOE ‘92 Budget
Request, v. 1, 587-629).

Waste Transportation and Site Management. Research into radioactive waste management which benefits
the commercial sector to the same degree as technology development, shown above. (‘92 Budget Request,
v. 1, 644).

Sources

US. DOE. Fiscal Year 1991 Congressional Budget Request. Volumes 1-5. Reprinted in the House
Appropriations Hearings, 1990.

U.S. DOE. Fiscal Year 1992 Congressional Budget Request. Volumes 14. DOE/CR-0001.

U.S. DOE. The Secretary’s Annual Report to Congress, 1988-1989. DOE/S 0010(89).
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DOE: URANIUM ENRICHMENT ENTERPRISE

Throughout the life of commercial nuclear power, DOE’s uranium enrichment facilities have
supplied the power plants with enriched uranium. For years after WWII, DOE was the only source in
the world for fuel grade uranium. Although all production went to the military sector until 1969,
commercial shipments grew dramatically in the ensuing years. Today, however, the enrichment facilities
are under financial pressure from a number of other enrichment providers. Competition has put pressure
on DOE's margins. Unrealized expected future demand, along with contracting procedures which placed
all of the risk for changing market conditions on DOE, led to overcapacity and take-or-pay power
contracts with the Tennessee Valley Authority running into the hundreds of millions of dollars per year.

In addition, extensive research into alternative enrichment techniques and incomplete capital
recovery (exacerbated by poor accounting practices) have resulted in unrecovered federal investment
running into the billions of dollars. Estimates of the unrecovered investment range from zero to $10
billion, although part of the disparity is due to capital write-offs which some parties argue should not be
recovered in any future privatization of the enterprise. For our purposes, since the entire shortfall remains
unpaid, the entire portion remains a subsidy to fission power which is reflected in reduced fuel costs.?!
Shortfalls in the accrual for decommissioning and decontaminating the enrichment facilities add still more
to the overall level of subsidy. The main categories of subsidization are presented below.

Below Market Purchases of Power. Uranium enrichment is extremely energy-intensive, with electrical
power costs comprising 70 to 80 percent of production costs and almost 100 percent of marginal costs.
(Smith Barney, 35; ‘89 Uran. Enrichment Annual Report, 10). Power is supplied by the Tennessee Valley
Authority and two other utilities formed solely to supply the enrichment facilities. This arrangement has
led to allegations that the enrichment facilities receive power at below market rates.?

As shown in our estimate for TVA, power sales to UEE for much of the 1970s (until DOE had to
make good on take-or-pay power contracts when demand for enriched uranium stopped growing) were
10-27% less expensive than the wholesale price to municipal and cooperative utilities. (TVA.WK1, 3). Any
subsidized power sales are incorporated in the TVA section only to avoid double counting.

Below Market Sales of Enriched Uranium. Despite substantial market power and enormous unrepaid
capital, DOE has historically sold enriched uranium far below its competitors.® For example, in 1986

*'Since DOE supplied enriched uranium to facilities all over the world, a portion of benefits from low cost fuel-grade uranium
went to the foreign power sector, The source of this subsidy, however, was financed by the US. taxpayer. Through FY 1991,
approximately 15% of the SWUs sold went to overseas utilities. This is equal to about 1/3 of the commerdial fission share. (Warren,
10/13/92).

“Even if TVA does not lose money absolutely, power sales for uranium enrichment could be cross-subsidized by power sales
to other sectors.

“While economies of scale could explain the ability to undersell competitors, this argument holds true only when fixed costs are
being repaid. If fixed costs are not being covered by sales in a market where pricing to recover fixed costs is possible (UEE had a
world monopoly for quite some time), selling more simply means losing more of the taxpayers capital investment. Excess capacity
in the industry, exacerbated by recent increases in sales from the Soviet Union (Techsnabexport), explains much of the current pricing
situation, but this competition did not always exist. With stagnant demand, huge fixed costs, and large unneeded capacity, prices
are being cut far below levels necessary to recover sunk fixed plant. Such a scenario generally precedes market exit. However, the
U.S. continues to spend money to bring a new enrichment technology, AVLIS, to market with the argument that it will reduce the
price of enriched uranium. This perspective ignores the market realities that the producers using the older technologies will continue
selling so long as variable costs are covered, rendering the new technology unneeded and more costly at this time. (GAO/RCED-91-
88, pp. 38-40).
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DOE’s product sold for $119/Separative Work Unit (SWU)* while its competitors Eurodif (primarily
France) and Urenco (Germany, Britain, and the Netherlands), which are also government-owned, sold
theirs for $170-$190/SWU.* DOE's price was $12/SWU lower than average production costs, even
excluding depreciation and a reasonable return on investment. (Montange, 8,11). By 1990, DOE enriched
uranium was being sold for $118/SWU, a decline of 28 percent in real terms since 1984. (1989 Uranium
Enrichment Annual Report, 9). Since DOE sells both to domestic and foreign buyers, a significant portion
of the pricing subsidy (50% in 1979) accrues to foreign buyers.

We account for below-market sales of uranium through our tracking of operating losses and total
unrecovered capital only. That is, low prices led to less revenue, which in turn was the major factor in
UEE'’s poor financial performance. No effort has been made to estimate the historical opportunity cost
of DOE's pricing strategy.

Unrecovered Government Investment. Unrecovered federal investments are the result of accrued
operating losses, customer non-payment, funds invested in the gaseous diffusion enrichment facilities, and
terminated research and development into gas centrifuge enrichment technology. Estimates of this loss
vary by differing assumptions on the value of the initial plant at the time UEE began commercial
operations and the cost of tied up funds to the government, as well as by differing decisions on when to
recognize capital write-offs and how much to recognize. The impact of the timing of capital write-offs
on the final subsidy estimate is mitigated by the process of amortizing the loss backwards over the period
of loss.

For example, if no historical losses have been recognized and written off, the period of loss would
run from 1969 (when UEE began commercial production) to our 1989 point of estimation. A larger
measured loss (since nothing has been written off yet) would be spread over a longer period of loss, and
the annual payment necessary to have covered that loss would be relatively smaller. Recognizing DOE
capital write-offs would reduce both the current loss estimate and the period of loss significantly. Since
interest was imputed on the unrecovered federal investment, we have amortized losses back using the
imputed interest rate as a discounting factor.

While there is much debate over the magnitude of unrecovered investment, Congress, through
the Energy Policy Act of 1992, has statutorily capped the value of recoverable federal investment at $3
billion. The remainder of the unrecovered federal investment has been converted to equity claims in the
soon-to-be-privatized enterprise. As such, funds may be recovered only through dividends or stock
appreciation ~ should such stock have any value. (DOE, ‘92 Bill, 14).

The various estimates are evaluated below, and our rationale for making particular decisions with
respect to the inclusion or exclusion of costs is presented.

The Edison Electric Institute (EEI) Estimate

The major difference between the EEI estimate and the others is that EEI considered the
recoverable value of the initial plant and working capital to be zero. (Coopers & Lybrand, 24). The

*A separative work unit is a measure of the energy required to sepatate two isotopes of uranium.

¥Part of this discrepancy emerges because Eurodif and Urenco both sell to domestic consumers at relatively high prices, while
offering excess capacity on the U.S. market at substantially lower prices. (GAQ/RCED-91-88, 37).
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1]

original investment in the three enrichment plants was $2.8 billion. (Bowring, 57). While much of the
plant was depreciated prior to commercial use, the book value of the enrichment facilities plus net
working capital on January 1, 1969 when service to commercial customers began was $1.5 billion.
(Coopers & Lybrand, 24). The EEI estimate was deemed unusable because they valued the initial plant,
equipment, and inventory at zero (in contrast to all other evaluators), and therefore have imputed no
interest on this tied up capital over the past 20 years. In addition, where imputed interest calculations
were done, EEI assumed that interest payments would not start until one year after incurring the expense.
(Coopers & Lybrand, 20). We were unable to back out these assumptions to generate an estimate for our
calculations.

The DOE .Estimate

The main differences between the DOE estimate and the Smith Barney/Coopers & Lybrand, and
GAO estimates are in the choice of interest rates used in imputed interest calculations, and in the
exclusion of the costs of the abandonment of the gas centrifuge diffusion plant and excess gaseous
diffusion capacity (the closure of the Oak Ridge facility). (Smith Barney, 62). Again, whether or not the
capital write-offs are included in the recoverable asset base, they still constitute a subsidy to the enterprise
since a private entity would have to write off the assets against pre-tax net income, and reflect the losses
somehow in pricing or their future cost of capital (if current equity holders lost value future investors
would charge a higher risk premium). Accepting both DOE's interest rate decision and past capital write-
offs would yield a net subsidy of $3.0 billion over a period of loss from 1986 to 1989. The shorter period
of loss more than offsets the lower capital loss figure, yielding higher annual payment estimates than in
the GAO figures.

The GAQ Estimate

The main difference in the GAQ estimate is that GAO does not recognize historic write-offs of
defunct assets and investments that DOE recognized in the early 1980s. Their resulting estimate of $10
billion includes four categories that bear adjustment for our purposes (Smith Barney, 62; Coopers &
Lybrand, 25-33).

. Unexpended Appropriations: funds allocated but not spent should not be included as a subsidy.
(Subtract $0.2 billion).

. Appropriations included in the uranium enrichment budget but not deemed related to the
Uranium Enrichment Enterprise. (Subtract $0.85 billion).

. Exclusion of value of in-kind enrichment services provided to the federal government and
subtracted from net unrecovered capital. (Subtract $0.8 billion).

These adjustments yield a revised GAO estimate of $8.15 billion ($10b-$1.85b) over a period of loss of 21
years (1969-1989, inclusive).

The Smith Barney/Coopers & Lybrand Estimate

One of the main differences between the adjusted GAQO estimate above and the Smith
Barney/Coopers & Lybrand (SB/C&L) estimate lies in the interest rate used on outstanding capital. Both
methods are rational. The GAO estimate incorporates the annual cost to the government of having its
funds tied up in the enrichment facility. The accounting firm assumption of the 1969 long-term bond rate
treats the enterprise as a private facility which financed all of its capital needs in the least expensive
manner at start-up. The SB/C&L estimate, including what they call "policy decisions" such as capital
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write-offs, is $4.5 billion. Since the recognition of capital losses in the mid-1980s reflects poor investments
from the earlier time frame, the period of loss for the this estimate is 1986-1989. The shorter time frame
yields higher annual payments.

Subsidy Accruing to the Commercial Sector

Until 1969, all enriched uranium produced by the Uranium Enrichment Enterprise was used for
military purposes. (Coopers & Lybrand, 24). Since that time, a portion of production has continued to
g0 to the defense sector. Although the civilian share of SWUs produced for civilian purposes to total
SWUs is almost exactly 50 percent (Montange, 17), using this as an allocation factor would be erroneous
since the subsidy calculations begin in 1969, not in the beginning of the enrichment facility life. Therefore,
the allocation of costs to the commercial sector (both U.S. and foreign) is based on the 88.7% of SWUs
produced since 1969 that went to commercial purposes. (Schmitt, 10/92).

Decomrm‘ssiom'ng and Decontamination (D&D)

The three enrichment facilities (all based on the gaseous diffusion technology) are extremely old.
They were constructed and operated during a time when environmental issues were irrelevant. There are
extremely large costs associated with both decommissioning (closing) the facilities and cleaning up the
sites. There is also a wide range of estimates regarding the costs of this cleanup.

DOE estimates the total cost of decommissioning and decontaminating the three plants at $3
billion, with $1.404 billion to be paid by commercial customers via enrichment surcharges. This figure
for some reason excludes costs such as pre-D&D maintenance and surveillance at the Oak Ridge Gaseous
Diffusion Plant and Remedial Actions at all three enrichment plants. (UEE 1989 Annual Report, 35). Since
DOE is accruing for these items also, our estimates of Dé&D shortfalls are net of these additional items.

An additional $2.25 billion charge on the commercial sector to cover enrichment D&D costs via
a supplemental charge on nuclear utilities was included in the Energy Policy Act of 1992. The Act created
a special $150 million/year inflation-adjusted charge earmarked for enrichment D&D. The charge lasts
for 15 years, and is capped at total outlays of $2.25 billion (also adjusted for inflation). (DOE, '92 Bill, 17).

The Uranium Enrichment Enterprise is accruing funds to cover the $3 billion level of D&D costs
over the projected lives of the facilities. Provision for closure and cleanup at the Oak Ridge Gaseous
Diffusion Plant, which has already closed, is much greater. (FY 1989 Enrichment Annual Report, 35). As
mentioned above, additional accruals for pre-D&D activities and remedial action are on-going as well.
All of these accruals represent the total of a series of payments in nominal dollars. We convert them to
1989 constant dollars to make them comparable to our other estimates.

Since experience thus far suggests significant clean-up shortfalls if only $3 billion is available, we
do not use the DOE estimate for our low estimate of total D&D costs. Alternative estimates of the total
Dé&D cost are much higher than the DOE estimate. Initial site characterization is far from complete and
has already found a wide range of problems. Furthermore, "past experience indicates that such costs
increase as more information becomes available.” (GAO, T-RCED-90-101,10). Problem areas include many
leaking underground storage tanks, violations in the use of PCBs, out-of-compliance air emissions with
asbestos and radionuclides, and potentially large problems with hazardous wastes. (Smith Barney, 68).
Smith Barney estimates the cost of decommissioning the Oak Ridge plant alone could reach as high as $8
billion. Applying this standard to the three plants yields a potential Hability for cleanup and
decommissioning of $24 billion. (GAQ, T-RCED-90-101, 10; Smith Barney, 82).
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DOE contractor studies,done by firms involved in the cleanups, have estimated a range of $14
to $29 billion (1989$). The Smith Barney estimate falls within this range. We view the contractor
estimate to be far more likely than the current DOE estimate given current experience and the magnitude
of unknowns on the site. Our high and low estimates for uncovered D&D costs are reduced by current
accruals for D&D and for the recently added decommissioning surcharge. While the period of cleanup
has been estimated to be between 25 and 37 years by two engineering firms who estimated the cost of
Dé&D for DOE (TLG, p. 45; EBASCO, figure 5.4-1), we annualize the D&D shortfall over the commercial
service of the facilities. This approach is consistent with our annualized estimates in many other program
areas. The commercial life of the facilities is 36 years, from 1969 when commercial operations began
through 2005 when the last facility is scheduled to close. (EBASCO, 2-1).

We follow the DOE allocation of D&D costs between the defense and commercial sectors in their
annual reports. Forty-seven percent of the total D&D shortfall is allocated to the commercial sector. The
Dé&D subsidy estimates on the UEE worksheet are net of special charges levied on nuclear utilities in the
1992 Energy Policy Act.

Gas Centrifuge Facilities. Cleanup costs for the abandoned gas centrifuge facilities are expected
to total $187 million. (GAO/T-RCED-89-54, 3). The costs are incorporated in the contractor D&D estimate.

Other Subsidies to the Enrichment Enterprise

Nuclear Regulatory Commission Licensing. Being government-owned, the gaseous diffusion
plants are exempt from NRC licensing. The cost of licensing and compliance, according to DOE, ranges
between $5 million and $153 million per plant. (Smith-Barney, 87). Although the NRC suggests the lower
end of the range is reasonable, the age and size of the facilities, in addition to their pivotal role in nuclear
non-proliferation (since they can produce weapons-grade material), suggests the high end is a better
figure. While the facilities are currently regulated for safety and compliance by government officials, the
oversight appears to be less stringent than that required by NRC. (Smith-Barney, 87-89). Smith-Barney
estimates that licensing costs and compliance fees are likely to run in the range of $181 to $379 million,
and notes that

principally due to the seismic issue and today’s more restrictive safety criteria (compared
to the standards applicable when the plants were built), there is some question as to
whether or not the UEE's facilities can be licensed on any schedule at any cost. (Smith-
Barney, 87).

The NRC will have oversight for the gaseous diffusion enrichment facilities once they are
privatized, under conditions laid out in the 1992 Energy Policy Act. (DOE, *92 Act, 16). Since these costs
will be borne through privatization, and since UEE did have some government oversight in the past, we
do not ascribe a value to this subsidy here. However, it is clear that the laxer standards for UEE, since
it was publicly owned, reduced compliance costs in the past. Had these costs been borne by UEE, rather
than by the surrounding population and ecosystem through higher risks of accident or damage, the
magnitude of unrecovered costs would likely be higher.

*The contractors were EBASCO Services, Inc., Martin Marietta Energy Systems, and TLG Engineering. The General Accounting
Office’s audit of annual payments required to cover D&D ylelded an estimate of $500 million/year, indexed to inflation, similar to
our high estimate. (GAO, RCED-92-77BR, 2).
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Insurance. Not being required to purchase environmental liability insurance reduces the costs of
operating by placing risk on the taxpayers. In essence, the enrichment facilities are self-insured. Outlays
for environmental remediation may be viewed as retrospective premiums. As mentioned at the beginning
of this chapter, the impact of retrospective premiums on behavior and risk minimization may not be not

optimal. However, financially it is an acceptable proxy since DOE has begun to incur the cleanup costs.
Therefore, we treat the subsidy as zero.

Federal government indemnity from other forms of liability, such as for negligence, do confer
subsidies to the enterprise. The Price-Anderson indemnification on liability, even for gross negligence,
extends this liability subsidy further, to all contractors and suppliers. Subsidies from these programs to
UEE could not be quantified.

Rate of Return and Tax-Exempt Status. The government investment, by not requiring a positive
rate of return, reduces the cost of providing enriched uranium services for commercial utilities. The tax-
exempt status of UEE reduces the cost structure still further. Since UEE competes with other providers
of energy services (oil refineries and electric-utilities both upgrade fuel inputs for the final user, an

analogous service to uranium enrichment), these factors provide a significant barrier to entry for
substitutes.

The private market rate of return required on the Enrichment Enterprise, a multi-billion dollar,
high risk investment, is likely to be quite high. Estimating this return is problematic. However, a recent
study by the Energy Information Administration calculated that UEE would need to earn between $290
and $1.44 billion (1989$) more than it currently does in order to earn a 15% operating return on the value
of depreciated assets. (EIA, 16). The range of values reflects the controversy in measuring the book
value of UEE's assets, as discussed in the above on unrecovered federal investment. Since the 15% rate
of return is a pre-tax return (EIA, 65), it implicitly includes the value of UEE’s tax-exemption as well.

However, it does not include the projected shortfall in D&D funds. Therefore, to generate an
upper bound estimate of the subsidy to UEE, the $1.44 billion subsidy from UEE’s tax-exemption and rate
of return would need to be added to our high estimate of $142 million measuring the annual commercial
D&D shortfall. This would yield a total 1989 subsidy of $1.58 billion.

Unsecured Long-Term Power Contracts. The uranium enrichment enterprise, anticipating
burgeoning demand for enriched uranium during the 1970s and early 1980s from new power plant
construction, entered a number of long-term take-or-pay contracts with the Tennessee Valley Authority
for power necessary for enrichment. These contracts led TVA to construct new units. UEE, however, did
not make similar requirements to purchase enriched uranium with its nuclear utility customers, for whom
the new TVA capacity was ultimately being built. As a result, all risk for changes in market demand for
enrichment services rested with UEE, rather than being shared by the beneficiary parties as would likely
have occurred in private market transactions. When the market collapsed, UEE was forced to pay (after
losing a court battle) TVA $1.8 billion, of which $465 million was due in 1989. (TVA Information
Statement, F-15; 1990 Uranium Enrichment Annual Report, 32). Although these payments are already
reflected in the UEE losses presented above, they are a good quantification of the subsidies associated with
federal government uncompensated risk-bearing for private industry.

¥'This price increase would not be supportable at current market prices. However, it demonstrates that UEE purchased too much
capital or did not charge adequate prices when it could have passed them through to the market, or both.

B4-72

PDF compliments of www.earthtrack.net




Energy-Related Federal Agency Activities

Depreciation Rate of Uranium Stockpile. The enrichment of uranium involves increasing the ratio
of Uranium,,; atoms to other forms of uranium (primarily Uranium,y,), since U-235 is much more
fissionable than the other isotopes. (EBASCO, 2-2). As more U-235 is removed from natural uranium to
enrich the uranium fuel, the process of removing the remaining, more diluted, U-235 gets progressively
more expensive. According to one analyst (Montange, 10/13/92), DOE has used a larger amount of
natural uranium, but removing a smaller proportion of available U-235, Since the energy needed to
remove U-235 increases as the concentration of U-235 in natural uranium decreases, the approach used
by DOE saves money.

However, while the remaining uranium does have some recoverable U-235 remaining, the cost
of recovery may be.substantially higher than for the first increment. This makes the fuel-value of the
semi-depleted stockpile lower. To reflect this lower value, the depreciation of the stockpile value in UEE’s
books would have to be accelerated rather than straight-line. According to Montange, UEE overstates the
value of the stockpile, which is treated as an asset. This improves the apparent operating performance
of the facility, partially justifying lower-cost sales of the final product. No subsidy estimate is included
for this practice.

Uranium Enrichment Sources

Bowring, Joseph. Federal Subsidies to Nuclear Power: Reactor Design and the Fuel Cycle Pre-publication
Draft. Washington, DC: U.S. Department of Energy, Energy Information Administration, March 1980.

Civiak, Robert L. Cost Accounting, Pricing, and Cost Recovery in DOE’s Uranium Enrichment Program.
Washington, DC: Congressional Research Service, October 9, 1985, 85-1041 SPR.

Coopers & Lybrand. Department of Energy Unrecovered Government Costs of the Uranium Enrichment
Enterprise, May 10, 1990,

EBASCO, Inc. Preliminary Cost Estimate; Decontamination & Decommissioning of the Gaseous Diffusion
Plants, September 1991. Prepared for the Department of Energy.

Montange, Charles. Personal communication, 10/13/92.
Montange, Charles. Stopping a Budget Meltdown: Reorganizing the Federal Uranium Enrichment
Program. Washington, DC: National Taxpayers Union, September 1990,

Schmitt, Eugene. "Deliveries of Enriched Uranium FY 1969 - FY 1990," Office of Uranium Enrichrnent, U.S,
DOE, October 6, 1992,

Smith Barney, Harris Upham & Co. United States Uranium Enrichment Enterprise: An Independent

Financial Assessment, May 1990, Prepared for the U.S. Department of Energy.

Tennessee Valley Authority, "Information Statement,” August 12, 1991,

TLG Engineering. Preliminary Cost Estimate for the Decommissioning and Decontamination of the
Gaseous Diffusion Plants. September 1991. Prepared for the U.S. Department of Energy.

US. DOE. H.R. 776, The Energy Policy Act of 1992 As Passed by Congress, October 15, 1992,
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US. DOE. Uranium Enrichmerit Annual Report for the years 1987, 1988, 1989, and 1990.

U.S. DOE, Energy Information Administration. Federal Energy Subsidies: Direct and Indirect Interventions

in_Energy Markets, November 1992.

U.S. GAO. "Comments on Proposed Legislation to Restructure DOE’s Uranium Enrichment Program,”
Testimony of Victor Rezendes, Director of Energy Issues, before the House Subcommittee on Energy and
Power, April 10, 1991.

US. GAO. "Comments on Smith Barney’s Uranium Enrichment Analysis,” Testimony of Victor Rezendes,
Director, Energy Issues, before the House Subcommittee on Energy and the Environment and the House
Subcommittee on Energy and Power. July 31, 1990. GAO/T-RCED-90-101.

US. GAO. Uranium Enrichment: DOE Needs Alternative AVLIS Deployment Options, August 1991.
GAO/RCED-91-88.

U.S. GAO. "Legislative Proposals Concerning DOE’s Uranium Enrichment Program,” testimony of Keith
Fultz, Director of Energy Issues, before the House Subcommittee on Energy Research and Development,
July 26, 1989. GAO/T-RCED-89-54.

US. GAO. Uranium Enrichment Analysis of Decontamination and Decommissioning Scenarios,
November 1991. GAQ/RCED-92-77BR.

Warren, Wesley. House Subcommittee on Energy and Power. Personal communication, 10/ 13/92.
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Uranium Enrichment Enterprise

Part1: Unrecovered Govemnment Investment in the Enterprise

Esfimar Amont  Pariod of Loss #Yrabr  Discont Al
(Blon) St b Aavud Rew  Chiwrge Sarce
m @

Fevised General Accting, Offios 842 1969 1989 2 00837 220 Smith Bamey, 61; Cocpwrs & Lybrand, 5.6. See accompanying bt
Dapariment of Energy 3 1966 1980 4 00832 6825 Smith Barrwy, 81; Coopars & Lybrand, 5,6,
Smith-Barney/Coopers & Lybeand 48 1905 1989 4 00778 10019 Smith Barnwy, 63; Coopers & Lybrand, 56, 27; RATESZ WK1

lowEs  Hghkst
Aresbrad Lk | s arg 200 1,009
Commercial Sture (see Part 2) 8B27% MI™%
Net Subsidy 1o Cammercial Seotor 7 VI 7Y
Nois ko Part 1
{1} Since a signiicant parkion of the d irvesimant in UEE rept sccrued intarest on uivepaid capital, the various ssimates were discounted

using e same methodology employed in the calcuish of impued inlorest. ﬂm,DOE(nhim)rdGAOHanimﬂulhmdmhhiwthbd

wverage rade b all cutstanding government debt. whw,hudmmwcmpmltm,thtuﬁghhng-mmrhnvﬂauo

inhe frat year of the iovesiment ia mare ageoprinte. - The rate shown here for ham is the 30y T-Bond rate in 1985,
(a'ﬂnmddwmhlnmmimlplmﬂmddudw-hmhwmdnﬁﬂ“ﬁthﬁddhﬂ. Thwse payments sccrus insorest

8 the rae of the disocunt facky shown sbove.

Part 2: Derivation of Allocation Between Defense and Commercial Sectors

U.S. URANUM ENRICHMENT ENTERPRISE SHIPMENTS OF SWU's FY1960-80

{SWU's in Thousands)

Yam Dalare Covlian Yeu Delarme  Civilun
1060 2,580 1,247 1980 M5 1076
197 2416 3,265 1981 1319w
191 1,845 8410 1982 1538 14,155
1972 253 8173 198 1281 14977
wn 521 n2 1984 LH0 11,198
"W M5 15,783 1085 147 10,060
1975 @08 8,266 1086 1,20 (V-]
1976 7 11,654 w7 v 297
1w 1,652 10917 1988 1,062 10,503
1978 1,332 12,730 1088 M7 1en
1900 900 14,681

Towl 2808 211377
% of Tet. Shipmanbs 1™ 8%

(1) SWAS's wier 0 “Saparalive Work Units* the measure of snvichment services.

-] Plhlhim.lllduntddmm*bd‘Suncdlmopi«nidmmlm“ohiwmmdmhnmbh
inl sactor, athaugh the above numb do notrelect this. Al esimaies of urrepaid debt also begin in 1969,

(3 Datafor 1090 ware 541 SWU's b the deforse secior and 10,152 ko e cvilian seckr.

Scurce: Eugens Schvwitt, Offics of Uranium Envichment, 115, DOE, Oclober 5, 1962

Part3: Decommissioning and Decontamnination (D&D) Cost Sharing

Curent DOE Aconal Bl

Estimaied Cost for DED, all 3 plants 3 Summaion of nominal past and fukre paymaents
Cammercial Share 1.404  DOE Adminmsirstive Decision

Achul Retio of Commarcial/Delese Shares 45.50% Now 1

Nokes to Part 2.

(1} This asimaie is used in e alocabons below, and difiers ko the bgure in Part 2 bocause DAD costs wer inaued goinyg back 1o the beginning of
UEE, while the calcuision of urocovored costs began crdy i 1960. The breakout shown is rom e 1909 UEE Annual Report, p. 25,
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Part4: Cost Estimates for Decommissioning & Decontamingtion

$Blions
3 From Put)
246 Constant 19895 From Pwrt §

A DOE Evimald Cost, Naminal Value
DOE Acorual, Constant 1986$
Plus arent acarual for site remediation
not classified by DOE as DED

1. Pre-DAD maintenanos wd survedisnce at -
Oak Ridge 043 Cansiant 19895; From Part 5
2 Remedal Actiors at al Thres Siles 0.61 Constant 19895; From Part 5
Total DOE Aconal® 150

.

'thghilldhislmnlhubnpidw!hﬂh,uhwuiirdwhUEEUMMM,MWW

foderal investment shown in Part 1 would reflact the losses. The sddiional DOE sccrusis reect associated aosis b the civikan users of UEE for
remedialing the sites, but whic for no clear reason are excuded rom DOE's total of current DSD scerusls. Thess items are added 1o the $3 kilkon total
Yo avaid double couniing wrrors when netting the DOE. DED acanual from aontractr DAD esimates beiow,

B. Swith-Bamay Extmale
EltCﬂdDommiu.hOﬁRidgoM B lM;bun&nﬂ!Bmw.p.ﬂ?;GAOﬁ-ﬂCEWlm,p.m
Exirapolation ko Cleanup of 3 siles ]
o
——Bilions of 1992 Dollars-— —=Billons of 1980 Dollars*'——
Lower Lower
D. DOE Contracier Esimaies Band  Expecisd HghEst | Bamd  Expecied HohEst  Source
Cleaning of Buildings and Equipmant nz 161 24.15 1038 1483 2224 EBASCO Servioss, Inc., quoled in GAO/RCED-@2-BR, p.2
Remedial Action, Surrounding Soil and Waler 3 E] 3 276 27 276 Martin Marisits Energy Systems, quoted in GAO/RCED-%2-77BR, p. 2.
Canversion and Disposal of Low Lavel
Radioactive Uranium Wasie Sireams 13 19 41 120 175 378 Marin Marietta Energy Systems, quoted in GAORCED-82-778R, p. 2.
Total D&D Coats 1557 a N2H 14 1934 218
TLG Enginesning Estimute 139 187 1280 1538 TLG Enginwering, p. 5. Covers aame scops as EBASCO shudy

and TLG asimam is inside the EBASCO range.
'Edinlhswombdb'lmul'ngGDP'llﬂdpieodolmdlhimh'&tqu&lmlm,'ﬂn.‘lﬁ,p.ﬂ. GOP raiher than GNP dedlators
Welﬂdhmm“bmwhmﬂﬁhddmmmnﬁﬁmﬁﬂpdﬂlmhhﬁylm The end-obyear 1991 price dellator was used
mmean-.mwm,mmmmm.amhMy|MMhMMmummhmmhmm.

E High and Low Esiimuies - Most Lksly 1o be Accursie Scenaricc Contracks Esimetes

LowEst  HghEst
{Blons of 1900%)
Total Esimabed DAD Costs {7171 1538
Loss Cunrent DOE Acorual for DAD 150 350 See Puts 4A and 8, indudes fulure aconssls through anviched uranium sales.
Net DAD Expected Shortiad 1084 1"y
Commercial Share 4680%  46.80% From Part 38 sbove,
Nat D&D Subsidy i Commercial Fission &N 720
Less Spacial D&D Charge on Ukites 207 207 The Energy Policy Act of 1962 levies 2 total of $2.25 billion (rael 19925) in DAD charges ovar 15 pears.
Subuidy, not of special charges 484 513 '
Pariod of Undersocrual % 3% Notw 1
Estmaind Real biivrest Rade 0014 0 Refects the paycut of cash as it is collected; see Nots 2
Arnuakired Payment ($MBicns) 1000 1424 Now 3
Mok © Pt AE:

(V)] Tho&uiuilmﬂmnmlﬂu'nghmdiwhlm,mdmmhdmhm,lpciddum.

(2 The 1.4% reln is the historical, htmqwmmmmmmmmtmm1M(m,m The government yield was
chosen since the defiitin UEE was inanced frough go W bortowing ﬂumnhdbmudhddmhﬁﬁlummuhhﬂhmwmﬁlbo
ocaring 83 the knds are accnved for much of the acarual pariod. As arenil, there may be no unapent coleckons on which 1 e a reum.

(&) ﬂilishnmlmblwmhw.mbdhvhﬂyD&DbyMMdln#nnleDM
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Part 5: Conversion of Nominal DOE Accruals For D&D and Relsted Costs to Constant 1060$

A. Current Nominal Acorued
Fre D&D Remedial

Your Cost  DAD Accruals wark @ ORGDP Acion

Accrued Nomingd 19895 Nomina 19895  Nominsd 19808
1883 45 a2 102 . 20 m 285
1989 5 5
1990 58 56
1991 s s
19% 58 51 These payments are DOE's planned accrual of DAD funds over the temaining faciity lite,
198 5 49
1904 58 o Sowoes: DOE, UEE Arrnal Reports, 1908 (pp. 30,35) and 1980 (p, 30,
1005 [ "
1996 5 a
1997 ) @
1908 5 )
1990 58 38
2000 s %
2001 ) %
200 B " om
20m ™ 2
2004 58 N
2008 58 -]

1,404 1.151
Discount Fackr 0.0435 Equal to the cumulaive average growth rale in the GNP implicit price dellalor batwean 1950 and 1990,

B. Summary of Adusiments  DAD kputs Shown in Pt 3

Total DOE Acorual Commardal Shive Total Couts
Nomindd 10868 (19008
Parcwntage of Totl Costs C 0.468 From Part 3
Dap 1,404 1,151 2450
Pra-DAD Work at Owk Ridge 12 20 427 Adusw in Part A o il shave only. Theos are
Remedid Actons 285 a5 610 scaled up 1o rellact e lotal cost, he nesded nput for Part 4E.
Towl 1,881 1636 3,406

Adusinent of Enargy Policy Act UEE Collackions o 19808
Bilkorrs
225
207 Sewnole in Part 30 for details an conversion.

Total Callections, Rewl 1962 §:
Total Colleclions, 19808

Part6: Summary of Annua! Subsidies to Uranium Enrichment

LowEst  HighEst
(Miliora of 1900%)
Urvecovered Capital 7 ('Y
Decommissioning and Decontamination 1000 1424 B
NRC Liowning NO NQ  Ses acoompanying lext for di
Insurance NQ NQ  Ses sccompanying et for drecussion.
No Required Rate of Reum NO NQ S sccompanying et for discusss
Tax-Exsmpt Operating Siatss NQ NQ Ses parrying \wxt for de
Towl 71 10068
Nolen w2 Purt &

(1) Mouui'ndohdud’mmimpuhdvmh.mmmtdeuhummﬁmmwhmwix The sbeonce of a rale-ol-retum, though it does
reduce the cost strucire of the enterprine, is not a drect cost 1o the federal government.
(2) "NQ" refers 1 "Not Quaniified *

Scurces for UFF Workshent

Coopers & Lybrand. “Unrecovered Goverment Costs of the Uranum Envichmaent Enterprise,” May 1990, Propared for the Smith Barney shudy,
EBASCOEWM,'P'MCHIEMEM\.lemn.thllelimHllh,'SﬁHWl. Prapared for DOE.
Rebotson Associakes. “Skks, Bonds, Hils and Inaiion: Market Reaults from 1926 % 1990, 1961 Yaarbook,

Smith Bamey, Harmis Uham & Co. *United States Urarium Envichment Esarprize, An Indepand t Financial Assesament” May 1990, pp. 77-82.
TLG Eng - “Preliminary Cost Estmais ke 080 of the Gaseous Difusion Plants," Sapt 1991, Doc. $14-25-002

U.5. DOE. “H.R. 776, The Energy Policy Act of 1992 As Passed by Congress.” Oct. 15, 1992

U.S. DOE. "Uraium Ervichment Annusl Fleport,” for the years 1987-1900.

U.S. GAD, "Comments an Smith-Bamery's Uranium Envichment Analyais,” Testimony of Vickor Rezandes, Director of Energy lasves, 78090, T-RCED-50-101.
U.5. GAD, "Uranium Envichmant Anslysis of D inwtion and Decommissicning Sownarios,” November 1991, RCED-82-77BR.
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DOE: NUCLEAR WASTE FUND

The Nuclear Waste Fund is a supposedly self-financing fund collected from generators of
radioactive wastes and used to develop the technologies and facilities necessary to safely dispose of the
nation’s nuclear wastes.”® The Fund is financed through a 0.1 cent/kWh fee on nuclear-generated
electricity. In return for these payments, plus a one-time levy of $1.452 billion to cover the costs of wastes
generated prior to the establishment of the fund in 1983, "utilities are relieved of further financial
obligation for waste disposal." (GAO/RCED-90-65,2). Since the facility will also handle some defense-
related nuclear wastes, the defense share of the facility has been set at 14.9% if there is one repository
built, or 17.3% if there are two. (Nuclear Waste Fund Fee Adequacy, 11/90, 13).

Subsidies from the nuclear waste fund can take five forms: incorrect projections of receipts and
facility costs; insolvency of contributors prior to payment; its tax-exempt status; its lack of a required rate
of return on invested capital; and uncompensated risk bearing by the public and the States. For the
facility cost projections, contributor insolvency, and uncompensated risk bearing, the current cost to
nuclear utilities appears to be lower than the actual cost to the country, reducing the current private cost
of providing nuclear power. The tax-exempt status and lack of a required rate of return also reduce the
current cost to nuclear utilities, increasing the barriers to entry for non-nuclear energy alternatives.

Incorrect Projections of Receipts and Facility Costs

The Fund is intended to recover all costs associated with researching, constructing, and operating
the nuclear waste depository, now limited to the Yucca Mountain site in Nevada® Every year, the
Department of Energy must estimate whether the current levy is sufficient to meet projected program
needs as per the Nuclear Waste Policy Act of 1982. These assessments have, every year, determined that
the current levy is, in fact, sufficient to meet facility needs.

This estimate is subject to a great deal of uncertainty, however. First, the estimates assume a
program life of 100 years (GAO/RCED-90-65, 10), requiring that assumptions hold over an extremely long
time period. This includes assumptions on real interest rates and inflation rates, both very difficult to
predict with any accuracy. Since the fee is not indexed to inflation, incorrect inflation estimates can have
serious repercussions. In addition, revenues are dependent on how many utilities generate how much
electricity (thereby paying into the fund for each unit), over how long a period of time. DOE estimators
assume that the average reactor will last 40 years (as of 1987); state regulators assume 30-35 years. DOE
estimates assume no decline in performance as reactors get older, and that average industry capacity factor
will increase gradually to 65% in 2000 and 70 percent in 2020. The capacity utilization table on the next
page suggests that even capacity factors do not always move in a predictable manner. In fact, three
government studies in the 1970s, and one in 1985, found dramatic declines in capacity factors as the plants

*The fund was originally earmarked for use only for nuclear waste disposal. Beginning in FY92, $19.7 million /year can be used
to pay for Nuclear Regulatory Commission oversight costs of utilities (OMB 92, 4-1154 - 41157), In addition, there have been some
violations that have recently come to light where money from the Fund has been used for discretionary (self-initiated) R&D by the
DOE laboratories. In FY 1988, $1.3m was assessed from the fund for non-nuciear waste uses; in FY 1989, this rose to $1.42m. This
amount is deducted from our high estimate of the Nuclear Waste Fund subsidy. (US GAO, Energy Management: Better DOE
Controls Needed Over Contractors’ Discretionary R&D Funds, December 1990, p. 41).

*There is some uncertainty whether there will be one or two repositories. The currently authorized capacity at Yucca Mountain
(70,000 metric tonnes) is less than the projected need for disposal capacity (96,000 metric tonnes of waste) -- even if no new reactors
are built, (Chapman, 252).

B4-75

PDF compliments of www.earthtrack.net



Federal Energy Subsidies: Energy, Environmental, and Fiscal Impacts

aged*® With no new plants bailt in the US. in over a decade, it appears that the industry average
capacity factor will decline over time, rather than rising or staying stable as necessary to meet revenue
projections. Interestingly, DOE studies after 1985 assume no decline in capacity factors of aging plants,
though no study was done to support this revision.

DOE does make projections in a worst-case scenario in which no new reactors come on line to pay

into the fund, reducing errors of underestimation in this area.

Historical Capacity Factors of United States Nuclear Reactors

-

Year " Capacity
Factor
1973 53.7%
1974 479
1975 56.0
1976 54.9
1977 634
1978 64.7
1979 585
1980 564
1981 584
1982 56.7
1983 544
1984 563
1985 58.0
1986 569
1987 574
1988 635
1989 623

Source: "Nuclear Power Plant Operations,” Energy Information Administration Monthly Energy Review,
February 1990.

“us. Department of Energy, Update: Nuclear Power Program Information and Data, DOE/NE-0048/8, Feb. 1985, p. 57; and a
1972 study by the Atomic Energy Commission (WASH-1139), a 1975 update by the Energy Research and Development
Administration (update to WASH-1139), and a 1970 Sandia National Laboratory study (NUREG/CR-0382 and SAND 78-2359). Cited
in Kriesberg, 11/87, p. C-7.
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In addition to uncertainty regarding model assumptions, there is uncertainty associated with the
actual costs of facility construction. The estimated costs of the Yucca Mountain facility increased
approximately $8 billion between 1983 and 1988.*' (Chappie, 1453).

From the level of uncertainty involved with all aspects of projections it is clear that there is a
significant possibility that it will be underfunded. Even DOE’s own models show fund shortfalls if
average inflation or real interest rates are off by even 1% over the 100 year model period. All net fund
estimates include interest earned on the positive fund balance during the earlier years.

Low End Estimate. We assume DOE’s model is correct and that there will be no shortfall in the
fund, yielding zero-subsidy.

High-End Estimate. We assume that GAQ’s estimates of fund shortfalls, due to the itemns listed
above, is correct. This yields an end of facility life fund deficit of $45.8 billion for a one-repository system
and $80.2 billion for a two-repository system (in 1989%). (GAO/RCED-90-65, 39). Using information
provided by GAO on the expected duration of fund collections, and the expected life of the facility, this
large deficit is converted into annual payments which, if collected during the time the waste fund accepts
waste, would provided enough funds to avoid a shortfall. (Our high-end estimate is based on a 1-
repository systern).

Insolvency of Contributors Prior to Repayment

Although current fees are collected on a current basis, payment of the one-time assessments to
fund government handling of waste generated prior to 1983 was not. Utilities were given the option of
paying in full by June 30, 1985 with no interest; in 40 quarterly payments with interest; or in a future
lump-sum payment (including interest) by January 1998.2 This payment method gives rise to subsidies
through the interest rate charged, and through the potential default on obligations to pay.

Interest Rates. The unpaid balance accrues interest at the government’s rate of borrowing until
paid in 1998. The cost of capital for these utilities, especially those with insecure financial conditions (see
below), would be higher. While the utilities who deferred payment are definitely being subsidized and
should be included in our high estimate, we assume that our estimate of the subsidy to the Waste Fund
overall would not change, and that the low interest payments are already reflected in the size of the fund
deficit at closure.

Default on One-Time Payment. According to the Inspector General of the Department of Energy,
11 of the 17 utilities who chose to defer payments until 1998 are in uncertain financial position and may
not be solvent to pay. (DOE/IG-0280 cited in GAO/RCED-90-65, 45). These 11 utilities owe a total of $2.1
billion in interest and principal by 1998. (DOE/IG-0280, p. 1).

Low-End Estimate: Zero; all utilities will pay their debt in its entirety.

“Between 1983 and 1986, estimated cost of building a fadlity increased by between $2.1 and $10.4 billion (range estimates). This
corresponds to a percentage increase of between 9.5 and 45.8%. (GAO/RCED-87-121, 48).

“The assessed interest rate is the 13-week Treasury bill rate compounded quarterly between April 7, 1983 and the first payment.
Under the option of 40 quarterly payments, once the first payment is made, interest is calculated at the 10-year Treasury note rate
in effect at the time. (Office of Civilian Radioactive Waste, 1989 Annual Report, 39). These interest rates are probably significantly
lower than the utilities’ costs of borrowing.
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High-End Estimate: Based on the concerns expressed regarding utility solvency, we assume that
only 50% of the amount required will be repaid. This generates an expected loss of $1.05 billion in 1998
at the facility opening. Using the period between 1985 (when utilities could pay in full without incurring
any interest charges) and January 1998 when the payment is due, and a discount rate of 6.804% (the
average of the monthly average 3-month treasury bill rates between 1985 and 1989 as a proxy for the
interest rate on the 40 quarterly payments - see note 42), we calculate the annual payment that would be
needed to avoid a shortfall.

Uncompensated Risk Bearing by the American Public

Upon paynfent into the waste fund, the power plant lability for nuclear waste shipments ends.
It is the responsibility of the federal government to package the waste, ship it to the disposal site, dispose
it, and monitor the disposal site. All of these activities involve risk; risk of spills, accidents, material loss,
exposure of the population to radioactivity, etc. All of these risks are borne by citizens, especially by
those on rail or highway transport routes to Yucca Mountain, essentially for free, since the government
and all contractors are indemnified under the Price-Anderson Act. (Kehoe, 3,4). With one disposal site
in Nevada, but with nuclear plants all over the nation, some of the wastes will be shipped for thousands
of miles. It is clear that

Government responsibility for ultimate waste disposal removes significant uncertainties
from those investing in nuclear power production. (Bowring, 63).

The risks are not insignificant, and should be regarded as subsidies. We are, however, unable to quantify
them and include them here.

Lack of a Required Rate of Return and Tax-Exempt Status. The lack of any required return on invested
capital, along with an exemption from paying federal income taxes, both reduce the costs of handling
nuclear waste. These benefits do not exist for competing fuels. Hazardous and combustion waste from
coal burning, for example, must be disposed of at facilities which are often privately owned and operated.
The disposal prices, unlike that for nuclear waste, must be high enough to provide an adequate after-tax
return for the operator. As with uncompensated risk bearing, these subsidies do not appear in our total.

Decommissioning
Decommissioning one or more nuclear waste facilities at the ends of their productive lives is

included in the DOE Waste Fund Fee Adequacy Assessments. We assume that the provisions for
decommissioning are sufficient and that there is no additional subsidy in this area.

Sources on the Nuclear Waste Fund

Bowring, Joseph. Federal Subsidies to Nuclear Power: Reactor Design and the Fuel Cycle. Pre-publication
draft. Washington, DC: Energy Information Administration, March 1980.

Chapman, Duane. "Decommissioning and Nuclear Waste Policy: Comprehensive or Separable?” The
Energy Journal, V. 12, 1991, pp. 247-254.

Chappie, Damon, et al. "Looking Back at the 100th Congress: A Review of Activity on Environmental
Legislation,” Environment Reporter, 11/11/88, p. 1453.
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DOE: Nuclear Waste Fund
Part 1: Shortfall in Accrual for the Nuciear Waste Fadility Since Fund inttiation
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Part4: Projected Defauit Rates on One-Time Paymertts
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NUCLEAR REGULATORY COMMISSION

The Nuclear Regulatory Commission was created in the Energy Reorganization Act of 1974 with
the mission of assuring that civilian uses of nuclear materials in the United States are carried out to ensure
proper protection of health, safety, environmental quality, and national security. The commission
regulates nuclear materials in medical, industrial, and research applications as well as in power plants.

The NRC regulates reactor design, siting, and operations of nuclear power plants, including the
licensing of transporters and disposers of radioactive materials. The Agency was also responsible for
overseeing the clean-up at Three Mile Island.

Data on NRC spending by category was taken from the OMB Federal Budget. Detailed data on
offsetting revenues is from the two page financial statements presented in the NRC 1990 Annual Report.
Due to a range of values concerning the commercial utility share of radioactive waste, we generate high
and low estimates for NRC.

The Omnibus Budget Reconciliation Act of 1990 required NRC to recover all costs from licensees
for fiscal years 1991-1995. Renewal of the legislation in 1995 will be necessary to continue full cost
recovery past that date. (Ingram, 3/1/93). For all years prior to 1991, the NRC provided hundreds of
millions of dollars in uncompensated oversight to the commercial nuclear industry.

Reactor Safety and Safeguards Regulation

Tasks include all NRC licensing and inspection of civilian reactor facilities and designs. The NRC
conducts reviews in the following areas: reactor operations reviews; human performance in reactor safety;
reactor operations inspections; operating reactor license rnaintenance and regulatory improvements; reactor
accident management; and reactor safeguards. (OMB, ‘91, A-1162).

Nuclear Safety Research

This area includes three main tasks: the provision of expertise and independent research (i.e., not
from the licensees) on short-term problems; long-term research (5-10 years) in support NRC decisions and
regulatory approaches; and the development of the regulations and guides necessary to implement policy
or technical requirements of NRC programs.

Nuclear Material Safety, safeguards, and low-level waste regulation

This area of responsibility seeks to ensure that nuclear materials and fuel cycle facilities do not
pose an undue health, safety, environmental, or national security risk. Tasks include all NRC licensing
and inspection of nuclear fuel-cycle facilities, users of nuclear materials, the transport of nuclear materials,
the safe management and disposal of low-level radioactive wastes, and uranium recovery activities and
related remedial actions.

High Level Nuclear Waste Regulation

NRC licensing and oversight efforts to ensure the safe handling, transport, and management of
high level radioactive wastes, including spent fuel.

Reviews, Investigations, and Enforcement
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Energy-Related Federal Agency Activities

Review, evaluation, and investigation of NRC'’s licensees. Included are diagnostic evaluations of
plant safety, evaluation of operational events (i.e., mishaps), and provision of advice in these areas. Also
included is the NRC’s emergency operations center.

Office of the Inspector General

An Office of the Inspector General was established in the NRC pursuant to the Inspector General
Act Amendments of 1988. The purpose of this position is to review and appraise the integrity of NRC
programs and operations. (OMB, ‘91, A-1164).

Sources: o

Heede, Rick. Federal Energy Subsidies: Agency Obligations, Draft Report. Rocky Mountain Institute,
1986. .

Ingram, Frank. Nuclear Regulatory Commission. Personal communication, March 1, 1993,

Office of Management and Budget. Budget of the U.S. Government, FY 1991, A-1161 - A-1164.

United States Nuclear Regulatory Commission. Annual Report 1988, June 12, 1989.

United States Nuclear Regulatory Commission. Annual Report 1990, 1990, pp- 199, 200.

NUCLEAR WASTE TECHNICAL REVIEW BOARD

The Board is directed to evaluate the technical and scientific validity of DOE’s nuclear waste
disposal program undertaken after the Nuclear Waste Policy Amendments Act of 1987. (OMB 91, A-
1164). The Board is funded through the Nuclear Waste Fund, and is therefore not subsidized by
taxpayers.

OFFICE OF THE NUCLEAR WASTE NEGOTIATOR

This position is created with the purpose and authority to attempt to find a State or Indian tribe
willing to host a nuclear waste repository or monitored retrieval site at a technically qualified site.
Funding began in 1990; therefore, it has no subsidy value for our 1989 snap-shot estimate.

PRESIDENT'S COMMISSION ON CATASTROPHIC NUCLEAR ACCIDENTS

The purpose of this Commission is to study the options for fully compensating victims (or their
survivors) of a catastrophic nuclear accident. The study, which was to be completed by 1990, was
authorized under the Price-Anderson Act Amendments of 1988. The Commission was abolished Oct. 1,
1990. (OMB "92, 4-1167). Funding was split evenly between commercial fission and the military sector.
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Other Federal Interventions Into Energy Markets

"Other” interventions is a catch-all category for the numerous remaining ways in which the federal
government intervenes in energy markets. There are three main types of intervention covered in this
chapter: the Assumption of Legal Risks, Changes in Market Rules, and Federal Procurement of Energy
Services for Internal Use. Most of these interventions involve changing the rules under which private
entities operate rather than the payment of direct financial subsidies from the federal government. The
impact on market structure and the viability of emerging energy sources is extremely large nonetheless.

The assumption of legal risk reduces the costs of production for certain private entities in the
energy sector by indemnifying them against accidents or other mishaps, or by shifting these risks from
the producer to the public. Changes in market rules alter regulations governing the access to energy
markets, pricing, and terms of sale. These changes can dramatically alter the risks and rewards (increase
or decrease) of particular economic activity. Federal procurement of energy products and services affects
energy markets through purchase preferences, and through the volume of products and services
demanded. Each category is described in more detail below:.

Assumption or Shifting of Legal Risks/Indemnification

Federal laws or actions may transfer private market risk to the federal government, or to the
populace at large. Since private markets charge a price for risk-bearing, intervention in this arena to
reduce the risks borne by particular energy producers can reduce (sometimes dramatically) the cost
structure of the industry. Where risks are very difficult to predict or measure, such as with nuclear

reactor accidents, federal intervention to limit or cap risks may be the main factor enabling the industry
to develop.

The federal government reduces the legal risks for private industry in a number of ways. It may
cap the amount of money that the private sector must pay in the case of an accident through statute, such
as with the Price-Anderson Act covering nuclear reactor accident liability. It may also promise to pay for
damages directly itself, through indemnification of the private party. The Price-Anderson Act also has
an indemnification component.

The government may also run or finance insurance programs directly (as it does with crop-
insurance), or guarantee repayment of loans (as it does with many loan guarantee programs). While all
of these examples have some similarities, we separate them into federal indemnification, and federal
insurance and loan guarantees. Insurance programs and guarantees are included under the federal
agencies section of the report since risk assessments are done as a normal part of the on-going activities
of a federal agency, and beneficiaries may be charged at least part of the cost of the services.

Indemnification or risk shifting is different. A statute says, in essence, if there is an accident, "the
federal government will pay all/part of the damages,” or "the company is not responsible for damages
exceeding a certain amount." There is no charge for this service (although some conditions may have to
be met). As a result, there are no on-going operations to measure risk, adjust the expected cost of these
programs, etc.

Liability caps without federal indemnification reduce private risks by shifting them to surrounding
populations, or to future taxpayers. In neither case do the unwilling recipients of the risks get
compensated for their exposure. The Price-Anderson Act, for example, does not statutorily protect
accident victims above the levels of private insurance and federal indemnification. The allowance for
utilities to underaccrue funds to finance the decommissioning of their nuclear power plants shifts the
risks for shortfalls to future ratepayers or taxpayers. Both actions reduce the costs of nuclear power today.
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Federal Energy Subsidies: Energy, Environmental, and Fiscal Impacts

The implications of these risk-based subsidies are important. In addition to reducing the current
cost of power generated by more risky methods, risk-subsidies hide the risks of current options. Current
decision-makers may not be able to evaluate which of their current options pose the lowest societal risks.
They may also have less of an incentive to make choices which minimize these risks, since they do not
bear the full costs of poor decisions. This issue is worthy of additional research.

At least two areas are not included in this section due to data limitations, but should be examined
in future research. These are the liability caps recently placed on transporters for oil spills, and issues
associated with damages from coal mine subsidence, which historically were not always borne by the
mine-owner.

£l

Price-Anderson Act Nuclear Liability Cap and Contractor Indemnification

Background

The Price-Anderson Act was enacted in 1957 to facilitate the growth and expansion of the
commercial nuclear industry. The perceived risk of enormous catastrophic losses in the case of a nuclear
accident made private insurers unwilling to back the industry. The technology was new and much was
unknown about the operating characteristics of commercial fission. Similarly, without any historic
actuarial information on which to base rates, nuclear insurance seemed a dangerous proposition indeed
for commercial insurance firms.

Price-Anderson solved much of this problem. First, the Act indemnified all contractors and
suppliers who design and build commercial nuclear plants; or who operate federal nuclear fuel cycle,
research, or disposal facilities from liability in the case of an accident - even in the case of gross
negligence. This indemnification includes all parties involved with nuclear waste transport from
commercial reactors all over the country to the proposed disposal facility in Nevada.! Second, the Act
capped the losses for which the insurers and the utilities would be liable in the case of an accident.

A two-tier system of coverage was set up. The first tier is comprised of "normal" insurance, where
utilities purchase coverage up to a certain limit, and pay annual premiums. Private insurance companies
have been hesitant to increase their coverage for nuclear accidents. Thus, first tier insurance availability
has remained constrained over the past 35 years. The second tier is comprised essentially of guarantees
to pay a certain amount of money retrospectively in the case of an accident. These two components
together now provide coverage up to the statutory limit set by the Price-Anderson Act. To the extent that
losses exceed the insurance cap, the federal government would be the only source to pick up the tab.
Since only the value of the liability cap for utilities has been estimated here (benefits to other contractors,
operators, and transporters are excluded), the estimates which follow are likely to be too low.

'According to an Office of Civilian Radioactive Waste Management in DOE, by the year 2020 there will be over 220,000 spent
fuel assemblies to transport even if there are no new orders for reactors, With the assemblies grouped into shipping casks, tens
of thousands of individual trips would be required to move the assemblies to disposal sites, These trips would cover between

27 and 65 million miles, depending on assumptions used regarding the available disposal points. (Rothwell, 12-14).
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Federal Energy Subsidies: Energy, Environmental, and Fiscal Impacts
The Liability Cap

The Price-Anderson Act liability limit has gradually increased over time (see Table below). The
total private coverage available (first-tier plus second-tier insurance) increased from $60 million in 1958
to $7,153 million in 1988. This increase came from a number of sources. First, the amount of private, first-
tier premium-financed insurance available has increased from $60m to $160m during this period. In
addition, a second tier of liability coverage in the form of retrospective premiums was added in 1975 and
increased in 1988. This provision created a statutory obligation for each utility to pay a set amount of
money after an accident into the cleanup pool. The cleanup pool grew both due to statutory increases in
the contribution per reactor and from an increase in the number of nuclear reactors in operation. The
maximum payment was increased from $5 million in 1975 to $63 million per reactor in 1988.

The retrospective premiums are responsible for most of the growth in utility coverage for nuclear
accidents. In fact, the "increase” in the first tier insurance availability is actually a decrease in real terms.
Using the GNP implicit price deflator, $160 million in 1989 dollars is equivalent to only $36.9 million 1957
dollars! versus the $60 million available in 1957.

The 1957 Act mandated a minimum of $560 million in utility responsibility for an accident. This
level was not actually achieved until 1984. Between 1957 and 1984, the shortfall was covered by the
Atomic Energy Commission (and then the Nuclear Regulatory Commission beginning in 1975) in return
for a fee from the utilities. (Holt, 2). We do not know how closely this "fee" resembled an insurance
premium, although it can be safely assumed that it was less expensive to the utilities than the alternative
of buying private coverage. Above the second tier coverage, no additional payments are guaranteed.
Proposals for a third tier of coverage, in the form of an additional $8 billion in indemnification from the
federal government, were defeated in the 1988 reauthorization. Congress stated only that it "will take
whatever action is deemed necessary and appropriate” to provide additional compensation. (Holt, 3).

Subsidy to the Commercial Nuclear Power Sector

The commercial nuclear power sector receives a subsidy via the liability cap and indemnification
provisions of the Price-Anderson Act. Without the law, the utilities would be forced to purchase private
market insurance to cover far larger amounts - if such insurance were even available. The underlying
assumption behind this claim is that many damage scenarios of a nuclear accident exceed the $7.2 biilion
in total coverage available. Thus, using a distribution of expected damages multiplied by the probability
of those accident scenarios occurring, a number of researchers have generated estimates of the uncovered
liability. To the extent that Congress steps in to pay damages in excess of $7.2 billion, these uncovered
liabilities are borne by taxpayers. An absence of such action by Congress shifts the risk bearing to the
citizens in the accident region.

Subsidy Estimates

1) Professor Jeffrey Dubin at the California Institute of Technology, and Professor Geoffrey Rothwell at
Stanford University estimated the value of the Price-Anderson Act subsidy to nuclear utilities using NRC
expected loss scenarios, and the implicit rate of return required by insurers on the first tier insurance
provided. They differ from other researchers in that they include a range of accident severities, with more
severe accidents having a lower probability.

Dubin and Rothwell calculate a liability subsidy of $60 million per reactor-year prior to the 1988
amendments and $22 million per reactor-year after. The value of the subsidies in 1989 was $2.746 billion,

‘Implicit price deflator data are from the Economic Report of the President, 1991, p. 290.
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and the cumulative subsidy between 1959 and 1989 was $128.5 billion.® (Dubin and Rothwell, 8). Their
calculations use a $560 million limit for liability insurance between 1959 and 1982, although federal
indemnification formed most of that coverage for much of that time (beginning at $500 million, and
dropping finally to zero in 1984). (Holt, 3). To the extent that federal fees for indemnification represented

token payments rather than risk premiums, the actual subsidy during this period (1959-1982) would have
been even higher.

2) Pennsylvania Insurance Commissioner Herbert Dennenberg, using Atomic Energy Commission
estimates for worst-case damages, calculated a subsidy of $23.5 million/reactor-year in testimony before
the Atomic Safety Licensing Board in 1973. This is equivalent to $60.0 million in 1989 dollars. With 110
reactors, this amounts to $6.6 billion/year.* However, this estimate assumes that the probability of an
accident with damages between $40 and $60 million is equal to the probability of a loss of $40 billion.
(Dubin and Rothwell, 3). In addition, since it was done in 1973, the estimate does not reflect the increase
in utility liability fof accidents through retrospective premiums.

3) CIGNA insurance company studied the cost of providing limited nuclear risk policies (property loss
only) to Pennsylvania homeowners at $25-$30 per home in 19843. Using estimates of the number of
homes (4.4m) and nuclear reactors in the state at the time (five), Bossong estimated the cost at $25.5-$31.1
million/reactor-year in 1989%. (Bossong, 7). Assuming similar insurance rates across the country, the
CIGNA study yields a crude approximation of the value of Price-Anderson of ($25.5-$31.1) x (110 reactors)
= $2.8 - $3.4 billion per year.

4) Other estimates presented by Bossong, but calculated by various other groups range from a minimum
of $832 million to $10 billion per year. (Bossong, 9). We judged the $10 billion/year estimate, produced
in a 1984 National Audubon study, to be problematic for two reasons. First, it ignores the probability

distribution of an accident. Second, it does not accrue the payment for damages over a realistic time
frame.

The $832 million estimate (1989%; scaled from $750m in 1986$) assumes that coverage for off-site
damage (which is not required due to the Price-Anderson Act above statutory limits) costs the same as
coverage for on-site damage (which the utilities currently buy). However, this estimate assumes coverage
only to the amount of $1.7 billion. Since many accident scenarios project more than $1.7 billion in

aggregate damage, full coverage, even using this estimation approach, would likely be higher. (Bossong,
8).

Surnmary

It is clear that Price-Anderson provides some form of a subsidy, though the estimates as to the
magnitude vary. The estimate we judge most valid is the Dubin and Rothwell study for a number of
reasons. First, it is the only estimate that incorporates the changes in the 1988 Reauthorization Act.
Second, it most explicitly addresses the issue of a range of probabilities for accidents. However, even this
estimate measures only the value of the Price-Anderson subsidy to utilities. Federal indemnification of
contractors is not included. We estimate the value of the Price-Anderson insurance cap to nuclear utilities
to be a minimum of $832 million per year, with our best guess estimate of $2.75 billion per year.

Sources

*Dubin and Rothwell estimates scaled to 1989 dollars using the GNP implicit price deflator.

“The total number of reactors is 110 since the Shoreham reactor never began operation. (EIA, Monthly Energy Review, Feb.
1990, p. 86.
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Underaccrual for Nuclear Decommissioning Costs

With most industries, shutting down operations is not much of a problem. Rent the office space,
sell off or throw away the leftover assets, and you're on your way. Nuclear fission stands in stark contrast
to this. In addition to the radioactive waste, which must be monitored for hundreds of years, the utility
plant itself must be carefully sealed or removed, a process called "decommissioning,”

Decommissioning may be done three ways. Immediate dismantlement involves radioactive
decontamination of the site as soon as the plant retires. Temporary storage "mothballs” the nuclear plant
for a specified number of years to allow much of the shorter-lived radioisotopes to decay prior to
dismantling the plant. Entombment encases all of the radioactive components in steel or concrete to shelter
the surrounding population from radioactivity. The problem with entombment is that the radioactivity

lasts far longer than the tomb. (Hindman, 5). Any of these methods require the expenditure of large
sums of money at the end of the plant’s life.

Financial problems with decommissioning arise if the nuclear utility does not have sufficient funds
on hand at the time of decommissioning to pay the cost. Such a fund shortfall could be the result of
either underestimating the costs of the decommissioning process, or of insufficient accrual of the funds
necessary during the operating life of the plant. In either case, the decommissioning would have to be
funded either by the taxpayers, or by a tax on the customers of the utility at that point in time. In neither

case do those who used the nuclear-generated electricity pay the full private costs of providing that power
(even ignoring environmental and health externalities).

Estimating the Underaccrual for Nuclear Decommissioning

Our interest in nuclear decommissioning is to estimate the likely size of the current underaccrual
for decommissioning, at least a portion of which will probably be borne by the taxpayer. This estimate
requires a number of parts, each which are addressed in more detail later.

. How much will plants cost to decommission? The higher the cost, the more money that should
be put aside today.

. When will the plants be decommissioned? Depending on the method of decommissioning chosen,
funds accrued during the plant’s operating life can continue to earn interest (if the real interest
rate is, in fact, positive) between the point of closure and the beginning of decommissioning
expenses (0-60 years later. Further complicating the matter is the fact that the cost of

decommissioning a plant and disposing of the radicactive waste could rise slower or faster than
inflation in the interim. ‘

. How much wil] decommissioning trust funds earn in interest? The higher the yields, the lower
the current accruals need to be to build up the necessary decommissioning reserves.

. How much money do nuclear utilities plan to put aside, and how close is this to the amount
likely to be needed?

. What portion of the decommissioning shortfall is likely to be borne by the general taxpayer rather
than by the utility’s future ratepayers?

How Much Will Decommissioning Cost?

Estimating the expected cost of decommissioning is complicated by a lack of industry
decommissioning experience, different methods of estimating expected decommissioning cost, the type
of decommissioning to be done (e.g., prompt dismantlement vs. entombment), rapid inflation in the cost
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of decommissioning, and differing assumptions regarding economies of scale and learning in the
decommissioning process. :

Lack of Experience. There have been no real examples of the decommissioning process on which
to base cost estimates. The only fully decommissioned commercial plant in the United States was the
Shippingport reactor in Pennsylvania. However, this reactor was very small. As a result, DOE entombed
the reactor pressure vessel in concrete and shipped it by barge for burial in Hanford, WA. (Hindman,
10). Most of the reactors now in operation will have to be dismantled prior to shipping - a complicated
and potentially costly process.

While experience with decommissioning is quite limited, it is interesting to note that utilities
assume decommissioning will cost an average of $211/kW of capacity (Strauss and Kelsey, 60,61), while
the actual amount. Jpaid for the supposedly easier to handle Shippingport reactor was a whopping
$1361/kW (Fry, 96). Similarly, the weighted average expected decommissioning costs for reactors which
are no longer in operation and are either being mothballed or in the process of being decommissioned,
is $742/kW (Fry, 96,97), three-and-one-half times as big as the expected cost for the industry overall’
Even if the particularly expensive Three Mile Island plant is excluded, these utilities expect a weighted
average decommissioning cost of $466/kW.

And even these figures may be too low. The estimated cost for decommissioning the Yankee
Rowe plant increased after the plant was closed. In 1989 Yankee Atomic estimated that decommissioning
of its Yankee Rowe plant would cost $116 million. When it announced the closure of the plant in summer
of 1992, the decommissioning cost estimate had almost doubled in real terms, to about $220 million ($245
million in 1992$). This was due to “increased costs for staff and for disposal of the radioactive waste.”
(Chandler, 25). The expected costs of decommissioning the Fort St. Vrain Reactor, already included in the
group of retired reactors above, has jumped from the $242 million cost included in our average to close
to $300 million (1989$) currently. (Johnson and De Rouffignac). Neither of these plants are likely to be
the last example of this type of cost escalation as the decommissioning date approaches.

Cost Estimation Methodology. There are two basic approaches to estimating the cost of
decommissioning: site-specific estimates, and generic estimates. Historically, the generic estimates often
assumed that decommissioning costs would be some proportion of plant construction costs. (Fry, 88).
Site-specific estimates are essentially engineering studies of plant closure, and often yield very different
results. In one study comparing the decommissioning cost estimates (Strauss and Kelsey, 67), site-specific
estimates (in $/kW) were found, on average, to be 58 percent higher than the generic cost estimates. This
discrepancy suggests that the current industry expectations, based on the generic method, are too low.

Type of Decommissioning. The costs for prompt dismantlement of reactors, versus temporary
storage and mothballing differ. Mothballing may reduce final decommissioning costs but incurs interim
security and maintenance costs. Since 95 percent of the reactor decommissioning estimates currently
available assume prompt dismantlement and removal (Strauss and Kelsey, 65) we assume the same in
estimating decornmissioning shortfalls. It is important to note, however, that while reactors are now
entering the decommissioning stage, no waste repository is yet operating. Therefore, immediate
dismantlement is not be a viable option for utilities yet.

Depending on the real interest rate earned on funds (which may be either positive or negative),
and on inflation rates in the cost of decommissioning operations and radioactive waste disposal, delaying
dismantlement could either reduce or increase the present value cost of decommissioning. (See Rothwell
for a model to calculate the optimal waiting time to decormmission). The annual security costs to maintain

"According to Fry (p. 92), "decommissioning cost estimates for retired reactors may be less uncertain than estimates for
operating reactors” since many costs have already been incurred, radiation levels which must be handled are known, and the
regulatory environment is also known.
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and watch a mothballed nuclear plant during temporary storage are estimated at up to $15 million/year.
(Johnson and De Rouffignac). Paying these costs for 60 years would eat through an initial principal of
$443 million, even if that principal were earning our most generous expected real return of 2.7%. This
is a level significantly higher than the current expected total decommissioning costs for most of the
nation’s reactors ~ and this accrual would leave no money at the end to pay for the actual

decommissioning. The "holding cost" of temporary storage erodes gains from additional interest or
reduced costs from radioactive decay.

Economies of Scale and Learning. Implicit in many of the current estimates for decommissioning
costs is the assumption that costs per kW of capacity fall for larger reactors (economies of scale), and that
costs for reactors decommissioned later will fall due to lessons learned, and technologies developed, in
earlier decommissioning efforts. While there clearly has not been enough operating experience to
determine-the likelihood of these gains with any accuracy, a number of researchers have suggested the
gains are not likely“to be that large.

Fry (p. 101) concludes that the "limited experience available shows a marked lack of scale
economies,” although he is careful to point out the the current sample is small and not necessarily
representative. In contrast, Strauss and Kelsey found that "[slmaller plants cost more to decommission
on a per kW basis than do larger plants.” (Strauss and Kelsey, 65). One explanation for this difference
is that Fry analyzed plants that have already been shut and in some cases began to be dismantled, while
Strauss and Kelsey analyze the projected decommissioning costs for operating reactors.

Cantor compares the cost of decommissioning with the original cost of commissioning the nuclear
reactors, and points out that both economies of scale and of learning were anticipated but not realized
during plant construction. (Cantor, 110). She presents a number of possible explanations for why these
gains were not realized, including regulatory uncertainty and operating problems leading to construction
changes; and the clustering of reactor construction in time, as well as a lack of standard reactor designs,
inhibiting the transfer of lessons learned. (Cantor, 111, 113).

According to Cantor, since decommissioning will be less clustered than plant construction was,
learning may be more transferable. However, the non-standard reactor designs and the potential

additional regulatory changes suggest that the degree to which decommissioning experience is transferable
between reactors will be limited. (Cantor, 114).

The current utility estimated costs for decommissioning assume significant economies of scale and
learning (Fry, 103). To the extent that these economies are not realized, current decormissioning accruals
are likely to be too small.

Real Increases in Estimated Cost Components. Cost estimates for nuclear decommissioning have
been rising dramatically over time. Since 1976, the average real rate of increase in decommissioning cost
estimates has been about 16 percent per year. (Biewald and Bernow, 235). While utilities routinely
include a contingency factor in their cost estimates for decommissioning, this factor is generally only 25%,
a level that "would have allowed for only one-sixteenth of the cost growth that actually occurred” since
1976. (Biewald and Bernow, 235). While part of this increase is due to a lack of actual decommissioning

experience, part is also due to a changing regulatory environment and rapidly rising costs of radioactive
waste disposal.

When Will the Plants be Decommissioned?
Different methods of decommissioning require vastly different time frames. Prompt

dismantlement begins at the end of the facility life. According to a NISA survey, the average facility had
31 years of its 40 year operating life remaining in 1989 (NISA, 12). Our calculations of annual
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decommissioning payments are based on this expected lifetime. However, the 15 U.S. units that have
closed so far operated an average of only 12.7 years,

and with the average per-kilowatt cost of running a nuclear plant now edging higher than
the cost of a coal-fired plant, Department of Energy officials now say privately that 25%
of the remaining reactors may be closed in the next decade for economic reasons.
(Johnson and De Rouffignac).

To the extent that the average reactor life proves shorter than 40 years, our calculated annual underaccrual
in decommissioning funds will be too low.

Temporary storage would keep the facility "mothballed” following shutdown for very long
periods. Some arguments in favor of mothballing facilities for as long as 100 years have been made
(MacKerron, 105), since during this time frame, the decay of Cobalt-60 may allow readier access to the
reactor core. This would facilitate much simpler dismantling of the core. While a 100-year waiting period
may have some technological benefits, the current NRC limit is 60 years.

If the nuclear decommissioning trust is earning positive real returns, the interim costs are small,
and the expected costs and regulations associated with decommissioning are stable, the delay might also
reduce the cost to rate payers. However, in line with our "beneficiary should pay" approach, we assume
that the entire cost of decommissioning (excluding interest to be earned during any waiting period) should
be paid during the operating life of the facility. Therefore, decommissioning payments in all cases are
assumed to stop at the point of reactor shutdown, regardless of the method of decommissioning chosen.

The attached estimates assume further that all reactors will be promptly dismantled. This
assumption was made because 95% of the utility decommissioning estimates make the same assumption.
To the extent that real returns on decommissioning trusts, inflation of decommissioning costs, and
regulatory certainty favor temporary storage over immediate dismantlement, our estimates may be too
high. However, current trends in each of these parameters suggests that the opposite is true, and that
most reactors will be immediately dismantled, so long as a waste repository exists at the time of closure.

How Much Will Decommissioning Trusts Earn in Interest?

The real (inflation-adjusted) yield on trust principal will have a dramatic effect on whether the
fund ends up in deficit or surplus for any particular expected cost range. Real yields are affected by a
few key variables: the type of securities held, the duration of investment, and the tax-treatment of trust
earnings. These variables are, in turn, influenced by the type of decommissioning trust set up. We
describe these trusts first, and then discuss each of the variables.

Types of Decommissjoning Trusts

Decommissioning Trusts are special funds created by the nuclear utilities to accrue funds during
the reactor’s operating life in order to pay for reactor decommissioning at the end of the reactor life. Until
the end of the 1970s, very few utilities made any provision to accrue for decommissioning. (MacKerron,
107). Prior to 1988, funds for decommissioning could be held internally. Thus, utilities could accrue the
funds on paper, but there was no guarantee that the cash would actually be there when needed. In 1988,
the Nuclear Regulatory Commission promulgated rules which required the creation of external trusts.
This significantly reduced the risks of "commingled funds or default." ("Utiliies Move Closer to Nuclear
Decommissioning External Trust Compliance,” 21).

The NRC rules created two types of allowable trust funds: a qualified nuclear decommissioning
trust, and a nonqualified decommissioning trust. While these trusts differ in their tax treatment, and in
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the eligibility of utilities for each type of tax treatment, both are now external trusts, and recent changes
in the law have made them more similar than. they used to be.

Qualified Nuclear Decommissioning Trust. Qualified trusts enable utilities to deduct trust
contributions from current taxes. In return, income generated by the trust investments is taxed. Prior to
1994, this income is taxed at the full corporate rate of 34%. Due to the Energy Policy Act of 1992, the tax
rate on decommissioning trusts was reduced to 22% beginning 1994, and to 20% in 1996. (DOE, EPACT
Summary, 25).

Prior to the Energy Policy Act of 1992 (EPACT), the allowable investments for qualified trusts
were limited to the lowest risk securities (Treasury bonds, state and local municipal bonds, and demand
deposits at banks or insured credit unions). These are often called "Black Lung” securities because they
are the same family of investments allowed for Black Lung trust funds, as set out in the Black Lung Act.
EPACT removed: these restrictions, effective December 31, 1992. (DOE, 10/15/92, 25). However, the
annual amounts which may be contributed into a qualified trust are limited by IRS rulings (Rogers, 70),
and this limit may be too low to meet projected needs.

Nonqualified Nuclear Decommissioning Trusts. Prior to EPACT in 1992, nonqualified trusts were free
to invest in a wider range of options than qualified trusts, including corporate bonds, stocks, and real
estate. However, local law and regulatory agencies may restrict the expected risk level of the portfolio
(Weinblatt et al, 207), and qualified trusts may now invest in the same types of investments.

The tax treatment of nonqualified trusts differs from that of qualified trusts in that no current
deduction is allowed for contributions, but income earned by the fund is taxed at the utilities’ actual tax
rate, which may be below 34%. (Weinblatt et al, 207). In essence, income from nonqualified trusts may
be offset by all the tax preferences the utility may have available (subject to limits such as the Alternative
Minimum Tax). (Tuschen, 218). Once decommissioning begins, expenses paid from a nonqualified trust
may be deducted against taxable utility income going back to 1984. (Tuschen, 221). Finally, as a corporate
trust, 70% of dividend income is exempt from taxation. (Rogers, 70).

Which Type of Fund to Use. The choice of funds is determined by three main factors: the timing
of the contribution, the size of the contribution, and the marginal tax rate of the utility. Since only
contributions related to operations in the nuclear plant after 1984 may be put into a qualified trust, all
prior decommissioning accruals must be held in a nonqualified trust. (Tuschen, 218). In addition, funds
which exceed the IRS’s annual allowable contribution must also be put into a nonqualified trust. (Rogers,
70).

The utility’s marginal tax rate affects the choice of trust funds because the utility must balance the
benefit of the current deduction of trust fund principal against the benefit from the lower tax rate on trust
fund investment income. Where the value of the current tax deduction outweighs the higher tax rate on
investment income, the utility will use a qualified trust, and vice-versa. (Weinblatt et al, 207). The
recently passed reductions in the tax treatment of income from external qualified trusts and freeing up
of investment choices will make the economics of qualified trusts much more attractive.

Type of Securities Held

Qualified trusts were limited by statute to very low risk municipal and Treasury bonds, and bank
demand deposits, though, as mentioned above, this is no longer the case. The high marginal tax rate on
income from qualified trusts at the 34% tax rate currently in effect suggests that most current investments
will be in tax-exempt municipal bonds (Hiller, 194), although some may also go into Treasury securities.
The reductions of the tax rate to 22% and then to 20% in the coming years may shift the desired mix of
securities towards taxable securities somewhat.
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Since income of public power and cooperatives is not taxed, their investment choices are not
influenced by tax liability. As a result, they are more likely to invest in low-risk taxable securities, such
as Treasury bonds. Overall, however, publicly-owned and cooperative power providers own only about
8% of the nation’s nuclear capacity. (Tuschen, 219).

However, the past restrictions on the types of assets held do not seem to be the main reason that
nuclear utilities are holding such low risk securities. According to the NISA survey, which was done
before investment restrictions were removed in the Energy Policy Act of 1992, even if the restrictions were
removed (as they are now), tax-exempt bonds (which are now mostly municipal) would remain the
primary investment held by the decommissioning trusts, although holdings of higher yield bonds and
equities would rise somewhat. (NISA, 18). Perhaps this risk aversion is due, in part, to the fact that a
loss of principal in the fund’s early years yields large interest losses during the life of the fund, and that
this risk outweighs the incremental value of higher, riskier yields. (Hiller, 194).

Maturity of Securities Held

Although longer-term securities generally offer higher yields than shorter-term issues, this
increased yield carries with it larger inflation and interest rate risk. Guessing the wrong inflation rate,
and being locked into 30-year bond issues, could greatly hurt the ability of the fund to keep up with
inflation.’ Since the cost of decommissioning is rising so quickly, even above general inflation levels,
most analysts recommend an investment strategy focused on shorter-term issues to avoid additional
inflation risk. The trade-off here is one of lower yields in return for lower inflationary risk. (Hiller, 197).
Following the analysis of Hiller and others, we assume that funds are invested into shorter-term securities
in our calculation of decommissioning shortfalls.

Expected Yield

Following the above discussion, we use yields on shorter-term, low risk securities, adjusted for
taxation and inflation (because our cost estimates are in real dollars). However, the pending reduction
in the tax rate on qualified trusts reduces the incentive to invest in tax-exempt bonds, and the nonqualified
trusts may also have significant holdings in corporate bonds.

An additional issue involves what historical period of real returns provides an appropriate proxy
for the expected yields going forward on the decommissioning trusts. For decommissioning scenarios
involving temporary storage, time frames of up to 100 years may be involved between now and the
dismantlement of the reactor. With immediate dismantlement, the time frame of concern may be more
like 30 years. We therefore include data on historical real returns for both 1926-1990, and for 1966-1990.
Empirically, yields in the more recent time framne are lower than for the 1926-1990 period (see worksheet,
part 2A).

A final issue involves the type of inflation adjustment done to nominal yields in order to generate
the real return. Most figures are adjusted for the general inflation level. However, as mentioned above,
nuclear decommissioning costs have been rising far more rapidly than general prices. We found one
estimate that incorporated this into their yield estimate (Borson et al, 12), and this rate is significantly
below the expected yield we use in our high estimate of the decommissioning underaccrual. We chose
not to use this yield because it potentially double-counts decommissioning cost estimates, accounting for
cost increases both in the expected yield, and in the expected decommissioning cost per kW.

“Although secondary markets for long-term debt introduce liquidity into the holding of long-term bonds, if interest rates rise,
the bonds could only be sold at a discount, and liquidity does not ameliorate the implications of mis-guessing inflation.
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Analysts who have tried to estimate the likely returns on decommissioning trusts have not found
them to be promising. For example, Weinblatt et al (pp. 209, 211) analyzed real returns on a variety of
investments between 1960-1988 and concluded that only stocks provided real after tax returns during the
period, investments which are generally considered riskier than municipal bonds, and would be unlikely
to be used for any major part of the trust portfolio.

How Much Money do the Nuclear Utilities Plan to Put Aside?

The NRC requires a minimum decommissioning fund of $105 to $135 million, depending on the
plant type or size. (GAO/RCED-88-184, 3). A General Accounting Office survey of decommissioning costs
found that most experts believed the NRC figures were too low, and that estimates went as high as $3
billion per reactor. (GAO/RCED-88-184, 1). The Yankee Rowe plant, which is the oldest and smallest
commercial reactor in the country, is expected to cost close to twice (the actual cost may rise still further)

the top end of the*'NRC minimum fund requirement.® Larger plants are likely to cost even more.
(Chandler, 25).

Above, we noted that the utilities estimate an average decomrm'ssionjng cost of $211 /kW, and that
utilities closer to (or already in) the decommissioning phase expect costs which average between $466
(with Three Mile Island excluded) to $742/kW (TMI included) of capacity.

Their past and current contributions to decommissioning trusts, however, require optimistic
assumptions at all levels in order to break even in time for decommissioning, According to the NISA
survey in 1989, utility contributions would yield a pre-tax kitty of $355/kW if invested entirely in
corporate bonds.!’ Incorporating even some of the expected real decommissioning cost increases, and
yields which more closely match the portfolios that the utilities are currently holding would provide a
much smaller kitty at the point of plant closure (see worksheet, parts 2B and 2C). Since the lower accrual
is due, in part, to an expected negative real interest rate, holding the funds during a 30-60 year interim
storage period would increase the shortfall, not decrease it.

Due to accruals which are most likely below even the current expected cost, and to costs which
can be expected to rise significantly as time goes on, there is little chance that current accruals will be
sufficient to cover the cost of decommissioning the nation’s nuclear plants.

Who Pays the Shortfall?

Fear of large, uncovered decommissioning liabilities which had to be paid by the taxpayers was
the driving factor behind the NRC regulations requiring that decommissioning trusts be held external to
the utility. According to the NRC,

in the event of bankruptcy there is not reasonable assurance that either unsegregated or
segregated internal reserves can be effectively protected from claims of creditors and therefore
internal reserves cannot be made legally secure."

*Both the NRC requirements and the cost of Yankee Rowe used in this comparison are in nominal dollars. This contrasts to
the use of 19895 for all other parts of this section.

"As of early 1989, NISA estimated that $2.9 billion was held in decommissioning trusts, and that new funds were being
collected at a rate of $583 million/year. (NISA). A recent NRC estimate placed the aggregate funds in early 1993 at about $4
billion (Johnson and De Rouffignac), suggesting that annual accruals may not be as high as NISA had anticipated.

YU.S. NRC, "General Requirements for Decommissioning Nuclear Fadilities,” Final Rule, Federal Register, V. 53, #123, June
27, 1988, p. 24083. Cited in Borson et al, p. 43.
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The creation of external trusts alleviated much of the concern that accrued funds would not be
available to actually decommission the facilities.. However, the NRC regulations did not address who pays
the cost of decommissioning if the accrued funds, for whatever reason, are insufficient to do the job.
Insufficient accruals may be paid either by customers, utility shareholders, or through increased returns
on trust assets. In every case, the taxpayer is the residual risk bearer since decommissioning is not a

discretionary expenditure, and the costs must be paid by somebody. These options are each addressed
in turn.

Increasing the price of its power to consumers in order to make up any fund shortfall initially
seemns the most favorable option from the perspective of a taxpayer. However, this solution has two
drawbacks. First, if charges are placed on current nuclear power users while more comprehensive power
wheeling increases inter-regional competition, consumers have greater opportunity to avoid buying
nuclear-generated electricity. This reduced demand could result in lower decommissioning collections
than would have hdppened without the surcharge, increasing the risks of default on decommissioning
obligations. Secondly, if charges are passed onto future power users (as would occur if accruals at plant
closure were too low), than future users would be subsidizing current users. In addition, wheeling would
enable future users to bypass the more expensive nuclear utility as well.

Shareholders may also pay for decommissioning shortfalls through a loss of their equity, This
would occur if decommissioning shortfalls are not allowed into the rate base (or, indirectly, if consumers
bypass the nuclear utility through wheeling). The "shareholder pays” scenario also has potential costs to
the taxpayer. First, the unfunded decommissioning bill will alter the financial stability of the utility
leading to a reduced bond rating, and possibly also to default. For example, the debt rating for Public
Service of Colorado, the owner of the soon-to-be dismantled Fort St. Vrain reactor, has had its debt rating
reduced four times since the reactor was shut down. (Johnson and De Rouffignac).

Shortfalls could also potentially be made up through investing in higher-yield, higher-risk
securities. The strategy of investing in higher risk securities brings with it an increased risk of defaulting

on the ultimate obligations. This strategy is as likely to increase the shortfall through defaults as it is to
decrease it through higher real yields.

In all of these cases, the health, safety, and proliferation issues associated with bankrupt,
undecommissioned power plants suggests that the federal government would have no choice but to pay
the shortfall from general tax revenues. Whether the default is triggered by customer bypass of utilities
owning nuclear capacity (made possible by wheeling), through a high risk investment strategy, or by
default or bankruptcy, the unfunded liability rests with the taxpayer.

It would be unrealistic to assume that no nuclear utilities will default on their decommissioning
liabilities. For example, 11 nuclear utilities (assuming only 1 reactor per utility, this equals 10% of the U.S.
reactors) are considered to have a significant risk of defaulting on their nuclear waste lump-sum
assessments for the Nuclear Waste Fund. It is unlikely that these utilities will be in any better shape to
pay for decommissioning. This example provides strong evidence that at least some defaults are likely.

Increased competition in energy markets (which increases the risk of consumer bypass of
traditional monopolies), coupled with rapidly escalating decommissioning cost estimates, suggests that
the taxpayer liability for decommissioning may be substantial. A recent increase in premature reactor

closures due to poor operating economics greatly increases the unfunded portion of decommissioning
costs, increasing the risks of defaults still further.

In our low estimate, we assume that the taxpayer will bear no lability for decommissioning
shortfalls. In our high estimate, we assume that 25 percent of the shortfall will be borne by the taxpayer.
This 25 percent figure begins with the 10% of the industry considered likely to default on Nuclear Waste
Fund obligations, and adds a 15% additional default rate on unfunded decommissioning costs to account
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for the competitive and regulatory pressures described above. Even in the high estimate, we implicitly
assume a zero default rate on planned trust contributions.

Clearly, this estimate is uncertain. However, we consider the estimate to be extremely
conservative. The market forces and trends outlined above suggest that the defaults could be very large.
In addition, our estimate of the size of expected shortfalls does not incorporate the impact of premature
plant closings. Since premature plant closures greatly increase the magnitude of unfunded
decommissioning costs, and since up to 25 reactors may close prematurely over the next 10 years (Parshley
et al, 1), a large portion of the planned trust contributions are at some risk of not being made. This risk,
which would greatly increase the size of the decommissioning shortfall, offsets the risk of overstating the
default rate on the unfunded liabilities.

About the Estimate

We estimated the underaccrual for decommissioning by comparing the expected future value of
the current trust funds plus planned future payments through the average plant closure (based on data
from the NISA survey) to various estimates for the expected cost of decommissioning. The period of trust
accrual is based on the NISA survey, which reports the average reactor to shut in 2020. Different
assumptions were made about real rates of return on invested assets and on the appropriate measure of
decommissioning costs per kW of capacity, and these led to a wide range of estimates for the shortfall.

Our low estimate for the shortfall uses generous real rates of return on invested assets, assumes
that the current utility projections for decommissioning costs are correct, that no utilities will default on
their decommissioning obligations, and that decomnmissioning costs should be prorated downward based
on the capacity factor of the reactor.?

Our high estimate uses the historical real interest rate on shorter-term government securities to
better represent the actual types of assets held by the funds, and the utility decommissioning cost
estimates for reactors which have already shut down. We also use the design capacity of all operating
and closed reactors rather than the operating capacity of the reactors which remain open, since this entire
capacity must be decommissioned. Even the high estimate does not incorporate the manner in which real
cost increases in decommissioning will escalate the realized costs even for the subset of reactors already
closed but not yet decommissioned.

Both high and low estimates spread the total decommissioning shortfall over the 40-year life of
an NRClicense. Licensing extensions or premature closure (which seems more likely at this point in time)
will both impact the size of decommissioning shortfalls expected.
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Nuclear Decommissioning Shortill
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