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FOREWORD 

Spent fuel re m oved from a nuclear power reactor contains unfissioned 
nuclear fuel together with radioact ive waste. On April 7 ,  1 97 7 ,  President Carter 
announced that the United States would indefinitely de fer reprocessing o f  spent 
fuel for recovery of the unfissioned fuel while the U .S .  and other coun tries 
evaluate alternative fuel cycles and processes which m ay reduce risks of nuclear 
w eapons proliferation. Eventually the spent fuel will either be declared to be 
entirely waste and provisions m ade for its disposal, or it  will be reprocessed to 
separate the wastes from the un fissioned nuclear fuel which m ay then be recycled 
and the waste disposed of separately. However, pending future decisions as to its 
ultim ate disposition, the spent fuel discharged from U .S .  power reac tors must be 
stored, protec ted, and safeguarded. 

In O ctober 1 97 7 ,  a presidential policy on the interim m anagem ent of spent 
fuel was announced. Under this policy, the Federal Governm ent would offer to 
t ake title to and provide interim storage for spent fuel fro m U . S .  power reactors. 
The analysis of impacts associated with alternat ives with respect to 
imple m entation of this dom estic Spent Fuel Storage Policy, is being issued as 
Volum e 2 of this Environm ental Impact Statement (EIS) . 

In addition, under this policy, the Federal Governm ent would o ffer to take 
title to and accept a limited am ount of spent fuel from foreign sources, when such 
action would contribute to m eeting U . S .  nonproliferation goals. 

Al ternatives regarding implem ent ation of this foreign portion of the policy 
are analyz ed in Volume 3 of this EIS. 

Another aspect of the announced policy is that the Federal Governm ent will 
charge a fee to fully recover all the Go vernm ent's costs for spent fuel storage and 
disposal. This Volum e has been prepared to provide environm ental input into 
decisions on alternat ive fee m ethodologies. As such, it  addresses the effect,  i f  
any, of these methodologies on the  growth o f  nuclear power and on the  degree of 
proj ec ted participation by dom estic utilities and foreign countries in the proposed 
spent fuel storage programs.  

I t  is  not the purpose of this EIS to develop the specific dollar fees which will 
be assessed as the U . S. Spent Fuel Policy is implem ented. However, it  is necessary 
to use re ference fee levels (and perturbations from this re ference) to evaluate 
possible environmental e ffects of the fee. For this purpose the cost basis 
developed by D O E  in their preliminary estimates* has been used and m aterial and 
cash flows described in this report are for illustrative purposes only. 

DOE's pre ferred action is that the Spent Fuel Policy announced in October 
1 9 7 7  be implem ented. The proposed action is to charge a fee for acceptance o f  

spent fuel for storage and/or disposal that will recover t o  the Government the full 
cost of providing the services. These costs will be assessed appropriately for the 
combined storage and disposal services or for disposal services only, as required by 
individual custom ers (that is, the fee will be " Use-Based" ) .  The fee will be 
ident ical for all fuel ,  regardless o f  coun try of origin. 

* Reference 5 ,  Page 1-1 0. 
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A det ailed analysis of the environmental impacts associated with disposal of 
spent fuel is cont ained in the EIS for com m ercial waste m anagem ent which has 
been issued in draft form as D O E/EIS-0046-D . 

A Glossary of Terms and Abbreviations is included as Appendix B. 
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I. SUMMARY AND CONCLUSIONS 

A.  Background 

The United States Governm ent policy relating to nuclear fuel reprocessing, 
which was announced by President C arter on April 7, 1 97 7 ,  provides for an 
inde finite de ferral o f  reprocessing, and thus com mits light water reactor (LWR) 
plants to a once-through fuel cycle during that indefinite period. In a subsequent 
acti?p implem ent ing that policy, the Depar t m ent of Energy (DOE) on October 1 8 , 
1 9 77 announced a spent fuel policy which would enable do m estic, and on a 
selective basis,  foreign utilities to deliver spent fuel to the U . S .  Governm ent for 
interim storage and final geologic disposal, and pay the Governm ent a fee for such 
services. 

This volume addresses itself to whether the fee charged for these services, by 
its level or its structure would have any effect on the environm ental impacts of 
implem ent ing the Spent Fuel Policy itself. This volume thus analyzes the fee and 
various alternatives to determine the interaction b etween the fee and the degree 
of part icipation by do mestic utilities and foreign countries in the proposed spent 
fuel program for implem enting the Spent Fuel Policy. It also analyzes the effect ,  
if any, o f  the fee on the growth o f  nuclear power. 

The options open to the U .S. Governm ent in this area include: 

1)  Implementation or non-im plement ation of the Spent Fuel Policy; and 
assum ing implem entation, 

2) Establishm ent of a fee based on full-cost-recovery or, alternatively, a fee 
subsidizing either the custom er or the Governm ent . 

3 )  C ollec tion o f  the fee either at t ime o f  transfer o f  fuel t o  the Governm ent or, 
alternat ively , at an earlier or later date; 

4 )  Paym ent of the f e e  on either a one-time or non-one-time basis; 

5) Est ablishment of a fee related to services utilized (use-based) or, 
al ternatively, a single fee for spent fuel acceptance by the Governm ent 
( " leveli zed ") ; 

6) Accrual and disbursem ent of funds through the DOE budget process, through 
a sep arate trust fund or directly through the Treasury. 

7) Establishm ent of a fee based upon equal charges for either foreign or 
dom estic fuel and alternatives to this option. 

I -I 
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B. General Conclusions 

1 .  Environm ental Impact :  Volumes 2 and 3 o f  this EIS o n  the U . S. Spent Fuel 
Policy analyzed the environmental impacts of options with respect to the 
implem ent ation of the October 1977 policy announced by DOE.  The sum m ary 
conclusion regarding storage of dom estic fuel from the Execut ive Sum m ary (p. 1 8) 
is relevant in pro viding perspective: "The environm ent al impacts from all 
alternat ives considered either from implem enting or not implem enting the spent 
fuel st orage policy are nominal (and) the impacts are relatively small compared 
with available resources and risks from natural radiation sources. " 

Within the cont ext of relatively small overall environm ent al impacts, there 
are storage alternatives which m ight evolve and which could be influenced by the 
fee structure. One alternative assum es m aximum expansion of reactor discharge 
basin storage capacity and use of sm all Governm ent or privately operate d 
Independent Spent Fuel Storage (ISFS) capacity as required and is consist ent with 
the reference fee evaluat ed. The other alternative assum es m aj or storage of spent 
fuel at one or m ore large ISFS facilities and could be fostered by establishm ent of 
a "leveliz ed" fee. Other fee variations evaluated encourage evolution of one or the 
other of these storage m odes. The basic environm ent al impact difference between 
these st orage al ternatives is related to the increased transportation and fuel 
handling require m ents which might result from the "leveli z ed" fee compared to 
those due to the reference fee. The m aj or environm ental effects of these 
alternatives are sho wn in Table I- I Cases B & C .  The effects related to st oring fuel 
in newly constructed at reactor-basins (ARB's) are also included in this table t o  
illustrate that the environm ental advantages due to increasing onsite storage are 
out weighed by construction, operation and decom m issioning effects when new 
facilities are required. Because individual utility decisions on spent fuel 
m anagem ent opt ions are based not only on e conomic issues but also on such issues 
as physical lim itat ions of onsite facilities,  timing of additional capacity needed, 
company cash flow considerations and company operating philosophy on the am ount 
o f  reserve storage capacity required onsite (am ong others) , these comparisons must 
be vi ewed as indicative of fee effects rather than definitive. 

2 .  Impact of the F ee Struct ure on the Growth of Nuclear Power:  V!ithin the 
range of the fee level exam ined in this analysis, which is believed to cover all 
reasonable expectations, the cost of the waste m anagem ent portion of the fuel 
cycle would vary from 0 .23  to 0.48 m ills/kWh or about 1-2% of total generation 
costs. 

It thus appears that even at the upper end of the range of fees examined, the 
spent fuel and waste m anagem ent policy would not i mpact the economics of 
nuclear power significantly enough to change importantly the 2 economic 
comparisons between nuclear power and coal in m ost regions of the U . S. 

l-a 3 .  Proposed Action: D O E  proposes that the Spent Fuel Policy announced in 
October 1 9 7 7  be implem ented. The proposed action is to charge a fee for 
acceptance of spent fuel for st orage and/or disposal sufficient to recover to the 
Governm ent the full cost of providing the services. These costs will be assessed 
appropriately for the combined storage and disposal services or for disposal 
services only, as required by individual custom ers (that is, the fee will be " Use
Based") . The fee will be identical for all fuel,  regardless of country of origin. The 
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TAllLE I-I 

Major Fee-Related Environmental Effects(a) 

Case A 
Non-Implementation 
of Spent Fuel Pol icy 

(At-Reactor Basin Storage) 
Domestlcb ForeignC 

Fuel Fuel 

Case II 
Implementation of 
Spent Fuel Policy 

"Use-Based" Fee 
Domest icd Foreigne 

Fuel Fuel 

Case C 
Implementation of 
Spent Fuel Policy 
I tLeveli Zid " Fee 
Domestic Foreigne 

Fuel Fuel 

Effect 5 
Energy 

102 102 102 102 Propane, 3 
7.7 x 103 0 1.7 x 3.3 x 5.9 x 3.3 y. 

m 

Diesel Fuel, 3 3.1 105 0 1. 7 x 105 2.7 x 105 1. 7 x 105 2.7 x 105 m x 

Gasoline, 3 1. 4 x 105 0 3.0 x 103 4.6 x 103 1.0 x 104 4.6 x 103 m 

Electricity, Ml\-yr 1.8 x 102 0 8.2 x 100 8.9 x 101 6.5 x 101 8.9 x 10 

Coal, tonne 1. 2 x 106 0 5.4 x 104 
3.4 x 105 4.0 x 105 3.4 x 105 

/lan-power, man-hour 1.1 x 108 0 3.9 x 107 1.1 x 107 4.5 x 107 1.1 x 107 

Radiation Dose Commi tment, man-rem 

Pon'llation g 4 x 103 5 .5 X 103 3 x 102 8.5 x 102 x 103 8.5 x 102 
? Work Force 6 x 103 0 8 x 10� 7.1 x 102 x 103 7.1 x 102 

Health 
h 

Effects 
�.A. �.A. 2 N.A. Population 

�.A. Work Force 4 N.A. ,\.A. 
Total 6 3.2 2 1.0 2 1.0 

Occupational Accidents 
23 0 11 3.4 11 3.4 (�onradiological Fatal i t ies) 

N.A.-not available 

jl. 

:Po 
c. 

d. 
e. 

f. 

g. 

h. 

Summary of maj or environmental effects of storage and disposal of spent fuel amounts affected by th.e fee 
struct�e. Ref�rence Glse.Da.se.dl fee and levelized fee. Non-iJDpleaentation of spent fuel policy is in
cluded for comparison. Disposal of spent fuel is. a ssumed to commence in 19.85. See Table IV-3 for detai Is. 
Case A @omestic [uell is equiYalent to Alternate 2B in the EIS in storage of domestic fuel (Volume 2). 
Cue A (foreign fuel) is equi'valent to Case A in the EIS in storage of foreign fuel (Volume 3). The 
population effects listed are for U.S, and Global Commons. 
Case B @omestic fuel} is equivalent to Alternate 1B-2 in the £IS on storage of domestic fuel (Volume 2). 
Cases Band C (foreign fuel) are equivalent to Case D in the EIS in storage of foreign fuel (Volume 3). 
The population and work force effects listed are for U.S. and Global Commons. 
Case C (domestic fuell i� equivalent to Alternative 1B-1 in the EIS on stora2e of domestic fuel 
(VOlume 2). 

Whole body dose during the operating period plus the next 100 years. For comparison, the l�uivalent 
dose to the world population from natural radiation sources over the same period is 2 x 10 man-rem. 
This natural dose will result in 120 million health effects. 
Serious genetic and somatic health effects were calculated from radiation doses assuming a linear dose
health effect relation. EPA dose-effect factors were used. 
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proposed action deals with Options 1 ,  2 ,  5 and 7 of I . A. above. 

D etails such as paym ent schedule and funding m e chanism s will be develope d 
as the program proceeds and specific contracting procedures are developed; 
therefore no action is yet proposed regarding Options 3 ,4 and 6 of t hat section. 

3. The Logic of M aximum C ompaction (Expanded Reactor Discharge Basin Storage): 
Maximum compaction by using nuclear poison racks in existing reactor discharge 
b asins , enables the utility to take advantage of existing auxiliary equipm ent , site 
preparation and licensing w ork, all of which would have t o  be supported separately 
in a newly constructed ISF S. In addition ,  fuel that can be stored on-site prior t o  
ultim ate disposal will require transport only once ,  rather than twice (from reactor 
t o  ISFS and fro m  ISFS to Spent Fuel Repository (SFR). On economic grounds there 
app ear to be substantial b enefits from m aximum expansion of utilities' on-site 
basins .  As dis cussed in Ite m ( 1 )  above , it is recogniz ed that economic 
considerations are only one fact or in determining the am ount of fuel that can be 
accom modated in an exist ing reactor dischar ge basin. Regulatory requirements 
and related timing of availability of storage capacity will also affect the am ount of 
spent fuel thus stored. 

4. The Possibility of Future Reprocessing;  It  is  the implicit assumption of the 
proposed fee structure that spent fuel is herein treated as a nuclear wast e. The 
fee struc ture does not consider any explicit provisions for subsequent change in 
governm ent policy reinstituting the reprocessing of spent fuel and recycle of 
residual values.  Such a change in governm ent p olicy would be accomplished in 
conform an ce w ith N EPA requirem ents. At the time any such change in policy is 
m ade, and the appropriate NEP A processes, enabling legislation and other 
institutional processes as necessary are followed, questions that must be addressed 
include: (i) whether existing fuel in storage would be retrieved or whether the 
revised po licy would apply only to new fuel; (ii) what the cost of such retrieval 
would be if the for m er course is elected; (iii) what impact the change in policy 
would have on the unam ortized p ortion of the t hen existing I SFS or repositories; 
and (iv) the costs of reprocessing and recycle and the e cono mic advantage to the 
utility they w ould represent in light of then-known costs (the residual value 
function) . No att e mpt has been m ade to est imate these uncertainties and to build 
in to the current fee structure any speculat ive provisions for what the future m ay 
bring in this regard.  

C .  Sum m ary of the Analyt ic Approach 

The services for which costs m ust be recovered in the proposed fee are interim 
storage in an Independent Spent Fuel Storage F acility (I SF S) followed by disposal in 
a Spent Fuel Repository (SFR) or alternatively, disposal only. A number of 
alternate fee structures have been analyz ed to determine if they have a bearing on 
the environm ental effects of the implementation of the Spent Fuel Policy as well 
as to consider their feasibility,  desirability and acceptability by all of the parties 
l concerned. Different fuel flows were used in est ablishing the fee and evaluating 

the environm ental effects to provide a conservat ive assessm ent in each case. A 
lower estim ate of fuel flows was used to est ablish fee parameters to give the 
m aximum e conomic effec t .  A higher estim ate of fuel flows w as used to determine 
the environm ent al effects. The key ele m ents of the proposed fee structure in this 
analysis are: 

o 
o 
o 

Type of Fee 
Equal Charges for D om estic and Foreign Spent Fuel 
The Level of the Fee 
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o 
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o 

Perturbations 
Fee Paym ent Schedule 
Cost C omputation Methodology 

1 .  Type of Fee: There are several alternative philosophies as to the type of 
charge to be assessed for the users of the spent fuel m anagement services being 
provided by the government. As is discussed in detail in the body of the analysis 
(Section II) , there is substantial precedent for considering that inasmuch as the 
service is of bene fit to specific custo mers , those cust'3m ers should be charged a fee 
representing recovery o f  full cost to the governm ent. If the service is considered 
to be more broadly in the national interest , e .g. , non-proliferation obj ectives, the 
governm ent can elect to absorb certain costs, e .g . ,  compensate for the restrictions 
placed on use of private property to further a nat ional obj ective. There have also 
been precedents for penalty pricing, e .g . ,  attempts to impose "com m ercial pricing" 
f or enrichment services, where the governm ent can charge a fee which goes beyond 
recovery of its costs. 

Of concern in this E1S evaluation is how or whether the level of the fee 
established by these three different prIcmg philosophies would have an 
environm ental impact. (Other than with respect to the growth of nuclear power it 
should be noted that any impact with respect to domestic spent fuel w ould be 
limited to the storage phase where the user utilities m ay either ship to a 
governm ent 1SFS,  or expand on-site storage, or private 1 SF S  storage capacity. 
Under current policy, dom estic utilities have no options for disposal of spent fuel 
except to take the governm ent service at whatever price the governm ent selects. )  
The general effect o f  a fee significant ly higher than the re ference case w"uld be to 
encourage m aximum at-react or-storage. Conversely, a fee significantly 10wer than 
the reference case (perhaps to the extent of paying utilities to result in power 
costs comparable to those in a recycle mode) would encourage more extensive 
transfer of spent fuel to the Government at an earlier date.  The environmental 
i mpact of these alternative fee bases has e ffectively been represented in the 
analysis of the two storage alternatives. 

2.  " Use-Based" Fee Structure: There are fundam entally two services offered in 
the policy, namely, storage and disposal. The reference fee structure assumes a 
" use-based" or dual cost center pricing philosophy in which those utilities requiring 
both storage and disp osal will pay a single fee for both of those services together , 
while those requiring only disposal (having suitable storage independent of the 
Governm ent facilities) would pay for disposal only. 

An alternative pricing structure would be a fee reflective of recovery of the 
total cost o f  b oth storage and disp osal services to be paid by all utilities even 
though some require disposal services only. With this pricing structure, utili ties 
would not be m otivated to make any additional at-reactor-storage-capacity 
available as such m odifications would represent an additional invest m ent over and 
above the paym ents they would be required to make for storage by the government 
at the 1SFS. 

The "use-based" fee structure is also readily adaptable to changes in services 
which could be considered. For example, because of the t iming and ability to cost 
the required future facilities and operations the single fee for storage and disposal 
could be changed to a fee f or storage to be followed at som e  fut ure t ime with a fee 
for disposal. Fuel flows arising due to such a change in struc ture - and related 
environm ent al impacts - w ould fall within the range analyz ed in this E1S .  
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3 .  Equal Charges For Dom estic and Foreign Spent Fuel: This docum ent for 
purposes of establishing a reference case for cost developm ent assum es ,£he fee 
struc ture adopted would apply equally to either foreign or dom estic fuel.  Each 
custom er is assum ed to bear the costs of services of which he avails himself - that 
is, costs due to foreign fuel are borne by foreign users not dom estic customers. 
The amount of foreign fuel transferred for storage and/or disposal in the U . S. is 
relatively insensitive to the fee ,  being determined m ore by individual national fuel 
cycle plans and non-proliferation considerations. 

4. The Level of the Fee: The purpose of this docum ent is to examine the 
environm ental impact of alternative m ethods of establishing the fee, as w ell as the 
i mpact of its struc ture and level. However, for analytic purposes,  a "reference 
case" has b een established in constant 1978 dollars e mbodying the above basic fe e 
struc tural principles. In order to establish this re ference case , spent fuel flows 
w ere assum ed from b oth domestic and foreign utilities. The dom estic flow us� 
the so-called "re ference " case o f  D OE's Preliminary Charge Estimate D ocum ent . 
The foreign fuel flows utiliz ed the m inimum am ounts evaluated in Volume 3 o f  this 
EIS, a level chosen in the interest of conservatism ,  since the lowest flow produces 
the highest costs. 

In total, the flows used to develop the re ference fee are about 3 5 50 m e tric 
tons for storage and disposal through 1987 and approxi m at ely 5 5 , 000 metric tons for 
disposal only from 1988 through the year 2000. In this re ference case the 
assumption is m ade that the repository would be ready to receive spent fuel  in 
198 8 .  It is recogniz ed that this is the earliest date cited in the Interagency Review 
Group (IRG) report; perturbation analysis, however, includes the effect of a later 
start of the repository. 

As noted in Table 1-2, the figures stated are in constant 1978 dollars, not 
allowing for the effects of esc alation. Escalation effects can be illustrated in the 
following example: At an assum ed average escalation rate o f  5 1 / 2%/year between 
1978 and 198 6 ,  the fee in the reference case above, would increase from $202/KgU 
to $299/KgU for storage and disposal and from $ 1 14/KgU to $ 1 7 5/KgU for disposal 
only. 

5. Perturbations: It is assum ed that a fee level would be set at the t ime 
utilities com mit  for the service. Presum ably this would be som e  t ime before th e 
deliveries to the governm ent would actually be m ade. At that early st age, which 
would likely be before the facilities had actually been constructed, the fee w ould 
reflect a "best estim ate " ;  thus, it is reasonable to consider perturbations around 
the reference case. It is intended that the fee would be reviewed periodically as 
the program implem ent ation proceeds and, if required, based upon later and better 
knowledge, adjustm ents would be m ade. D epending upon the procedures decided 
upon and the circumstances as they exist at the time,  these adjustm ents could 
either be applied to future custom ers alone, or in addition, retroactively to existing 
commi tments. However , on this latter point , it should be noted that in the m ain, 
both the existing com m it m ents and the future custom ers represent the same 
universe of utility organiz ations, and these circumstances should m inimize  any 
inequities in the actual procedures for m aking adjustm ents. 

A number of variations from the reference case assumptions have been 
considered and are discussed in the text. These are intended to cover the m ost 
reasonable probabilities for cost change and thus to bracket the fee co mputed for 
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TABLE 1-2 
Reference Case* - Domestic and Foreign Fuel 

Do l lars/KgU in �978 Do l lars 

DISPOSAL ONLY STORAGE AND DISPOSAL 

ISFS 89 

Transport ati on 24 

Encapsulat ion 33 23 

Geo l ogic Repository 50 35 

R&D and Government Overhead 31 31 

TOTAL 114 202 

*This case differs from that deve l oped in Reference 5 because of the 
addit ion of 2160 MTU of fue l from foreign sources (Cumulat ive through 
year 2000). 
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the above-m entioned reference case. The resultant fee range is from $ 1 27-
27 1 /kgU for storage and disposal, and from $83- 1 6 0/kgU for disposal only, both in 
1978  dollars. 

6 .  Fee Paym ent Schedule:  The total cost to the U . S. Government consists of 
several categories o f  cost: 

C apital Invest m ent in the F acility 
Operation and M aintenance Charges 
D ecom missioning C osts 
Post Operation Surveillance Charges 
Research and D evelopment 
Governm ent Overhead 
C arrying Charges 

All of these costs except for the last item, carrying charges, are specific 
dollar investm ent items that relate to, and are am ortized and recovered on a unit  
o f  production basis. The last item ,  the carrying charges, is not related to the units 
o f  production but is, in fact ,  dependent upon the schedule o f  the investm ent by the 
U . S. Government. Thus, early or pre-paym ent reduces this component of the fee to 
the governm ent , and conversely later paym ents increase this component.  On the 
other hand, the impact on the utilities is reversed, and since, in general, their 
m oney costs are greater than those of the U . S. Governm ent , early paym ent impacts 
adversely on the rate payer . 

In developing the cost of service it is assum ed that any invest m ent by the 
U . S. Governm ent not covered by fee paym ents already received, accrues interest ,  
at the Govern m ent rate,  and is  subsequently recovered in  the fee .  Conversely, if 
early paym ents are m ade by the utilities,  accumulating a surplus compared to the 
expenditure schedule,  such paym ents would also accrue interest to the benefit of 
the utilities, and would be reflected in a reduced fee paym ent. 

With this procedure , the U . S. Government is effectively indifferent to the fee 
paym ent schedule as both the direct costs and the cost of m oney (interest) are 
covered by the fee. Any number of paym ent schedule variations including advance 
paym ents, partial advanced paym ents, and payment on delivery are possible. The 
final schedule adopted will reflect the weight given to such competing obj ectives 
as minimizing overall impact to the customer and m inimizing U . S. Government 
invest m ent.  

As noted earlier , the utilities' view of the fee paym ent schedule is  quite 
different from that o f  the U . S. Government. The cost as allocated to the fuel 
cycle varies substantially depending on whether there is prepaym ent or post
paym ent of the fee. The standard fuel accrual procedure is to collect the m onies 
fro m the custom ers for any direct  charges, such as the fee, during the period when 
the fuel is generating power. Federal Energy Regulatory Com m ission (FERC) 
accounting procedures which are com m only used in the ratem aking proceedings are 
such that prepaym ent to the U . S. Governm ent would increase the nuclear fuel cost 
allocation as a result of prepaym ent being treated as a capital investm ent in the 
fuel cycle. C onversely, a late paym ent, e .g . ,  on delivery, decreases the fuel cycle 
allocation because there is less of a fuel cycle investm ent.  Also , inasmuch as the 
fee would be collected during the power generation period, substantive changes in 
that fee later , after the fuel has been dis charged, represent an issue to be resolved 
with the individual state regulatory agencies. 
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Finally, one of the advantages of a later paym ent ,  e.g. , on delivery of the 
fuel five years after discharge from the reactor, is that the cost of services at that 
tim e  is bett er kno wn, and therefore the fee can be more precisely reflective of the 
costs. If advance out lays by the governm ent are to be minim ized,  som e  down 
p aym ent on the fee , presumably at the tim e of contract and thus perhaps fi ve years 
prior to shipm ent of spent fuel to the government,  could be built into the 
contractual arrangement.  Such an early paym ent of the fee would, since it would 
necessarily reflect an earli er stage of estim ating, be subj ect to greater uncertainty 
and more likelihood of the need for later adjust m ent .  

7 .  C ost Computation Methodology: The technique used herein to develop the 
fee value on a full cost recovery basis is to calculate the total expected costs ,  
develop a cash flow patt ern for these, impute interest based on the expected 
schedule for out lays of capit al funds to implem ent the program , and then having 
developed the cash flow patt ern, use present worthing or discounting techniques to 
properly account for the tim e value of the costs as they occur. This t echnique 
brings the total cost back to 1978  dollars,  and develops a single ,  present worth 
value of the total cost. The discount rate used in such present worthing t echnique 
is taken herein to be 6 . 5 %/year as representative of a long term average 
governm ent cost of m oney. 

A si milar technique is then used to proj ect the present worth of the future 
revenues to be collected. The future fuel deliveries to the government from 
utilities are est im ated using the data as developed in the Charge Estimate 
docum ent and Volum es 2 and 3 of this E1S. Using a si m ilar discounting technique, a 
single present worth value of the fee can be computed such that the revenues to  be 
collected over the p eriod o f  t ime the service is rendered would equal the total cost 
to be expended by the U . S. Government to render that service.  

From a cost m ethodology standpoint ,  as long as the discount rat e is the sam e ,  
a s  has been assum ed herein, the procedure is essentially indifferent to whether 
out lays com e  from the general Treasury as required, or some separate spe cial 
D epar t m ent of Energy fund, or whether advance paym ents are collected and placed 
in som e  escrow account spe cifically designated for these purposes. However, if the 
cost of m oney to the U . S. Governm ent would be different for such al ternate 
possibilities for accruing and disbursing the funds, effect ively changing the 
dis count rate ,  the computation would have to take that int o account .  
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II. COSTIN G D EVELOPMENT 

A. Pricing Policy 

A . I  Governm ent Pricing Philosophy 

In developing a pricing basis a number of fac tors must be considered. The 
con figuration of the fee should be co mpatible with the user's requirem ents and also 
should be structured to optimize  the overall costing of the system for the benefit 
of the total soci ety. Further, there is a question of timing on the charges which 
clearly is important to the cash flow of both the supplier and user of the service. 
Finally, all of these func tions must be put into a m ethodology which develops the 
fee structure and can cope with changes both environm ental and economic during 
the total course of the time frame when the service is being provided. All of these 
considerations are subsequently reviewed in this costing developm ent section. 

Given the nature of nuclear waste and the potential for long-lived haz ards in 
c ert ain categories of wast e (e.g. ,  high-level waste) , it is desirable that the 
instituti on having responsibili ty for such m anagem ent and control be as "long-lived" 
as possible . It is clear ,  there fore,  that Governm ent or a Governm ent entity 
simili ar to the Federal Authorities such as Tennessee Valley Authority and not a 
singl e ,  privately operated corporation or othr- '::ntity, should provide the !Services 
necessary for the final handling and disposal 0 nigh-level radioactive waste. It has 
generally been assum ed that spent nuclear fuel assemblies,  if sent for disposal , 
would be considered a high-level radioactive waste. 

The alt ernate pricing philosophies for a charge for a U . S. Governm ent service 
such as storage and disposal of spent fuel are: 

1 .  Full Cost Recovery 
2. Penalty Pricing 
3 .  Com m ercial Pricing 
4 .  Subsidy 

A. I . I  Background to Governm ent C ost Recovery 

The m ovem ent in Congress in the 1950s to encourage U . S. Governm ent 
agencies to establish fees to recover so m e  o f  the costs o f  providing services 
resulte� in enactm ent of the Independent O ffices Appropriations Act of 19 5 2  
(IOAA) which provides, in the pertinent part:  

"It  is  the sense of the C ongress that any work , service,  publication, 
report , docum ent ,  benefit ,  privilege, authority, use ,  franchise, 
license,  permit, certification,  registration, or si milar thing of value 
or utili ty performed,  furnished, provided, granted, prepared, or 
issued by any Federal agency . • .  to or for any person • . .  shall be self
sustaining to the full extent p ossible,  and the head of each Federal 
agency is authorized by regulation .. to prescribe there fore such fee ,  
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charge, or price ,  if any, as he shall determine . . .  to be fair and 
equitable taking into consideration direct and indirect cost to the 
Govern m ent , value to the recipient ,  public policy or interest served, 
and other p ertinent fac ts . . .  " 

It has generally been interpreted that where a service (or privilege) provides 
special b enefits to an identifiable recipient above and b eyond those which accrue 
to the public at large, a charge should be imposed to recover the full cost to the 
Federal Governm ent of handling t hat service.  However, no charge should be m ade 
for services when the identification of the ultim ate beneficiary is obscure and the 
service can b e  prim arily considered as bene fiting broadly the general public. 

Moreover , an " ident ifi able recipient" does not describe m embers of an 
industry which neither ask for nor receive a sp ecific unit of service. It refers only 
to the applicant who derives a special benefit .  Charges by a federal agency cannot 
be geared to p enalty pricing without specific taxing legislation enacted by 
Congress and m ay not be factored into the agency's costs. 

Under the m andated full cost recovery policy encompassed by IOAA,  3 1  
U . S.C.  483a, a full cost recovery basis for spent fuel st orage and disposal is clearly 
a service to t he p art icular utility receiving that service and therefore the charge 
or fee is appropriate. One of the criteria to be followed is that the cost basis for 
each charge be assessed against the particular applicant receiving the servic e. To 
acco mplish this st ep involves an allocation of specific expenses which form the 
cost basis of each charge to the sm allest practical unit .  (This particular point will 
be addressed later on in the developm ent of a single charge for storage and 
disposal, or storage alone,  versus a use-based charge which has two charges--the 
first for storage and disposal and the second, or alternative, for disposal alone .) 
Indi rect charges can apply to the developm ent of such costs, if such indirect 
charges are justified and directly related to the provision of such service.  The 
indirect charges should apply to the special b enefits gained by the applicant and 
not to those which accrue to the public at large. 

It is i mportant to note t here is no requirem ent that the charges assessed 
represent the exact cost of the services to the agency. To be valid the fee need 
only b ear a reasonable relationship to the cost of the services rendered by the 
agency. If the charges bear no reasonable relationship to agency costs (e.g.,  there 
is pro fit factored in, etc . ) ,  those charges cannot be assessed. There is no room in 
this calculation of full cost recovery for higher or lower charges based on cri teria 
which assess economic b ene fit to the industry from public confidence in overall 
regulation, st ability, health, welfare , etc. Any such subsidies or additional 
assessm ents would require specific legislation. 

The D epar t m ent of Energy has indicated that it will seek specific enabling 
legislati on prior to constructing an Independent Spent Fuel Storage Installation and 
accepting spent fuel fro m custo m ers (dom estic or foreign) for storage and/or 
disposal. Authoriz ation for a pricing system based on other than full cost recovery 
could be included in such legislation if it were determined that such a system would 
be desirable. The anticip ated environm ental effects of alternative pricing 
struc tures which vary the fee level are analyzed in Sections IT A.2.2 ,  III C and IV A. 

Finally, different m ethods of obtaining full recovery of its costs m ay be 
adopted by the Governm ent since it  does not have to recoup these costs 
im m ediately but m erely "over a reasonable period of t ime."  There is  no specific 
guideline as to what ,  under the circum stances, consti tutes a re asonable period of 
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tim e.  However, a leveli zing cost ing procedure using conventional business 
techniques,  such as a discounted cash flow analysis over proj ected useful lifetim es 
o f  facilities, would seem to be reasonable. The reference methodology that 
satisfies this costing requirem ent is developed in Section ll.C and Appendix A. 

A . I .2 Liability Considerations 

The transfer of spent fuel to the U . S. Governm ent will result in the transfer 
of liability for dam ages to persons and property arising out of the handling, 
transport ation, st orage and disposal of such fuel to the U . S. Governm ent or its 
contrac tors. The charge will be structured to include a factor to recover the 
potential costs to the U . S .  Governm ent of paying liability claims which m ay arise .  

Depending upon the factual and contractual situations which m ay arise, the 
fee would be calculated to include insurance premiums U . S. Governm ent 
contractors might pay plus a factor designed to compensate the U . S. Governm ent 
for such sum s it might be required to pay as an indemnitor pursuant to the Price
Anderson Act or as a self-insuror. This factor would be adjust ed in the future as 
warrranted by experience gained in implem enting the Spent Fuel Program . 

A . I .3 Timing Operati ons 

The timing of the paym ent of the fee does  not directly bear on the question 
of full cost recovery as any payment tim e can m eet that requirem ent .  In a general 
sense it is clear that the later the paym ent the more correct the paym ent will be in 
mat ching the U . S. Governm ent's costs for storage and disposal. C onversely, the 
earlier the paym ent the less that will be known about actual costs and hence 
whether a fee adjustm ent would be required at a later date or whether later fuel 
would have a changed fee schedule .  

The economic effects of the paym ent tim e are clearly viewed differently by 
the U . S. Governm ent and utilities. An earlier paym ent time gives the U . S. 
Govern m ent working capital for invest m ent and operations and, hence, an 
apparently lower charge since there will be less capital appropriations which must 
b ear a cost of money component to meet a full cost recovery principle.  The 
utilities, on the other hand, relate the paym ent of the fee to a nuclear fuel cycle 
charge which is collected during the electrical generation period of a specific 
batch of fuel. A subsequent added charge, due because of an incorre ctness of an 
early prepaym ent , creates some backbilling proble m on the electric consum er. The 
utility view of the fee is generically covered in Section ll.A.2 and quanti tatively 
evaluated in Section m.c. 

A.2 F ee re Tot al Electric C osts 

The extent and timing of participation in the U . S. Governm ent Spent Fuel 
Program will be affec ted by the impact of the fee on total power generation costs. 
This section describes the m ethods used to evaluate the fee in terms of the fuel 
cycle cost incurred by the ut ility. The increm ent al fuel cycle cost incurred due to 
the fee is  then co mpared to overall cost uncertainties faced by the utilities for 
both coal and nuclear units to enable discussion of the influence of the fee on the 
decision to build a particular type of facility. Conclusions can then be drawn 
regarding the potential fee-related environm ent al impacts of such a decision. 
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A.2. 1 Fuel Cycle C ost D evelopm ent 

An import ant consideration in evaluating the impact that the charge 
m ethodology would have on the environm ent could be its effect on nuclear fuel 
cycle costs and consequent ly the utilities' decision to elect for a nuclear proj ect as 
opposed to alt ernative generating capacity. As will be illustrated below a charge 
based on " full cost recovery" which might range fro m $ 1 50 to $250/kgU has a very 
m odest impact on the cost of electric power generation from a nuclear power 
facility; consequent ly the level of the fee itself has litt le effect.  The 
environm ental analysis of a mUltiple cost center based fee for different scopes o f  
service is found in Section IV .  

The Federal Energy R egulatory Comm ission (FERC) has est ablished typical 
guidelines for nuclear fuel accounting in its Uniform System of Accounts. These 
guidelines are used in report ing data to the Federal Governm ent and are generally 
used by the State authorities in the developm ent of an approved rate structure. 
The ultim ate resp onsibili ty and authority for defining fuel cost accounting 
pract ices, at least for regulated utilities, rests with st ate and local regulatory 
bodies, which have exercised this right with som e  variations. Although these 
regulati ons apply only to the investor-owned ut ilities and not to utility authorities 
or to publicly owned utili ties, it  is  generally true that the other utilities follow 
qui te similar accounting practices m odified appropriately to their financial 
struc ture. 

Thus, the typical nuclear fuel accounting procedure can be reviewed which 
operates as follows: Investm ent in nuclear fuel is considered an integral part o f  
the utili ty plant invest m ent,  and thus becomes p ar t  of the utility's rate base. (The 
timing for introduction into the rate base and whether or not Allowance for Funds 
Used During C onstruction (AFDC) is perm itted or not , etc. ,  varies from jurisdic tion 
to jurisdiction.) For investor-owned utilities, setting the permitted rate of return 
on the rate base is , of course,  the central issue in the regulatory process and this 
sets the indirect or working capital component of nuclear fuel costs. In the 
analyses that follow, an Annual Fixed Charge Rate for working capital of 1 5- 1 7 %  
has been used a s  representat ive of that charged b y  investor-owned ut ilities today. 
The analogous rates for pub licly owned utilities are significant ly lower by virtue of 
the absence of fact ors for federal taxes, corp orate profitability, and possibly local 
t axes, with a range of from 6 . 5  to 8% used in the subsequent analyses. 

While a spe cific system of accounts is spe cified by the F ERC , with prescribed 
tim es and procedures for inter-account transfers, the details of the accounting 
process are not central to an understanding of the problem at hand. The essent ials 
of the accounting process can best be conveyed by the invest m ent t ime diagrams o f  
Figure II-I. All four patt erns are based upon t h e  disposal cost associated with a 
single kilogram o f  fabricated enriched uranium fuel as charged into the reactor. 
Figure II-IA depicts the investm ent pattern resulting from the typical accounting 
procedure. Under this procedure, the total cost of the charge set at $ 1 00/kgU for 
simplicity in this example, is collec t ed from ratepayers during the period of power 
generation (assum ed to be 4 years) and at a rate in proportion to the energy 
generation. These revenues are shown as negative values to  denot e  the fact that 
they are collected in advance of the charge disbursal requirem ent , which does not 
occur until five years after the fuel IS discharged from the reactor 
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FIGURE II-I. Fuel Disposal Investment Diagrams 

+100 

- 50 

tl 

SO 

lao 

+100 

A. Reference Payment Time 

1 (Tax 

.. Tax Savings 
(SO", of hpense) 

Post-Irradiation Period L' 
... 

5 6 9 Time - years 

�J) � Payment of Charge 

,"come Total Collected 

Tax P ayment 

from Users of Electrical Energy - 100 $/kgU 

B. Variant Pattern 

OJ In-Reactor Period Post-Irradiation I'crioJ 

-100 

2 3 4 (, 7 81lli A.:. Time, Years 
Collection Of� 
Reyenues from Payment of Charge 
thcn ... Currcnt 
Rate Payers 

+100 

r 
100 

I + 100. 

C. Payment 10 Years Prior to Tran;;fcr 

Collection of rcvcnllCS 
from Users of Electrical 

Fnergy 

� • •• " '-" �'-"'VL rl.:1.1VU ............. Post-Irradiation Period \ I , � 5 6 �9 Time, Years 

Payment of Charge " Fllcl Transfer 

D. Reference Payment Time with Adjustment on [lei i\'ery 

Collection of then- .\ddi tiona I 
Estimated Cost of Sion Adjustment 
from lIsers of Electrical $30 ', ',./ 
Energy C1rigi.nlll � � 

\dditional Colleo
tinns from t!Jl'n
ClIrfent ACCOul1tS 

I $100 F.sril1'"t i*Ta, �"Yin�s 

o I '-.. • .  '" , �.f'--. � \l �50 Balance , "�C--''-'-' ..... W $50 Tax Panncnt - 100 



E I 

and this revenue effec tively reduces the fuel cycle investm ent (rate base) required. 
(The other capital requirem ents of the nuclear fuel cycle require investm ent prior 
to operation and are thus positive in this graphical presentation) . However, by 
virtue of the fact that revenues from ratepayers are collected from 6 to 9 years in 
advance of the year in which the actual paym ent of the charge is m ade, these 
revenues are likely to be subj ect to incom e  taxes on a basis of a "cash accounting 
syst e m . "  The impact of such tax paym ents i s  to effec tively have (assum ing a 
Federal/State tax of 50%) the amount of these revenues available to the investor
owned utility to invest elsewhere in the fuel cycle. This is significant because the 
early availability of the disposal-related revenues from ratepayers acts to generate 
an "invest m ent credit " which ser ves to offset the direct cost o f  the disposal 
paym ent itself. When the charge is actually paid, it is then fully acceptable as an 
expense item for income tax purposes thereby recovering the tax previously paid 
with the result t hat the total "original " m onies collected from the consum er is now 
available for paym ent to the Government.  This cash flow account balance is shown 
in Figure IT- I A. 

In practice, the accounting for these charges is much m ore involved with 
other accounts such as accumulated deferred income tax, etc. ,  utiliz ed to 
appropriately relate taxes and costs to current custom ers and accumulate data as 
required for rate m aking regulatory procedures. Alternative procedures such as 
escrow accounting are also being considered which would change the costing 
analysis. Utilizing the cash flow as sum m ariz ed in Figure IT- I A. and a 1 6 . 5 %  
Annual Fixed Charge Rate the net cycle costs can be developed. 

Investm ent credit = Average investm ent x Fixed charge rate x Tim e  

(Indirect Cost) =� l - . 5 ) [( 1 00
2 

x 
.
. 1 6 5  x 4yr) + ( l 0? x . 1 6 5 x 5 yr�J 

= 5 7 . 7 5  operatmg holdmg 
period period 

$/kgU 

The total net cost to the fuel  cycle would then be direct cost m inus the 
investm ent credit (indirect cost ) .  

1 00 S/kg - 57 . 7 5  $/kg = 42 .25  $/kgU 

The basic rationale behind this procedure, and one which is app lied uni formly 
to all other p ortions of the fuel cycle, is that the costs of disposal (or any other 
portion o f  the fuel cycle) should be paid by those ratepayers using the power 
generated by the fuel in question. However, this ideal concept is difficult to 
reali z e  in practice when the tim e  betw een power generation and disposal becomes 
long, as is currently conte mplated.  In this case, the funds collected from the 
ratepayer who pays the (direct)  disposal costs (and uses the power) benefit future 
ratepayers by reducing the fuel cycle investm ent burden that must be borne during 
the subsequent five-year cooling period. On the other hand, the populations of 
cur rent custom ers and future custom ers are generally sufficiently similiar so that 
there are only nominal inequities in this procedure. 

In the real world these relationships are somewhat different when the effects 
of inflation are considered. (Up to this point the analysis has been in const ant 
197 8 $.)  If an average 6%/yr. escalation in disp osal cost during the 5 year cooling 
period were assumed, then the Charge5 at the tim e of disbursal would actually be 
$ 1 3 3 . 80/kgU relative to $ l OO/kgU ( 1 .06 x 1 0 0  = 1 3 3 .80 )  collec ted at the beginning 
of the five year period. The additional p ayment required to offset escalation would 
have to be collected from the then current ratepayers, thereby offsetting the sum 
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of the invest m ent credit benefits that they would have enjoyed as the result of the 
previ ous ratep ayer's disposal paym ent . In this example, the overall net disposal 
cost would then be $76.05 /kgU (after invest m ent credit has been accounted for) . 

There is ,  of course ,  no income tax liability for publicly owned facilities and 
t hus all revenues collected serve to generate an invest m ent credit .  For a typical 
interest rate of 7 . 5 % ,  this credit amounts to 5 2. 5 %  of the Charge so that the net 
fuel cycle cost o f  disposal is  47.5% of the direct cost .  

Individual regulatory com m issions m ay handle the development o f  the 
revenue requirements diff erently, depending upon when paym ents to the 
Governm ent are due and how they are defined and could therefore develop other 
" invest m ent credit"  values. The standard procedure outlined above assumes the 
utility w ill collect the estimated disposal cost during the operating period. � a 
recent FERC survey of state com missi ons carried out in the spring o f  19 7 8  t o  
obtain som e  co mprehensive vie w  o f  rat e-m aking policies relating to nuclear fuel ,  i t  
was found that many policies were still in a formative state. In the face of 
uncertainty as to whether reprocessing will be permitted,  there has been som e  
trend for utilities t o  assume a zero-net salvage value . About a third o f  the states 
responding on this point rep orted that zero-net salvage is being assumed in their 
jurisdic tional filings , and rate cases. So m e  utili ty  companies have adopted a " cost 
of disposal" concept rather than a positive or negat ive salvage value of spent fuel. 
If the D O E  Spent Fuel Policy is imple m ented and the fee defined, regulators will be 
better able to treat disposal costs consistently in ratem aking. 

To re flect  other collection alternatives in this analysis , the variant patt ern 
shown in Figure II- 1 B  was considered. Here the fuel is assumed to be amortized t o  
z ero-net salvage value, and no disposal costs are collected during the power 
generation period. The revenues required to pay the Charge are then collected at 
t he ti m e  of paym ent . This cost is then solely the direct C harge, and represents a 
direct cost impact on electricity costs. The equi ty of this approach is open t o  
question i n  that i t  clearly places the cost burden o f  disposal o n  future ratepayers 
who have not bene fi t ted from the use of the power generated by the fuel in 
quest ion. The model used in Figure II- 1 B  is actually a simplification of what might 
occur in practice in that i t  shows the accrual and disbursal to occur simultaneously. 
More realistically ,  accruals for the disposal expense might either lead or lag the 
actual disbursal, and might take place over some nominal period of t ime.  This 
would modify the result only slightly, and thus has been omitted for the sake of 
simplicity. 

Another alternative could consider the paym ent of the fee at a much earlier 
point in t ime.  A prepaym ent 1 0  years prior to fuel shipping is i llustrated in Figure 
II- I C .  As in case " A" the fee is collected from the utility cust o m er during the 
operating period but in this case the ut ility has a preinvestment so that the 
carrying charge must be added to the direc t  cost. 

Indirec t  C ost 

Total Cost 

1 00 
= ( 1 00 x . 1 6 5  x 1 )  + (

- . 1 6 5  x 4) 2 x . . pre-operation operatmg perIOd 
= 4 9 . 5  $/kg 
= D irec t  + Indirect  
= 1 00 + 49.5  = 1 49 . 5  $/kg 
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13-a In the case when the fee paid is  open to  alt eration at  a subsequent tim e to  
correct previous cost est im ates, it is  likely that si milar collection practices will be  
observed for the basi c fee . The m ethod of collection of any adjusted charge - and 
allocati on to the rate payers would be an additional item to be resolved with the 
respective public ser vice commissions. One possible scenario is outlined in Figure 
II- 1 D  and essentially represents a combinat ion of approaches A and B,  with the 
adjusted charge occurring at a later date after fuel dis charge than is indicated in 
Figure II- l B .  The concern m entioned with regard to Figure II- 1 B  over the equity o f  
collecting this adjust m ent from utility customers different fro m those who 
received the benefit of the power generated applies equally to this alternative. 
For the alternative in which prepaym ent is pro vided, the longer tim e between 
initial paym ent and ultim ate disposition of spent fuel increases both the disparity 
betw een custo m ers benefitting from the power generated and those paying for the 
adjustm ent and the probability that such an adjustm ent will be incurred due t o  
changing cost factors and/or escalation. 

These several examples * illustrate the range in fuel cycle costs that are 
possible for diff erent fee paym ent ti m es to the U . S. Governm ent and for different 
collec tion philosophy from the utility customers. For a 1 00 $/kgU fee the value 
accrued to the fuel cycle could vary from 42.25  $/kgU for 5 year post paym ent t o  
1 4 9 . 50 $/kgU for 1 0  year prepaym ent. 

The mills/kWh has been developed under the typical accounting pattern for 
both PWR and BWR Snits, for both investor-owned and municipally-owned utilities. 
The following table sum m arizes these cost calculations for equilibrium plant 
operations and typical costing param eters. 

* Anot her possible pattern would be one in which funds to establish an annuity for 
paym ent of spent fuel storage and disposal costs are collected at the t ime of 
power generation . The obj ective would be to have the value of the annui ty exactly 
equal to the cost of disposal at the time of disposal , say five years later. 
Est ablishm ent of annuities are not widely accepted in rate  m aking by publi c service 
com m issi ons and seri ous consideration of such a proc edure would require that 
public service co mmissions would change their views. 
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D irect  C ost 
M/kWh 

Indirect  C ost 
lvi/kWh 

Total Cost 
M/kWh 

EQU ILIBRIU M FUEL OPERATIONS 

C O ST OF STORAG E  AND DISPO SAL SERVIC ES 

Basis: Cost in Mills/kWh per 1 00 $/kgU charge 

Paym ent at the time of transfer (5 years 
after reactor discharge) 

C apacity fac tor 70%, Efficiency 3 2. 5 %  

PRIVATE U TILITIES 
Annual Fixed Charge Rate- 1 6 . 5 %  

MUNICIPAL U TILITIES 
Annual Fixed Charge Rate-7 .5% 

PWR BWR PWR BWR 

3 3 .0 G'VD */HTU 27 .5 GWD/MTU 33 .0 GWD/MTU 27 . 5  GWD/� 1 TU 
0.38 0.47 0.38 0.47 

-0 . 2 ]  -0.28 -0. 1 9  -0.25 

0. 1 7  0. 1 9  0 . 1 9 0 .22  

* GWD - (Gigawatt-D ay) - is a unit of energy consumption or  generation in a 
given day. One Gigawatt = 1 00 0  Megawatts or 1 billion watts. 

A.2.2 Influence of Fee on Nuclear D ecision 

It has been generally considered that the demand for base load capacity in 
the United States is relatively insensitive to the cost of that addi tional energy and 
capacity within so m e  reasonable band of future requirem ents. There is,  of  course, 
SOlr.e elast icity of dem and in the power generation field and this is briefly reviewed 
later in this section.  There are effectively only two alternatives for base load 
capacity and these are coal or nuclear. One of the m aj or influencing factors in the 
decision between these al ternatives is that of overall economics. Considering that 
the reference proj ection of future nuclear capacity has been developed wi thout a 
decision on a fee but also with an uncert ainty regarding the ul tim ate availability 
and cost of service for the disposal of fuel, the set ting of a fee can be in fluential in 
the decision-m aking process for individual units. Three al ternative influences can 
be sum m ar i z ed as follows: 

o Positive 
imple m entation of the Spent Fuel Policy and establishm ent of a fee 
result  in reducing uncertainty associated with the nuclear fuel cycle 
and utilities significantly increase nuclear additions above the 
reference case; 
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Negative 
the fee imposed is sufficient ly high that nuclear power is generally 
considered uneconomic and nuclear additions are much lower than 
the reference case; 

Neutral 
the fee imposed does not significantly al ter the comparative 
econo m ics of available generation sources, nor does the level o f  
de finition provided b y  the f e e  substant ially alter the utility 
assessm ent o f  uncertainties am ong alternatives. Therefore,  the 
re ference proj ection rem ains unchanged. 

In considering these several possibilities and the m agnitude and i mportance of 
the positive and negat ive e ffects the nuclear decision is ,  on balance, considered to 
be unaffec ted by the fee at the full-cost recovery levels that are being considered. 
It is , of course,  possible that som e  individual decisions m ay be negative because of 
the fee or others might certainly be positive. 

The cho ice between base load generat ion alternatives is strongly influenced 
by the evaluation o f  total generation costs, consisting of a capital charge,  a fuel 
cost,  and an operations and m aintenance charge. Average U.S. costs, based on 
regional estim ates m ade by the Energy Inform ation Administration (EIA) for 
nuclear and coal ge�erat ion al ternative units start ing up in 199 0 ,  can be 
sum m ar i z ed as follows: 

COAL NU CLEAR 
With Scrubber No Scrubber 

C api tal-mills/k Wh 14 .6  10 .6  1 7 . 1  

Fuel 1 2. 1  1 6 . 6  7 .4 

O & M  3.3 1 . 3 1 . 9  

Total-mills/kWh 30 .0  28 . 5  26.4 

Although the U.S. average gives the general character of costs,  individual 
plant decisions are based on the costs for a given locat ion which have a much 
broader range of costs. For the coal plants,  the fuel component varies significantly 
o ver various sections of the country, with the resul tant total substantially greater 
or less than the av�age shown. For example, the difference between coal and 
nuclear costs cited ranges fro m  +7 m ills/kWh in the New England region to -2 
mills/kWh for m ine m outh coal stations in two m idwest regions. In their 
interpre tation of these data EIA stated: 

" ... In general the answer to the coal vs. nuclear question is too close to call in 
m ost regions because of cost uncertainties underlying the averages . . . .  ". 3 

It is within this cost region that nuclear plants are expec ted to capture on the 
order of 3 8 0  GW of U.S. generation capacity by the year 2000.  e 
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The key variable in the above sum m ary for different regions of the country i4 

that of the coal fuel  costs. In a recent Energy Inform ation Adm inistration Study 
the variations in coal costs across the U .S. were developed. The lowest cost 
region, N orth Central,  w as 1 0 5¢/MBTU (equivalent to about 1 0  mills/kWh) 
compared to 1 83 ¢/MBTU { 1 6 . 5  mills/kWh} for the New England Region average. 
Specific locations within e ach region also have a range, hence the U . S .  range would 
be m ore like 8- 1 8  m ills/kWh. With such a wide variation throughout the country, a 
spent fuel storage and disposal fee, which would increase costs by 0 . 23 - 0.48 
mills/kWh (the value resulting from 1 27-27 1 $/KgU for storage and disposal-(Table 
ill. D . l }--would not bear on m ost of the nuclear/fossil decisions, particularly when 
the nonpr3cise nature of future cost proj ections are considered. (It has been 
estimated that the certainty o f  future operating costs probably lies within + 1 0% 
o f  the co mputed cost,  a much wider range than that due to the fee) . 

If the fee varied by a substantial am ount from the reference cost , and it will be 
shown subsequent ly that for " full-cost recovery" in a const ant-dollar analysis such 
a large variation is not likely, the influence on the nuclear/fossil decision would 
still be minim al. Even a subsidy-pricing or a penalty-pricing basis, within the 
context of a fac tor of two or so, would still not change total generation costs very 
i mportantly. 

This modest effect of the fee is further substantiated by a series of interviews 
with ten di fferent utilities in which they stated: 

"Within the range discussed in Appendix A { 1 1 5- 1 6 1  $/kg} * ,  the fee level 
would not affect utility decisions. Unless the cost of storage and disposal 
increased signifi cant ly, the cost advantage would re m ain with nuclear power. 
One utility said that the competitiveness o f  nuclear energy would �ot be 
affected until the waste disposal cost increased to well above $500/kg. " 

Utilities, responding to the Draft EIS, further supported this analysis of the 
potential impact of the fee. Specifically, the Edison Electric Inst itute has stated 
that it "concurs with the determinati on that the fee level and paym ent will no t 
impact  the growth of nuc lear power " .  

Contrary t o  the general principle that an increase i n  costs causes a decrease in 
dem and, utilities have expressed concern that the unknown cost for storage and 
disposal (or even m ore basi cally, an unkno wn as to what the disposal opt ions might 
eventually be) would cert ainly have a negative in fluence on a nuclear decision. 
There fore, the setting of that fee and the elim ination of the unknown conversely 
will have a positive effect on som e nuclear decisions. This particular effect is, o f  
course,  im possible to quantify but is, nevertheless, real. I t  i s  considered, then, that 
the relatively no mim al cost increase as a result of the setting of a fee considering 
the band of uncertainty relating to the coal-nuclear decision would result in a 
neutral effect. On the other hand, the fee can have an influence on the decision
m aking related to " at reactor" or " aw ay-fro m-reactor" storage as discussed in 
Section IT.A. Even these decisions, however, are further const rained by physical 
capacity of facilities on site,  regulatory concerns and licensing considerations, so 
that establishm ent of the program and the fee would not reduce nuclear 
uncert ainties related to alternative power sources to the point at which it would 
substantially impact on the choice between two systems. 

* This range was presented to utilities as an early DOE estimate and is not 
inconsistent with the fee level analyzed in the EIS. 
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With respec t to the pot ential impact on overall de m and for electricity, the 
foregoing analysis can be extended to consider existing data on both costs to 
produce specific types of power,  and revenues received by the power companies as 
w ell as uncertainties currently faced by utility custom ers in terms of fuel 
adjust m ent clauses. Based on data compiled by the Edison Electric Institute costs 
of produc tion in 1977 w ere 39 mi lls/kWh for oil units, 20 m ills/kWh for coal, and 1 5  
mills/kWh for nuc lear .  Revenues received fro m customers in 197 8 averaged 34.6  
mi lls/kWh for all types of services nationwide (with a range of 25 .9  - 4 1 . 0  
m ills/kWh for different classes o f  service-e.g. industrial and comm ercial for the 
low and high values cited here) and the reference fee will therefore represent an 
even sm aller frac tion o f  the electricity cost to the consum er than of the power 
cost to the utility. As an indication o f  the changes that occur in pricing, which 
demonstrates the relatively insignificant effect of the fee, existing fuel adjustm ent 
clauses resulted in a range of D elta charges from - 1 . 5 2  to +26 m ills/kWh for 
residential users nat ionwide in January, 1 97 9 .  

Studies conducted by the Electric Power Research Institute (EPRI) 6 have 
attempted to quant ify the e ffect of price changes on the demand for electricity, a 
t ask that is complicated by its alm ost total empirical basis and the difficulty in 
isolating price e ffects from others such as w eather , economic conditions, changes 
in competitive energy costs, etc. The studies cited in Reference 6 indicate that 
elec tricity demand is relatively inelastic in the short run and m ay be som ewhat 
elastic in the long run. The long-run price elasticity estimates cited are:  

- 1 . 1 7  for residential custom ers (a 1 % increase in  cost causes a 
1 . 1 7 % decrease in consumption) , 

- 1 .22 for com m ercial, and 
- 1 . 00 for industrial (Table 6.4 o f  Reference 6 ) .  

It was emphasized, how ever, that this elast icity i s  re flective m ore o f  dem and 
for energy (in kilowatt hours) rather than peak de m and for power (in kilowattts) .  
Decisions on capacity additi ons must reflect decisions by the utilities on the 
expected peak dem and for power, and while it was emphasi z ed that the data are 
still preliminary in nature, current data suggest a fairly inelastic response to price 
changes for this demand. 

B. Unit Cost D evelopm ent 

The fee to be charged for spent fuel st orage and/or disposal is computed to 
recover full U.S .  Governm ent cost incurred to provide several different operations. 
Total costs are based on the sum m ation of costs to provide each of the following 
facilities or services: 

o Independent spent fuel  storage (ISFS) costs. 

o Transport ation of spent fuel betw een interim spent fuel storage (ISFS) 
facility and geologic repository. 

o Encapsula tion facility costs. This facility, assumed to be loca ted at the 
geologic repository , wi ll receive spent fuel from reac tors and/or ISFS's and 
package it for ult imate disp osi tion. 
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In addition, estim ates of research and developm ent , carrying charges, and 
U .S .  Government overhead incurred for the spent fuel storage and/or disposal 
program are included. 

B . 1  Shipping 

The spent fuel transportation considered in this sec tion is from the reactor 
basin to the U . S. Governm ent facility where title is transferred, and from the ISFS 
facility to a U . S .  Governm ent geologic repository�· Initial shipm ents by the electric 
utilities will be to an ISFS facility until the U . S .  Governm ent geologic repository 
b ecomes available. At that tim e shipm ent of spent fuel direc tly to the repository 
w ill com m ence initially on a li mited basis until full scale disposal operation 
becomes established. 

Transportation cost for spent fuel ship ments from the ISFS to a U . S. 
Governm ent repository is a component of the U .S .  Governm ent charge for spent 
fuel storage and disposal services. The basis and m agnitude for this cost 
co mponent is reviewed in the subsequent developm ent. Although not included in 
the U . S .  Government charge for spent fuel storage and disposal services, costs for 
spent fuel shipm ents from reactor basins to U .S .  Governm ent interim storage or 
geologic repository are of interest since utility evaluation of the alternatives will 
consider this cost component . 

Transport ation cost estim ates presented in this section are consistent with 
the use of existing cask designs and lease of equipm ent from the private sector. As 
purely operating costs,  without a separate research and developm ent component, 
the costs considered are unit costs and are not sensit ive to quantities of spent fuel  
to be shipped. 

B. l . 1  Reactor Plant to U.S .  Government Interim Storage or Repository 

The electric ut ilities will be responsible for shipping of spent fuel to a U . S .  
Governm ent Independent Spent Fuel Storage (ISFS) facility or  Repository. This 
shipping cannot be charac teriz ed simply since costs are highly dependent on the 
proximity of the reactor to the receiving facility. Also, some reactors will be 
capable of handling only truck casks while other utili ties will elect to contract for 
spent fuel shipping in railroad casks. 

According to Reference 5, shipm ent of spent fuel fro m  dom estic reac tor 
basins to ISFS basin will be typically 1 000 m iles, and 30% of the fuel w ill be 
shipped in truck casks and 70% will be shipped in rail casks. The same split of 
truck and rail cask is  presented for direct shipm ent from the dom estic reactor 
basins to the geologic repository, however, a typical distance o f  about 1 500 m iles is 
used as the basis for evaluations. Typical transportation costs which are consistent 
with the re ference distance are presented in Table IT- l .  The actual spread in costs 
for the individual utilities w ill be considerable depending upon the actual distances 
to be trave led, local transportation conditions and rates, and shipping cask 
contractual arrangements. In addition to the typical dist ance between domestic 
reac tor basins, and the ISFS basin and R epository is the inclusion of a 500  mile 
distance for truck transport to show the sensitivity o f  a distance closer than the 
reference cases. 
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TABLE lI -l 

Summary of Transport ati on Costs for Shipment 
of Spent Fue l from Dome st ic Reactor Basins to Government Faci l ity 

TRANSPORTAT I ON COST* , $/kgU 

Dome stic Reactor Basin 
t o  I SFS Fac i l ity 

Domestic Reactor 
Basin to Disp o
s i t i on Faci l ity 

( 5 00 mi l e s )  ( 1000 mi l e s )  ( 1500 mi les ) 

1 .  TRUCK 

$500/day lease 
$ 1000/ day lease 

2 .  RAI L 

a .  Re gu lar Service : 
$ 2500 /day lease 
$ 3000/day lease 

b .  Dedicated train : 
$ 2500  d ay/ lease 

1 cask per train 
2 casks per train 
3 casks per train 

$ 30 00 day / lease 
1 cask per train 
2 casks per train 
3 casks per tr ain 
4 casks per train 

As sumpti on s : 

10 
15 

Typ i c a l  truck and rai l t ariff 
Dedicated train charge of $ 20 /mi le 
Speed averaged over ent ire day : 

truck - 30 mph 
regular t rain - 4 mph 

Typ i c a l  loading and un loadin g t ime : 
truck cask - 3 days 
rai l cask - 5 days 

15 
2 2  

2 3  
2 7  

29 
2 3  
2 1  

32 
26 
24 

2 1  
29 

33 
39 

4 1  
32 
29 

4 5  
36 
33 
3 1  

Cask capac ities ( 6 0 %  PWRs & 4 0 %  BWRs ) 
truck - 0 . 4 2 MTU 
rai l  - 3 . 3  MTU ( I F - 300 cask) 

*Transportat i on cost on ly includes 
hau ling , special  train us age , and 
cask lease . 
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The lease rates and distances shipped are comparable with the referenced 
reports. Likewise the average speeds for truck and rail travel, and cask load and 
unloading times cited in �able IT-I are typical of values in8 the refere;9ced Oak 
Ridge National Laboratory , former Office of Waste Isolation , and TRW reports. 

The individual cost values presented in Table IT-I are in reasonable agreement 
with the comparable values in Reference 13 since the calculation bases are quite 
similar. Table IT-I indicates that truck shipments of spent fuel from domestic 
reactor basins tend to be lower than for either regular train service or dedicated 
train service for the conditions assumed. 

Dedicated trains demonstrate a clear economic advantage over regular train 
service, and even truck transport , only when multiple casks comprise the dedicated 
train. This apparent advantage may not be easily gained by the typical electric 
utility, however , since the availability of multiple casks and the t ight scheduling 
required for their use would probably be the exception rather than the norm. 

B. 1 .2 ISFS Facility to Repository 

Reference 1 5  uses $3 1 . 5/kgU as the unit cost basis for transportation by the 
Government of spent fuel from the ISFS to the Repository. The detailed 
breakdown of this cost is presented in Reference 14 .  This unit cost can be better 
estimated than the cost for transportation from reactor basins, since a reference 
distance between points of origin and termination can be defined (in this case about 
1 600 miles) , and the large quantity of  fuel lends itself to close scheduling for full 
util izat ion of multiple casks on dedicated trains. 

The underlined transportation cost in Table IT-I of $3 1/kgU is comparable to 
the reference value ($3 1 . 5/kgU) used in the PfOliminary estimates of the charge for 
spent fuel services by the U.S .  Governm ent. The reference case mileage from 
the ISFS facility to the Repository is slightly longer, which could increase the 
underlined transportation cost slightly for even closer agreement with the 
reference unit cost . This cost information, although presented in slight ly different 
form,  is also consistent with related assumptions in Volume 2 of this EIS. 

The reference unit cost for transportation seems to be a reasonable basis for 
this component of the U.S .  Government charge for spent fuel services. Cask lease 
comprises about 73% of this cost and there fore actual negotiated lease rates would 
sim ilarly affect this unit cost. 

B.2 Independent Spent Fuel Storage (ISFS) Costs 

B .2 . 1  Capital 

A number of est imates of  construction costs of away-from reactor spent fuel 
basins have been m ade. Because of its rather short li fe the cost for the interim 
storage of spent fuel is a strong function of the investment in the spent fuel basin 
and supporting facilit ies. The base costs used in the DOE est imates for the one
time-charge for basin storage are ffsed on investment estim ates made by DuPont 
at the Sa'lClf1nah River Laboratory. An independent estim ate has been m ade by 
the IAEA recent ly, which, as is shown in Figure IT-2, brackets the DuPont 
:st �mate '13&�� 5000 MT size. Estimates have also been made by other sources as 
mdIcated. 
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As can be seen the DuPont est imates follow the trend of the other estim ates 
and are generally higher and therefore, from the point of view of estimating the 
fee ,  more conservative than most other est imates. The upper range of the IAEA 
est imates assume stringent safety provisions and that is the reason for their being 
generally on a trend that would be higher than the DuPont est im ates. 

B.2.2 ISFS Operating and Maintenance Costs 

The ISFS operating and surveillance costs used were developed by DuPont at 
the Savannah River Laboratory. These are compared to other estimates of ISFS 
O&M and surveillance costs. 

ISFS O&M costs are $6 million/year as est imated by DuPont. ISFS operations 
are almost entirely personnel oriented and no variation in costs was assumed for 
different amounts of fuel being delivered. This implies that the ISFS facility is 
staffed at the level of maximum receipt rate at all times. 

The IAEA 12 estim ates O&M costs ranging from 'V $6 million per year to  $8 
million per year at fjceipt rates ranging from 1 500 MTU per year up to  3 000 
MTU/year. Hanson has estiTlted O&M costs for a sm all repository ( 1 000 MTU) 
at $ 1 .25  m illion, and Gordon reports a range of  O&M costs from $4 to $7 
million. On the basis of  this compar ison the O&M costs utili zed in this analysis are 
reasonable. 

B.2 .3  Private versus Public Ownership of  ISFS Facilities 

The capital, O&M and decommissioning cost est imates provided herewith are 
independent of the mode of ownership or the type of financing. The level of the 
fee charged wi ll, of course, depend upon the debt/equity ratio of the corporation 
tax structure, and fixed charge rate utili zed by it .  

In their analysis, TRW9 assumed private ownership of the ISF S. In Reference 
1 5  a private ownership mode was also considered. This mode of ownership 
increased the level of the fee 6% relative to the reference case due to the higher 
cost of capital for the private entrepreneur. 

B .3 Geologic Repository and Encapsulation Facili ty Capital and Operating Costs 

B .3 . 1  Capital Costs 

Geologic repository costs are based on estimates developed by the former 
Office of Waste Isolation (OWl) at Oak Ridge. The geologic repository is assumed 
for this analysis to  be in bedded salt and to encompass 2000 acres. The init ial 
facility is designed to contain about 1 00 , 000 MTU of fuel but is loaded 
conservatively as a " first of a kind" facility to 4 5 ,000 MTU.  The receipt  rate is 
1 800 MTU/year for the first five years during which the operability of the facility 
is "verified" and 6000 MTU/year thereafter . The capital cost of this facility is 
estimated to be $500 m illion. 

TRW9 est imated $596 million for a similar facility on the basis of the same 
sources. The maj or items of  difference are treatment of  contingencies, owners's 
cost , and the assumption of 25 year retrievability by TRW. 
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The basic data for these estim ates was based on work previously carrried out 
for high level wastes and is therefore preliminary in nature. Clearly, additional 
design and analysis to provide more detailed estimates is required before the final 
cost estimates for the fee can be developed. 

B.3 .2 Operating Costs 

Based on some work by OWl, previously discussed, estimates of operating 
costs and decom �issioning for the geologic repository have been developed. As 
reported by TRW the operatip§ costs range from $77 million to $ 1 08 m illion per 
year .  As estimated by PNL a figure of $50 m illion per year was used f09 
operating costs. Decom missioning costs of $ 1 98 million were reported by TRW 
and PNL reported the s!�e value for the initial repository and $ 1 3 8  million for 
subsequent repositories. As seen in Table II-2 , the decommissioning cost is 
estimated to be low er for a 1 00 , 000 MTU repository than a 45 ,000 MTU repository 
because the latter maintains a waste retrievability criterion which adds to the 
decom missioning changes. Like the repository capital costs these are preliminary 
figures and subject to review as more detailed designs evolve. 

B .4 Encapsulation Facility 

Capital cost est imates for an encapsulati� facility have been developed 
based on {�f'nceptual designs studies by OWl and also Rockwell Hanford 
Operations of a facility sited at the geology repository. For conservatism , the 
higher figures ($287 million) as estimated by PNL for a sim ilarly sized facility 
based on the Rockwell work were used in this analysis. Annual operational costs 
range from $20 million for 6000 MTU/year of fuel process9d to $ 1 0  m illion for 2000 
MTU/.year of fuel processed. The estimates are by TRW based on the OWl work. 
PNL estimated costs at $3 1 million per year for 6000 MTU of fuel processed based 
on the Rockwell work. 

Decommissioning costs for the encapsulation facility were estimated to be 
$26 milli on as reported by TRW. No decommissioning costs were reported by PNL. 

Table II-2 summarizes the capital, operation and m aintenance and 
decom missioning cost for the storage and disposal operations. 

C. Pricing Methodology 

C . 1  Procedures to be Followed 

The pricing procedure to develop the fee is one of projecting the future cash 
flow requirements for both capital and operating costs over the total period being 
evaluated and then developing the revenues obtained from the utilities for purchase 
of the storage and disposal service. For the case in which facility lifetimes extend 

1 3-g beyond the time period evaluated (no tably the geologic repository) costs for the 
entire facility are analyz ed and appropriately apportioned to the fuel emplaced 
during the evaluation period. The present worth of the total costs and the total 
revenues are m ade equal to each other utilizing a 6 .5% present w orth factor, and 
hence any difference in these two cash flows are debited or credited at the 
Governm ent debt rate. The result of this procedure is " full cost recovery" to the 
U . S. Government.  If the U . S. Government advances money for the construction of 
facilities they then eventually receive that m oney back with the full interest that 
they have to pay and hence the early investment by the U .S. Government is at "no 
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TABLE I I - 2  

Summary o f  Un i t  Co s t s  for F aci l i t i e s  and Serv i ces 

COMPONENT 

Tran sp ort a t i on 

I SFS 

1 , 0 0 0  MIU 

5 , 0 0 0  MrU 

10 , 0 0 0  MIU 

Encap s u l at i on 
Faci l it y  

6 , 0 0 0  tvITU/year 

9 , 00 0  rvITU/ye ar 

G e o l o g i c  
Rep o s i t ory 

45 , 0 0 0  �ITU 

1 0 0 , 0 0 0  HTU 

R & D  and G ov ' t .  
Overhead 

CAP I TAL 

(Mi l l i on s  of 
' 78 $ )  

19 . 2  

2 0 1 

3 2 2  

346 . 4  

5 19 . 6 

5 0 0  

5 15 

5 6 0 . 4  
( 19 77- 1 9 86 )  

OPE RATI ON AND MAI NTENANCE 

(Mi l l i on s  of ' 78 $/Ye ar )  

3 1 . 5 0/kg 

Inc luded with l arger base 
module 

6 

8 

2 1 . 2  mi l l ion fi xe d  
0 . 0 0 384/canister 

3 1 . 8  mi l l i on fixed 
0 . 0 0 384/canister 

50 . 0 0 
0 . 0 04965/cani ster first 
5 years 
0 . 0 0 1965/can i s ter there 
after 

5 4 . 30 
0 . 0 0 5 0 0 7/cani ster first 
5 years 
0 . 00 2 0 0 7/canister there 
a fter 
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1 3 . 0  
( 19 77 on ) 

DECO;·1MI S S ION I NG 

(Mi l li on s  o f  ' 78 $ )  

Inc luded with 
b ase modul e  

2 0  

2 8  

I n c l uded with 
ge o logic re 
p o s it ory 

19 8 . 35 

1 3 7 . 6 5 3  



cost " .  This procedure i s  generally known as  a discounted cash flow analysis and is 
used extensively in industry to equate expenditures and revenues over different 
t ime frames. Such a procedure also m akes the U.S. Government "indifferent " to  
alternative revenue t imings since the bottom line of costs balance i s  zero 
regardless of the timing of revenues. On the other hand, it is clear that earlier 
paym ents reduce the total investment basis and therefore m ore or less funds must 
be appropriated depending upon the specific procedures and t iming of the fee 
payment. 

The utilities' view is substant ially different because their present worthing 
factor is higher and is dependent upon their annual fixed charge rate and, further , 
their costing is for a different t ime period; that between the actual generation of 
power from a given batch of fuel and the paym ent of the storage and disposal fee 
for that fuel. This was reviewed earlier in a generic way and is quantified for the 
reference case in Section m.c. 

The estim ation of costs for storage and disposal will be revised periodically 
as actual facilities are constructed and so the expenditures m ade for embedded 
costs are used when such information is available, in addition to revised est imates 
of future expenditures. When these cost changes are significant , the announced fee 
schedule for future storage and disposal will be m odified so that the total of all 
revenues as proj ected will be equated to the then current revised cost estimate.  In 
other words, the fee charged for services will float in the future to appropriately 
reflect revenues to the Governm ent equal to the cost to the Goverm ent with both 
revenues and cost adjusted by the 6 . 5% present worth factor. Appendix A provides 
additional detail and the m athem at ical formulations used for the costing procedure 
that may be used in establishing a full cost recovery fee schedule. 

Within this fram ework of full cost recovery the actual paym ent t imes can be  
early, at  the t ime of transfer of fuel, subsequent to the transfer of fuel, a single 
paym ent , or mult i paym ents. These alternat ives will be viewed differently by the 
utility industry with certain of the alternatives being m ore adaptable to the utility 
regulatory environm ent while others would represent problems in the allocation of 
the fee paid by the utility to the electricity consuming custom ers. 

The reference paym ent scenario assum es that a "one-t ime-fee" is paid at the 
t ime the fuel is transferred to the Government (not earlier than 5 years after the 
fuel has been discharged from the reactor) . Fuel m ay be transferred to the 
Governm ent for ISFS storage followed by disposal , in which case the fee is 
established to recover the cost of both of those services. Alternatively, depending 
upon the tim ing, the fuel may be transferred for disposal alone, in which case the 
fee would be less and be calculated for that service alone. 

C.2 Difference in Projected Costs 

Following the procedures generically outlined above, if  the future 
expenditures by the U . S. Governm ent were those actually achieved (perfect cost 
foresight) and the spent fuel flows were as projected, the level of cost developed 
would not change over t ime ,  that is, it would be the same dollars per kgU whether 
the service was purchased in 1 98 5 ,  1 990  or 1 9 9 5 ,  etc. As perfect foresight cannot 
be achieved, future costs will be either higher or lower than that projected and 
hence there would be a mism atch between discounted revenues and discounted 
costs unless there were adjustm ents to the fee--thereby changing the projected 
discounted revenues to match the fee. 
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The question might be asked as to whether changing a "one-time-charge" can 
be dealt with in the proposed pricing structure. The most comm on change in future 
costs which can easily be hypothesi zed is that of escalation; wherein if no 
allowance has been made for future escalation (the analysis being done in constant 
dollars) escalation will certainly increase future costs. As this escalation actually 
occurs, the then current costs will be greater than that proj ected a year or several 
years earlier and hence the fee charged at that point in time. In fact ,  this increase 
in cost applies not only to the fuel then being received, but some of that increase 
in cost must be allocated to increased costs incurred for fuel,  which has already 
been received and paid for.  Because of the continuing and expanding nature of the 
fuel flows this increase in cost is fully capable of being deal t  with without 
extraordinary increases in fee as compared to the fee paid earlier. This kind of  
effect i s  quantified in  the implementation section of this report ,  m.B. 

An alternative adjustment procedure could consider the fee paym ent at som e 
earlier time with a second adjustment fee to account for escalation at the time of 
fuel transfer. It would also be possible to  consider other "corrections" on delivery. 
These secondary types of adjust ments result in some difficulties for the utilities to 
implem ent as the second payment if not fully defined cannot be correctly allocated 
to the utili ty customers during the operating period. 

Implem entation of a fee system which provides the ability to  correct for 
changing cost factors-whether due to escalation, underest imation of facility costs ,  
change in facility design, et c.-up unt il the time at which spent fuel is ultimately 
disposed, offers the advant age of maintaining responsibility for a specific batch of  
fuel with the ut ili ty who generated i t .  No inequity i s  introduced, therefore, 
between costs incurred by early and late users of the storage and/or disposal 
services. 

The Government and utilit ies have a somewhat different view of a "one-time
charge" in which a later fuel bears some of the costs of earlier fuels. For example: 
Assume that a utility has paid for a first batch of fuel at I OO $/kgU and has paid for 
a later batch of fuel at I SO$/kgU. Each of these payments represent a "one-time
charge" for that particular batch of fuel as viewed by the utility. The 
Governm ent's view on the other hand sees I OO$/kgU for the first batch, which 
charge has been shown to be insufficient in a later analysis, and therefore a charge 
for the later batch of I SO$/kgU was levied. The "correct " allocation should have 
been 1 2 S $/kgU for both batches and therefore the original I OO$/kgU was not a 
"one-tim e-charge" .  The alternative, however, of back charging 2S $/kgU on the 
first batch presents the utility with som e accounting and regulatory problems, 
hence the I SO$/kgU charge which does recover full cost to the Governm ent is a 
preferred approach from the utility point of  view. 

C.3  Pre and Post Payment Alternatives 

There could be any number of payment time alternatives for a charge. For 
example, such times could vary from paym ent at the t ime of Separative Work 
Paym ent , to  paym ent five years before delivery, to payment subsequent to  delivery 
and/or any combination of these or even wider spread alternatives. The level of  
the fee would be somewhat different depending upon when the payment i s  made but 
a m ore important effect would be on the investment requirements by the U.S .  
Government . Clearly, very early paym ents would minimize "new money" 
investment because the fees collected would in fact pay for the capital costs of  
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facilities and their future operations costs .  Conversely, payment after receipt of 
fuel would require a maximum investment on the part of the U .S. Government 
because facilities would have to be buil t  and operated for awhile before the 
revenues w ere received. This effect has been quantitat ively developed by DOE in 
their analysis of  several payment alternatives and is illustrated in Figure ll-3 . This 
analysis, which assumes constant 1 9 7 8  dollars and perfect foresight of future costs ,  
indicates the cash flow posi tion by the U.S .  Government could vary from a 
maximum of approximately $800 million (present worth $) to a negative investment 
of about the same magnitude . The notes on this Figure summarize the several 
paym ent schedules evaluated. 

Recognizing that there are always compet ing demands for available funds in 
today's society, minimiz ation of U .S. Governm ent investment in the spent fuel 

1 3- i  storage program should be  another considerat ion in  establishing the fee and 
payment time. Although in terms of achieving full cost recovery, the U .S .  
Government is indifferent to the time  of  payment of the fee, i t  i s  possible that 
some cash flow considerations m ay favor a specific payment time alternative. As 
further discussed in Section IV.A.4 , the range of spent fuel flows and related 
environmental e ffects evaluated in this EIS would remain unchanged if paym ent 
time were specified at other than the time of transfer assumed in the reference 
fee. 

It should be noted that if earlier payments are made there is a much higher 
probability of change in the future paym ents because less is known about the actual 
expenditures as they will occur. Further, if no assumption as to further escalation 
is m ade and an allowance for such escalation included, this factor alone could 
cause significant variation in early payments of fees as compared to the later 
paym ents. One of the advantages of a later payment schedule is that it  would 
reflect a more correct value for the full recovery of costs associated with a given 
batch of fuel. A very early paym ent schedule on the other hand could cause the 
early bat ches of  fuel to be significant ly undercharged and therefore necessitating 
adjustments to either all fuel or merely to future transfers to maintain full U .S .  
Government cost  recovery. 

C .4 Single and Multiple Cost Centers 

In developing a " fee" the actual payment could be made at a single point in time, at 
different points in t ime,  for a total service of storage and disposal, for disposal 
alone, or a single payment for everyone whether they needed interim storage or 
not. From the U . S. Governm ent point of  view the revenues can be balanced 
appropriately against cost no m atter which of these alternatives is utili zed and the 
costing procedures used are slight modifications of that described above. 

The util ity view of these alternat ives, however, is quite different and m ay 
influence them to proceed different ly in both their service requirements and their 
timing. This difference in timing and/or service requirements can have an 
environm ental effect which is quantified in Section IV. 
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m.  IMPLEMENTATION OF PRICING POLICY 

A. Development of Reference (Nominal) Cost Case 

A . l  Development of Base Reference Data 

The reference or most probable cost case is determined by equating total 
revenues to total expenditures based on nominal annual spent fuel flows (from 
reactor to ISFS, from reactor to repository and from ISFS to repository) and annual 
cash flows for each service or facility used. In other words, total cost equals total 
income, with appropriate weight given to the timing of each. Each of the input 
parameters of this calculation m ay vary - depending upon the particular estimating 
procedure used to determine a particular item or the weight given to various 
factors by a U.S. utility or foreign country in deciding to transfer spent fuel. 

A. I . l  Domestic Reference Case 

In light of current U.S. policy, one must consider the eventual disposal of 
spent fuel as waste. There are some options as to how to arrive at the disposal 
point but the total quantities for disposal are basically set by the embedded and 
com mitted nuclear power facilities. Operating plants and those already committed 
represent over half the total expected on line through the year 2000. Table m.A. l 
summ arizes the reference flows to the ISFS and to the repository based on the 
nominal cycle of the ISFS in operation in 1983 and the repository in operation 
beginning in 1988.  Utilizing these m aterial flows and the unit cost data as 
summarized in Section n.B., a cost of service of $227/kgU for storage and disposal 
and $ 1 1 7 /KgU for disposal only has been developed. These costs are distributed in 
accordance with Table m.A.2. It should be noted that these costs are in 1 97 8  
dollars and represent the average payment due at the time that spent fuel i s  trans
ferred to the Government. These values further assume that the costs and the 
material flow develops as proj ected and no escalation or contingency c2sts are 
accrued. As noted in the DOE report on prelim inary estimates of the Fee, use of 
this reference case is not intended to indicate that it  is  the m ost likely one to 
evolve. The purpose of this Volume of the EIS is  to evaluate the impact on the 
environm ent of various methodologies for establishing a fee for the storage and/or 
disposal of spent fuel. The reference fee has incorporated several conservative 
features and no attempt at economic optimization has been incorporated. The 
following analyses in Section m.B indicate the variation in price that may occur 
with perturbations from the reference values. They have been developed to  
explore the sensitivity of the fee and fee structure to various situations which may 
evolve. 

A . I .2 Reference Case Including Foreign Fuel 

It is not possible to predict the exact quantities of foreign spent fuel which 
m ay be sent to the U.S. under the Spent Fuel Policy announced in October 1 9 7 7  
since this would depend on a number of variables including the policy and economic 
decisions of foreign governments and utilities regarding the optimum means of 
handling their spent fuel.  Such decisions will be based on the cost and availability 
of alternat ives including expanded national storage or reprocessing) and non
proliferation considerations. A discussion of these m atters is more fully set out in 
Section n.D of Volume 3 .  
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TABLE I I I . A . 1 

Spent Fue l Hovement s - Reference Cas e 

(Metric Tons o f  Heavy Met al ) 

Year I SF S  Faci li ty Geo logic Repos i t ory 

Annua l Shipment s  I nventory Annua l Shipments I nvento ry 
Dome s t i c  Forei gn Dome s t i c  Foreign 

1 9 8 3  9 7 8  1 1 0  1 08 8  

1 9 8 4  4 2 9  5 0  1 5 6 7  

1 9 8 5  5 0 6  65 2 1 38 

1 9 8 6  6 0 5  7 0  2 8 1 3  

1 9 8 7  6 5 5  8 0  3 5 4 8  

1 9 8 8  ( 1 0 1 2 )  2 5 3 6  1 7 1 0  9 0  1 8 0 0  

1 9 8 9  ( 9 5 3 )  1 58 3  1 7 0 5  9 5  3 6 0 0  

1 99 0  ( 8 4 0 )  7 4 3  1 69 0  1 1 0  5400  

1 9 9 1  4 2  7 8 5  1 7 2 7  7 3  7 2 0 0  

1 9 9 2  1 2 0 9 0 5  1 8 0 0  9 0 0 0  

1 9 9 3  1 3 0  1 0 35 6000 1 5 0 0 0  

1 994 1 3 5 1 1 70 6 0 0 0  2 1 0 0 0  

1 9 9 5  1 4 5  1 3 1 5  6 0 0 0  2 7 00 0  

1 996 1 5 0  1 4 6 5  6 0 0 0  3 3 0 0 0  

1 9 9 7  ( 3 6 8 )  ( 1 2 2 )  9 7 5  6 3 6 8  2 8 2  3 9 6 5 0  

1 99 8  ( 4 9 0 )  4 8 5  6 0 0 0  6 5 5  4 6 305 

1 9 99 (4 8 5 )  6 0 0 0  6 65 5 2 9 7 0  

2 0 0 0  6 0 0 0  1 9 0  5 9 1 60 

Notes : 1 )  Dome s t i c  shipments from Tab l e  3 ,  Reference 1 .  
2 )  Foreign shipment s from Tab l e  I I - I , Volume 3 ,  Opt ion I ,  and private 

C01lllllunication . 
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TABLE I I L A . 2 

F l em'ent s o f  Fee - DOiIW.; d c  Re ference Case ($/kgl j )  

Disposal On ly Storage and D i sp o s a l  

I S FS 1 04 

Transportation 26 

Encapsulation 34 2 6  

Geologi c Repo s i tory 5 1  39 

R&D and Gov ' t .  Ov erhead 3 2  3 2  

To tal  1 1 7  * 2 2 7  

*Not e : The charge here di ffers s l i ght l y  from that in OOE/ ET - O O S S  

s ince the ISFS i s  not empt i ed as qui ck l y . 
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A related quest ion, however , is whether the handling of foreign fuel 
significantly or importantly changes the U. S. fee structure thereby causing a 
change in environmental effects due to the change in the domestic users' view of 
the service provided. Such a change would prim arily be in the area of the ISF S 
charge since these costs are relatively sensitive to a changing m aterials flow 
characteristic to and from the facili ty. The estimates of foreign participation 
based on the delivery schedule shown in Table ill.A. l were chosen as reference 
foreign cases to assess the potential participation on the fee. This is compat ible 
with the philosophy that individual countries will manage their own spent fuel 
storage and disposal to the fullest degree possible. The lowest est imated flow for 
foreign fuel combined with the reference domest ic flow results in a storage and 
disposal cost of 202 $/kgU and disposal only cost of 1 1 4 $/kgU compared to 227 
$/kgU and 1 1 7 $/KgU respectively, for the reference domestic case. * This 
decrease in cost is generally characteristic of higher dem and as was illustrated in 
the DOE prelim inary est im ates. It might be concluded therefore that in this case 
foreign participation results in a reduction in cost to  U.S .  utilities. Therefore, i ts  
inclusion has a positive economic effect. Volume 3 of this EIS has evaluated a 
range of likely amounts of foreign spent fuel that may be transferred to the U . S. 
under the Spent Fuel Policy. This range is from 2 1 60 MTU to 1 3 , 5 8 0  MTU . For 
purposes of evaluating the potential environm ental effects, the maximum quantity 
o f  spent fuel was considered and is discussed in more detail in Section IV. 

A.2 Reference Unit Costs 

The allocated costs for the several components of the spent fuel handling and 
disposal program have been developed in Section !I.B and the resultant distribution 
of the total charge for the reference case is summarized in Table ill.A.3 . 
Depending upon when paym ent is received, what the m aterial flows are over t ime,  
etc .  each of these fee components will vary and under certain circumstances the 
variation can be significant to the customer. These perturbations are reviewed in 
Sec tion ill.B.  

B .  Perturbations of  Base Case 

To evaluate the sensitivity of the reference fee to changes in assumptions 
several variant cases were analyzed and are discussed in this section: 

o Demand Variations 
o Facilities and Service Variations 
o Fee Structure Variations 
o Paym ent Alternatives 
o Facility Ownership 
o Escalation 
o Maj or Future Changes 

B . l  Demand Variations 

The extent of the effect of dem and variations on the fee level is reviewed in 
this section. The intention here is to provide a range of possible fees reflecting the 
uncertainty in the exact schedule of participation by dom estic and foreign 

*The lowest estimate for foreign fuel was chosen to give the highest unit cost . 
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TABLE I I L A . 3 

E l emen t s  o f  Fee - Reference Case - Dome s t i c  & Foreign Fue l ($/kgU) 

DI SPOSA L ONLY STORAGE ��D DI SPOSAL 

I SFS 89 

Tran sportat i on 24 

Encapsulat i on 3 3  2 3  

G e o l o g i c  Rep o s i t ory 5 0 35 

R&D and Gov ' t  Ove rhe ad 3 1  3 1  

Tot a l  1 1 4  2 0 2  
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customers in the U.S. Government's voluntary program for storage and disposal of  
spent fuel and in  the actual schedules and operating experience o f  plan ts coming on 
line through the year 2000.  There fore, a high and low range (rather than every 
possible variation) has been developed. 

c The low domestic demand case correspondj> to the low demand analyzed in 
the DOE preliminary charge estimate document . (Table III.B. 1 ) .  These figures 
assume some degree of  compacted at-reactor storage and consider domestic 
facilities only. The fee corresponding to this low demand case is $234/kgU for 
disposal only and $449/kgU for storage and disposal. The significantly higher cost 
reflects the fact that total facility costs must be recovered from a smaller base 
and there fore the unit cost increases. It is clear that this case would require a 
substantially smaller ISFS than the minimum 5000 MTU facility assumed in the 
cost ing analysis to date.  An optimization of this facility as well as the repository 

3 - f  could significant ly reduce these costs. As more de finitive requirements est imates 
are developed optimization of facility sizes and timing would be performed in 
establishing the final fee. 

The high domestic demand case (Table ill.B.2)  is based on the fuel flows 
c developed in Volume 2 as well as a high estimate for foreign part icipation of  

1 3 , 580  MTU from Volume 3 .  The geologic repository i s  assumed to  begin operation 
in 1 985  (for consistency with the reference cases of Volumes 2&3 ) .  This enables 
illustrative comparison of  demand effects on the fee and the effects of a di fferent 
repository startup date are included in Section III.B. 2.2. Environmental effects are 
discussed in Section IV. 

6f 

E I 
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As would be expected from the preceding discussion, the higher flows result 
in better utilization of faci lities and consequently a lower unit cost . Again the fee 
for storage and disposal is more significant ly affected ($ 1 27/kgU) than is the 
disposal only charge ($8 3/kgU) since the demand difference is greatest for the 
ISFS. 

B.2 Facilities and Service Variations 

B . 2. 1 Single Geologic Repository 

In developing the reference fee structure it was conservatively assumed that 
an initial repository of 45 , 000 MTU capacity would be operated fo llowed by a 
second repository of 1 00 ,000 MTU capacity as demand rose. The capacity 
di fference resulted from assumptions regarding desired long-term retrievability 
and thermal loading limits and related emplacement and operating procedures. 
However, it could be assumed that the initial fuel emplaced will be loaded in a non
retr ievable manner , thereby allowing use of a single 1 00,000 MTU geologic 
repository for the first installation, and resulting in a slight ly lower charge than 
the re ference case ( $ 1 05/kgU for disposal only and $21 8/kgU for storage and 
disposal) . 

While it is generally agreed that initial operation of the repository will occur 
at a conservat ively low receiving rate unt il operabi lity is proven, the exact value is 
still so mewhat arbitrary and for this review the rates of 1 600 MTU/yr. for the first 
five years and 6000 MTU /year thereafter have been used for consistency w ith other 
studies cited in Section IT (p. IT-1 7 )  
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TAB LE I I  1 .  B .  1 

Sp ent Fue l  St orage/Disposal Requirement s  - Low Cas e 

ISFS GEOLOG IC REPOS ITORY 

Annual Annua l  
Year Shipment Inventory Shipment Invent ory 

19 8 3  9 78 9 78 

19 8 4  4 2 9  14 0 7  

1 9 85 ( 1 2 9 4 )  1 1 3 1 8 0 0  1 8 0 0  

19 8 6  ( 1 1 3) 7 1 8  2 5 1 8  

1 9 8 7  6 5 5  3 1 7 3  

1 9 8 8  6 9 8  3 8 7 1  

1 9 89 75 2 46 2 3  

1 9 9 0  8 5 0  5 4 7 3  

19 9 1  9 9 5  6 4 6 8 

199 2 1 0 1 1  74 79 

199 3 1 1 1 1  8590 

1994 1 199 9 789 

1 19 5  1 320 1 1 , 1 0 9  

1 1 9 6  1 4 2 7  1 2 , 5 36 

199 7 1 5 7 1  14 , 1 0 7  

1 9 9 8  1 7 14 15 , 8 2 1  

1999 2604 1 8 , 4 2 5  

2 0 0 0  29 0 2  2 1 , 3 26 

*Numbers in parenthe s e s  represen t  shipment s  out o f  the ISFS faci l it y . 

S ourc e : DOE /ET- 0 0 5 5  "Pre liminary E s t imat e s  o f  the Charge for Spent - Fue l 
St orage and D i sp os a l  Service s " ,  U . S .  Dep artment o f  Energy , Ju l y  1 9 7 8 . 
Tab l e  1 .  
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TABLE I I I . B .  2 

Spent Fuel Sto rage/ D i spo s a l Requi rement s  

High Case - �ITTJ S�en t Flle l l  

I SF S  Fac i l ity G eo l og i c  Repos i t ory 
Annual Shipments I nvent ory Annual Shipments I nventory 

Year Domes t i c  Forei gn Dome s t i c  Foreign 
( a )  (b ) ( c )  ( a )  (b ) ( c )  

1 9 7 8  

1 9 7 9  

1 9 8 0  

1 9 8 1  

1 9 8 2  

1 9 8 3  9 7 0  5 4 1  1 5 l l  

1 9 8 4  1 5 8 0  4 1 7  3 5 0 8  

1 9 8 5  1 6 0 2  4 4 3  5 5 5 3  1 0 0  1 0 0 

1 9 8 6  4 6 8  6 20 664 1 1 60 0  1 7 0 0  

1 9 8 7  7 36 5 4 0  7 9 1 7  1 6 00 3 300 

1 9 8 8  79 1 7  3 1 5 5  440  6 8 9 5  

1 9 8 9  79 1 7  3 3 6 8  4 8 0  1 0 7 4 3  

1 9 9 0  79 1 7  3 7 6 0  5 3 0  1 50 3 3  

1 9 9 1  ( 5 3 0 )  ( l 8 1 )  7 2 0 6  4 6 9 8  7 8 1  20 5 1 2  

1 9 9 2  ( 1 4 1 0 )  ( 39 0 )  5 4 0 6  5 8 6 3  1 0 5 0  2 7 4 2 5  

1 9 9 3  ( 1 30 0 )  ( 7 0 0 )  3406  6 0 7 6  1 4 5 0  3 4 9 5 1  

1 9 94  ( l 30 0 )  ( 70 0 )  1 4 0 6 6 3 2 6  1 5 30 4 2 8 0 7  

1 9 9 5  ( 8 1 6  ) ( 59 0 )  6 2 9 7  1 4 9 0  5 0 5 9 4  

1 9 9 6  5 4 7 8  9 70 5 70 4 2  

1 9 9 7  5 5 0 5  1 0 8 0  6 3 6 2 7  

1 9 9 8  5 9 6 5  l l 7 0  7 0 7 6 2  

1 9 9 9  6 0 1 8  1 26 0  7 8 040  

2000  6406  l 35 0  8 5 7 9 6  

* Nwnb ers in �arenthe s es repres ent shipment s out o f  the I S FS faci l it y . 

Source : Dome s t i c  F lows - Tab l e  I I I - 2 ,  V o lume 2 .  
Forei gn F l ows - Tab l e  I I - I , Volwne 3 and private c ommuni cat i on . 
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B.2.2 Delay of Geologic Repository 

The effec t of  delay in the geologic repository for five years is primarily to 
require addi tional ISFS capacity prior to that time. * In terms of the fee, the 
disposal only cost ($1 1 0/kgU) decreases slightly from the reference case since two 
repositories are assum ed to start operating within two years of  each other and 
would receive fuel at about the maximum possible rate.  This enables all the fuel 
stored at the ISFS basins to be transferred prior to the year 2000.  This efficient 
use of facilities results in the slightly lower fee. 

The storage and disposal fee ($1 6 5/kgU) also decreases due to the m ore 
efficient util ization of the ISFS capacity built.  

B.3 Fee Structure Variations 

As was described in Section II. C . 3 ,  a fee may either be developed on the basis 
of recovery of total system costs from all users (" levelized" methodology) or  
recovery of the cost of individual services such as ISFS and shipping or disposal 
only from those who use them.  In each case , however, total costs are recovered. 

The use-based methodology used as the reference case results in fees which 
bracket the " levelized" value. This " levelized" value is $ 1 25/kgU for the reference 
flows described in Section ill.A. l and the corresponding use-based values are 
$1 14/kgU and $202/kgU for disposal only and storage and disposal respectively. 

Using a levelized methodology has the advantage of charging all custom ers 
the same  fee but will result in the custom ers who deliver fuel at an early date and 
require ISFS storage and shipping to the reposi tory paying som ewhat less than full 
cost for those services. The difference will be m ade up by customers dE:· ' i vering 
fuel directly to the reposi tory at a later date but paying a fee that includes <in ISFS 
and shipping component . since both early and late custom ers are likely to be the 
same group of utilities, there is not necessarily a m aj or inequity in this system. 

B .4 Paym ent Alternatives 

BA. l  U.S .  Government View of Payment Schedules 

As reviewed in Section II. C.3 the payment at different points in time can 
result in significant differences in the U.S .  Government's investment requirements 
(See Figure II-2) . Illustrating the effects on fee level, assuming three possible 
payment tim es for full cost recovery of storage and disposal, utilizing an assumed 
6 . 5% cost of Governm ent money (a value representative of a longer term average) , 
results in the following charges. 

* This five-year delay was assumed to be consistent with the DOE Charge 
Document and to i llustrate that delay costs can be appropriately factored into the 
charge. Should additional delay occur, the charge will reflect the extended storage 
operation incurred. 
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108  $/kg - Paym ent 1 0  years before transfer 
147 $/kg - Paym ent 5 years before transfer 
202 $/kg - Paym ent at transfer (5 years after Reactor Discharge) 

All of these cases represent the same basic direct cost data, the difference in 
fee only reflecting the time value of money. 

B .4.2 Utili ty View of Paym ent Schedule 

The utility view of the fee for different payment t imes is different from that 
of the U .S. Government because of their different annual fixed charge rate, 1 6-
1 8% per year as compared to 6 . 5% per year. Using the sam e illustrative case as 
above the storage and disposal charge is $202/kgU when paid on delivery and this 
can be equated to a direct allocated cost of 0 .8 1 mills/kWh. (electrical conversion 
efficiency of 34% and an average burnup of 3 1 ,000 MWD metric ton of uranium) . 
Assuming an annual fixed charge rate applicable to  the nuclear fuel investment of 
1 6%/yr Table ill.B.3 summ arizes the fee data for other payment t imes. Both the 
direct cost and the total fuel cycle allocation which considers both the direct 
charges and the carrying charges associated with that cost , are included. 

B.4.3 Charge Adjustment Procedures 

The reference fee case has been developed on the assumption of perfect fore
knowledge of system component costs and flows which enables the developm ent of  
total costs and fees which are unchanging with t ime .  As  it  i s  clear that costs as 
they actually develop, will be different from those projected, adjustments in the 
fee will be necessary to appropriately reflect the changing conditions. 

A "rolling average" cost over the past and projective years can be developed 
into which trends (including escalation trends) and changes can be factored 
gradually so that " step" changes in fee are minimized. In this " average" past 
unpredicted expenditures can be included in the ever expanding fuel service base of 
the current and future years. 

An alternative to a forward rolling average would be a "back charge" .  For 
this alternative, corrections to fees already charged as a result of increased costs, 
escalation, incorrect flows etc. would be billed (or credited) as an additional fee to 
the utilities. As far as the Governm ent is concerned this would allocate " full cost 
recovery" to  the actual fuel in quest ion. Provision can be made to apply 
corrections to the charge at various time - sup to and including the time at which 
ultim ate disposal occurs - to enable the Government to recover the actual cost 
incurred for each specific batch of spent fuel. The method retains financial 
responsibility with the utility generating the fuel for the longest time possible and 
avoids any inequity between early and late customers. Such a procedure, which is 
clearly feasible from a Government view, results in some problems for utilities. 

It seems apparent that a "back charge " adjustment would be m ade after the 
fuel has been discharged from the reactor and hence would not necessarily be paid 
for by the utility customers who actually received the power generated. This is 
counter to the general principles of utility rate m aking and hence could present 
difficulties to both the utility and the public service com missions. If the change 
were not large, implementation could probably be managed. If it became 
substantive, resolution of the conflicting regulatory principles could be difficult. 
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TABLE I I I . B .  3 

E ffect o f  P ayment Time on Fue l Cyc l e  Cost 

BAS I S : St orage and D i sposal  

F e e  $ /kgH.' l 

Leve l i zed Cost on D e l ivery 2 0 2  $ / kgU 
Ut i l i ty Annual F i xed Charge Rat e - 1 6% 
Reac tor Operating P eri od 3 . 5  yrs . 
Thermal Effi c i ency 34% 
Fue l  Burnup 3 1 , 0 0 0  MWDt /MTU 
D i rect Charge Co l l ected During Operat ion 

Fee Payment T ime to Government 

1 0  ye ars prior 
t o  t rans fe r 

1 0 8  

5 years pri or 
to trans fer 

1 4 7  

Fue l C y c l e  Cost 

Direct � l/kwh 

I ndirect 

0 . 4 2  

+ 0 . 24 

0 . 59 

- 0 . 0 9 

TOTAL 'l/k wh + 0 . 66 + 0 . 5 0 

I I I - l l  

At trans fer 
( re f .  c as e )  

2 0 2  

0 . 8 1 

- 0 . 4 5 

+ 0 . 36 
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B . 5  Facility Ownership 

The re ference fee assumes that required ISFS capacity and transportation 
services to the repository will be provided by the U .S. Government. The possibility 
exists, however, that this service could be provided by a private enterprise and a 
di fferent set of costs would evolve reflecting the change in cost of money (e.g. 
1 2% rather than 6 . 5%) . The effect of such a change would be in the storage and 
disposal cost and not the disposal only charge. Based on the domestic fuel flows 
only, such a variation would result in a fee of $27 1/kgU for storage and disposal 
rather than the basic $227/kgU. 

The charge methodology, as developed, includes sufficient flexibility to allow 
computation of the fee based upon costs of  purchasing existing ISFS capacity as 
well as construction of new capacity and this would be done if such a choice were 
made. It is not expected that the costs of purchasing existing ISFS capacity would 
differ, sufficiently from those used in developing the reference fee to result in fees 
outside the range already analyzed. 

B .6  Escalation 

The currently proposed m ethodology for computing the fee provides the 
possibility of adjusting any prepaid portion of the fee to reflect inflationary 
changes between the time of3an earlier payment and the time of transfer of the 
fuel to the U.S. Governm ent . There is no provision, however, for incorporating 
inflationary effects subsequent to the time of transfer. Because of the long time 
periods possible between transfer of fuel - and payment - and incurrence of final 
costs of disposal and decommissioning of the repository (a period of up to about 
twenty years in extreme cases) there is the risk that actual costs will differ 
substantially from the estim ates used to compute the fee, since future inflationary 
(and/or deflationary) trends in the economy may cause expenditures to vary from 
the level projected at the time of payment. This situation may be reconciled in 
any of several ways; e.g.,  by considering possible inflationary effects to the time o f  
service (projective or per fect foresight method) i n  computing the fee, by including 
in the contingency allowance some provision to soften the impact of inflationary 
effects or by shifting the costs (rolling average) to later customers (this introduces 
some advantage for users of storage and disposal services compared to disposal 
only customers, but since it is likely that the same people will be in both groups 
this does not appear to be a maj or inequity) . 

The difficulty in adopting the first solution (essentially considering escalation 
to the time of service) is that no model is ever likely to predict the dynamics of  
the economy precisely and therefore it  will introduce inaccuracies and the 
potential need for later adjustments which are inconsistent with the total concept 
of  a "one-tim e-charge" used as the current reference. In addition, such a pricing 
mechanism would yield a levelized price which was inequitable to the early users of  
both the disposal only and storage and disposal services since their payments -
which would be equal to those paid by later users - would be made in currency of  
higher purchasing power. 

I I I - 12  



13-p 

There has been precedent in the enrichment pricing mechanism for utilizing a 
contingency " fee" to offset inflation. The comparison of related impact is not 
exact ,  however , because a much higher proportion of  the costs reflected in the 
payment made for separative work received in a given year stem from expenditures 
made either prior to or in the year in which payment is made. 

The purpose of this environmental impact statement is to evaluate the 
environmental effects of alternative methodologies that could be used in 
establishment of the fee. Escalation considerations will have to be included 
regardless of what methodology is adopted and the specific approach will be 
defined when definite contract provisions are developed. 

B.7 Major Future Changes 

In evolving a "one-time-charge"  for interim storage and ultimate disposal a 
specific growth scenario and a requirements analysis for these services were 
evolved. Based on this nominal scenario and the use of cost data reviewed earlier 
in Section IT the price for services to be supplied has been developed. This price of  
course i s  subj ect to  a full range of engineering and technological uncertainties as 
well as to licensing questions, variation in materials flow,  timing changes, etc.  
These var iations result in normal error bands which are not uncharacteristic of  
engineering procedure and the effects of these error bands can be  covered by 
determining the high and low values and thereby setting a nominal " contingency" 
kind of value which would encompass such uncertainties. 

B .7 . 1  Major Cont ingency Considerations 

In the past there have been major changes in the back end of the nuclear fuel 
cycle which have resulted in initial cost estimates or embedded funds set aside for 
such waste treatment or handling to be not sufficiently conservative. 

One circumstance illustrative of the unknown characteristics of  the back end 
o f  the nuclear fuel cycle was the technical decision b.r General Electric not to 
attempt operation of their Midwest Fuel Recovery Plant. 

Therefore, it is useful to look at the costs as they are being developed and 
proj ected for the interim storage and disposal and determine what costs might 
develop for the back end operations in the event of  some  low probability 
circumstances. The technique to evaluate these effects is to hypothesize different 
events or scenarios and then redo the cash flow and cash revenue situation to 
develop a new charge. There are several apparent alternatives dealing with 
different growth, schedules and unit costs which could be considered norm al 
projective variations. A review of these conditions in the previous perturbations 
demonstrated that these differences are not likely to affect the overall economics 
of nuclear power substantially. 

Of  more concern would be a low probability event such as a major change in 
disposal operation or facilities at about the time when a significant fraction of the 
monies had already been invested in a reference design case. Although there can 
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be any number of hypothetical "accident" scenarios, the following was assumed as 
representative of a serious back end problem in order to evaluate the cost effects. 
About the tim e the disposal facility is to start operation,  it is assum ed that that 
facility is not satisfactory. This hypothesis then creates a storage problem so that 
additional ISFS capacity would be required to handle the fuel that would otherwise 
be going to the repository. It is further assum ed that a new repository is built 
which satisfies the problem identified on the first.  A hypothetical back end system 
is assum ed: including the additional ISFS and both the useable and unuseable 
repository. Revised pricing of the fee is developed assuming that all fuel received 
after the decision point not to use the first facility must pay for all costs incurred. 
The following table sum marizes these costs as compared to the nominal reference 
$ 1 14/kgU while the storage and disposal costs actually decline from the referenc e 
$202/kgU due to opportunities to optimize the construction and operation of the 
ISF S basins. 

"CONTINGENCY" CASE ($/kg) 

ISFS 
Transporation 

Disposal Only 

Encapsulation 27 
Failed Repository 44 
Geologic Repository 34 
R&D and Governm ent Overhead 3 2  
Total 1 37  

Storage and Disposal 

44 
20 
22 
3 5  
27 
32  
1 80  

One other point that i s  useful to  consider and separates this back end 
invest ment situation from those others which result in very high monetary losses is 
that a product "high level waste" is continually building in inventory and that 
inventory will have to be disposed of. Even a moratorium on operation of exist ing 
nuclear power plants som etime in the future would still require a very substantial 
repository capability to deal with the inventory currently in place and being 
expanded. 

B.7 .2 Return of Fuel/Credit 

The fee structure discussed in this Volum e has been predicated on the 
assumption that spent reactor fuel represents a waste material, the management 
and ultim ate disposal of which is the responsibili ty of the Federal Government.  

Conceptually, the spent fuel discharged from individual power reactors is 
required to be cooled for a minimum of five years before the U . S. Government will 
accept it for waste managem ent purposes; presum ably, this five years of cooling 
will be accomplished in spent fuel storage facilities on the reactor site .  At the 
option of the utility and upon prior notice to the U . S. Governm ent ,  utilities could 
then ship the spent fuel,  at the utilities' expense for such shipment, to the 
Governm ent. Such shipment could either be to an ISFS for interim storage and 
eventual transfer to a repository or directly to the geologic repository for 
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permanent disposal . 

While structuring of the fee does not contemplate any fuel cycle mode of 
operation other than once-through, this structure does not prevent a change in 
policy at some tim e in the future. The Depart ment of Energy has indicated this 
possibility in their policy statement . 

"If , at some time in the future, the U.S .  should decide that comm ercial 
reprocessing or other energy recovery methods for spent fuel can be 
accomplished economically and without serious proliferation risks , the spent 
fuel could either be returned with an appropriate storage charge refund, or 
compensation could be provided for the net fuel value." 

It should be noted that the policy statement on receipt of fuel by the Federal 
Government for interim storage and subsequent disposal does not commit  return of 
such fuel if reprocessing and recycle came into being, nor conversely does the 
policy prohibit such return of fuel provided the technology,  environment al effects 
and costs developed are found to be desirable and have a posit ive cost/benefit 
effect. The return of fuel for recycle and reprocessing involves a whole different 
series of environmental effects which would be addressed in a separate NEPA 
review if such a change in U .S. Government policy were to occur. 

In regard to the fees collected by the U.S .  Governm ent it is clear that they 
will have been est ablished to adequately provide monies for the cont inued "storage 
of fuel " .  At any point in t ime,  when an alternat ive cycle could be considered, the 
costs that are involved for such an alternative cycle,  including for example the 
recovery of fuel already sent to disposal, can be incrementally analyzed. These 
costs can be compared to the funds that are available for future storage as well as 
the current revenues being received to determine whether there would be a credit 
or a cost for such return of fuel. In other words, at any point in time, even 
assuming a change in policy, the continued costs to the U.S .  Governm ent can be 
based on a " full cost recovery" principle .  The cost associated with such return of 
fuel may be considered, and each utility can decide, based on the costs and benefits 
of such a return , whether or not to elect for return. 

It appears that the fee structure contemplated is capable of dealing not only 
with the perturbat ions of the st orage/disposal scenario but has sufficient flexibility 
to deal with even such a substant ive change in policy as a reprocessing/recycle 
mode. This does not appear to compromise the " full cost recovery" principle. 

c. UTILITY VIEW OF FEE 

The utility has several views or uses which will be made of a spent fuel 
storage and disposal fee. First ,  as discussed earlier in Section II, the level of the 
fee per se could have an influence on a nuclear decision versus an alternative form 
of generation of power but with the fee at the full cost recovery level this is a 
fairly negligible consideration. Second, with the utili zation of  a use-based fee 
(that is, storage and disposal and disposal only) as the two charges the utility has 
the capability of optimizing the storage function with an overall cost benefit as 
well as an environmental effects benefit (See Section IV. A.2) . 

The last concern is that of the recovery of the charge from the consumers of 
electricity and the procedures for accomplishing this are somewhat different 
depending on the time of payment of the fee and, further, the calculated 
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net fuel cycle cost is also different dependent upon this payment time. By way of 
illustration, in the base case the storage and disposal charge is $202/kgU and this 
can be equated to a directly allocated cost of 0 .8 1 mills/kWh (electrical conversion 
efficiency of 34% and an average burnup of 3 1 ,000 MWD/metric ton of uranium) . 
Assuming an annual fixed charge rate applicable to the nuclear fuel investment of  
1 6%/yr, Table ill B.3  relates the base which i s  paid at  the t ime of transfer to  the 
U .S. Government to other payment times both in terms of direct cost and the fuel 
cycle cost which considers both the direct charges and the carrying charges 
associated with the cost and its payment time .  

The utility would view any of  the three alternat ives above as  a "one-time
charge" and could account for it appropriately in their normal fuel accrual and fuel 
expense recovery procedures. In this case there is perfect foresight regarding the 
payments and hence there is no need for any corrective action in any of the values. 
In an escalation situation the fee paid in $/kgU would vary substantially over a 1 0  
year tim e frame used in the above table .  The ear lier the payment to the U .S. 
Government the more difficulty the Government will have in recovering those later 
costs which are actual costs which are more escalated. Further, development of 
the cost (even without escalation) on a very early payment structure would not 
have the bene fi t  of the history of actual facility construction and related costs as 
input to the computation and hence would be subject to  substantially greater errors 
than say a payment at the time of transfer. For payments at the time of transfer 
the utility could in fact make projection analyses of escalation or trends of the 
charge so that they could appropriately collect  revenues during the power 
generation period to reasonably approximate the final charge. There is, in fact ,  
provision in  the normal FERC accounting procedures used when recycle fuel was 
the standard mode o f  operation in which an adjustment either plus or minus in the 
value of  residual fuel could be made when that value was known -as long as this 
charge resulted in a relat ively modest variation from that which was projected and 
presented no real fuel cycle costing problem.  

On  the other hand, in an escalating economy i f  the fee were paid 8 years 
prior to the transfer of fuel (say 1 97 8  payment for 1 98 6  transfer) $202/kgU paid in 
1 97 8  would have risen to $299/kgU in 1 986 .  This comparison showing the potential 
impact of escalation is intended to be illustrat ive only. The mechanism for 
factoring in inflation effects to the fee has not yet been finalized and assumptions 
have been m ade in this example regarding both the payment mechanism and the 
escalation rates. The $299/kgU figure assumes an increase in the Gross National 
Product Implicit Price Deflator (GNP Deflator) of 7%/year in 1 978  and 1 97 9 ,  
6%/year i n  1 980 ,  5%/year in 1 98 1  and 4%/year from 1 98 2  on. 

D. SU MMARY 

Table m.D . 1  summarizes the reference fees and perturbations discussed in 
this Section. As has been noted in the discussion in Sections m. A and m.B ,  the 
larger the spent fuel flows, the lower the fee per unit of fuel  handled (although the 
timing of fuel transfers will alter the proportionality between the two) . 

Final facili ty design and installation will attempt to optimize capacities 
relat ive to the fuel flows to be handled. The low demand case, as here co mputed, 
evolves an unrealistically high value because the available cost ing data reflects 
significant excess ISFS capacity and would be substantially affected by 
optimiz ation. Differences in financing methods for ISFS facilit ies would likely lie 
between the values developed in the reference fee and private ISFS cases and do 
not result in significantly different fees. 

I I I - 1 6 
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:ompari son o f  Reference Fee an d Pert u rha t i on s  

l I i gh/Low 
Fue l F l ow s  Re ference D emanu 

Dome s t i c /  
Co s t  Component wi th Fore i gn 

I SFS 
Di. spo s a l  On ly 
Storag e and D i spo s a l  1 04 / 8 9  5 0 / 2 0 1  

TransEortation 
Di spo s a l  Only 
Storage and Di spo s a l  26/ 24 2 0 / 3 0  

Enca?sul at i on 
D i spos a l  Only 34 / 3 3  3 0/ 5 8  
Storage and Di spo s a l  2 6 / 2 3  1 8/ 5 2  

Geo l o g i c  Reryo s i tory 
D i spo s a l  Only 5 1 / 5 0 3 4 / 9 9  
Storage and D i spo s a l  39/ 3 5  2 0 / 8 8  
Fai l ed Repo s i t ory 
("Conti ngency" Case Only)  
Di spo s a l  On l y  

R&D and Gov ' t . Overhead 
D i spo s a l  On l y  3 2 / 3 1  1 9 / 7 8  
S torage and Di spo s a l  3 2 / 3 1  1 9 / 7 8  

Tot a l  
D i spo sal On l y  1 1 7/ 1 1 4  8 3 / 2 35 
Storage and D i spo s a l  2 2 7/ 20 2  1 2 7/ 4 4 9  

C $ / kgf l) 

One Repo s i t o ry 
Repos i tory* De l ayed 5 yrs . *  Lev e l i zed* Pri vate I S FS* "Cont i ngency"* 

1 1  1 04 6 3  1 4 8 44 

3 
26  18  26  20 

34 34 32  34  2 7  
2 6  1 9  26  2 2  

39 60 
48 

5 1  34 
30 3 3  39 2 7  

44 
35 

32 66 31 
32 32 

32  66  32  32  

1 0 5  1 0 6  1 2 5 
1 1 7  1 3 7 

2 1 8  1 9 9  2 7 1  1 80 

* Based on Reference Fue l Flows inc luding foreign fue l ,  
$ 202/kgU for storage and di spos a l . 

The comparison i s  to $1 14/kgU for disposal on ly and 



Major alterations in program schedule - on either a planned delay or 
"contingency" basis - have been evaluated and do not result in significant  
differences in  the fee from that of  the reference case. 

In summ ary, evaluation of a range of possible differences in the developm ent 
of  the spent fuel storage and disposal program indicates that the resulting fee is 
likely to lie within a range of about 2:.3 5% of the reference fee value. In terms of  
the related power costs this range i s  from 0 . 2 3  to  0 .48 rnills/kwhr for paym ent at 
time of transfer of fuel to the Governm ent (5 years after discharge from the 
facility) . 

I I I - 1 8 
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1 .  Preliminary Est imates of the Charge for Spent Fuel Storage and Disposal 
Services, U . S. Departm ent o f  Energy Report , DOEjET-00 5 5 ,  Washington, DC ,  
(July 1 978 ) .  

2. Ibid. 

3 .  Op Cit  ( 1 ) ,  pp. 20-23 . 

4. In a July 1 974 letter to  AEC , GE's Nuclear Division Counsel , Robert 
Lowenstein, stated that a conclusion had been reached that the existing plan t  
would not work for technical reasons. The company estimated that an 
additional 4 years and 90  to 1 3 0  million dollars would have to be spent 
redesigning and rebuilding the facility which already had cost 64 million 
dollars. (Nuclear Industry, Vol. 2 1 ,  No. 7 ,  July 1 974,  p. 8) . 
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IV. ENVIRONMENTAL EFFECTS 

The environmental e ffects due to management of spent fuel in accordance 
w ith the Spent Fuel Policy announced by the Department of  Energy in October 
1 97 7  have been analyzed and discussed in Volumes 2 and 3 of this EIS. This Volume 
of  the EIS analyzes the relationship between the fee levied by the U.S .  
Government for spent fuel storage and disposal services (considering level, 
structure and payment al ternatives) and the environmental e ffects of the program. 

Different fuel flows were used in establishing the illustrative fees in Section 
ill and evaluating the environmental e ffects in this section to provide a 
conservative assessment in each case. A lower estimate of  fuel flows was used to 
establish fee parameters to give the maximum economic effect. A higher estimate 
o f  fuel flows was used to determine the environmental effects. 

As d iscussed in Section I (p.I-2) DOE proposes the Spent Fuel Policy be 
implemented and that a fee be levied to recover all costs to the Government of 
providing the storage and/or disposal services required to implement this Policy. 
The environmental e ffects of this proposed fee and alternatives are discussed in 
this section. The fee structures which were analyzed include non-implementation 
of  the spent fuel policy, a I!levelized l! fee with a single charge levied regardless o f  
services rendered, the reference fee which is based on a use-base charge that 
relates the fee to the services required (interim storage followed by disposal or 
disposal only) , a fee similar to the reference fee but modified to provide payment 
to the Government at other than the time of  fuel transfer, a fee developed on a 
basis other than full-cost-recovery, a fee involving non-one-time payment, and the 
e ffects on the fee of various options for financing interim storage, and an 
al ternat ive fee structure for fore ign fuel. 

The analysis includes a comparison of the relative environmental costs of  
these alternatives and a discussion of  the bene fits resulting from assessment of a 
fee on the different bases considered. Because of  the important qualitative 
considerat ions involved, for example, in the area of nonproliferation bene fits, this 
analysis has not been reduced to a strictly monetary cost/benefi t  comparison. 

A. Alternat ive Pricing Methodologies 

A range of environ mental impacts based on different fuel flows likely to 
result from al ternat ive fee structures has been evaluated and is described in this 
section. The cases analyz ed are : 

o Non-Implementation of  Spent Fuel Policy {Case A)-Compatible with 
Alternat ive 2B of  Volume  2 for domest ic fuel and Case A of  Volume 3 
for fore ign fuel. 

o Use-Based Methodology {Case B)-Reference Fee Case-Compatible 
with Alternat ive 1B2  for domestic fuel and Case D for foreign fuel. 

o I!Leveli zed"  Fee Methodology {Case C)-Compatible with Alternative 
1 B-1  for domestic fuel and Case D for foreign fuel. 

The probable effects on these cases of  different fee payment times, other 
than full-cost recovery basis and non-one-time payment ,  ISFS financing 
alternatives, and an alternative fee for foreign fuel are subsequently discussed. 
Al though not strict ly a fee-related issue, the case of non-implementation of the 

IV- l 
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spent fuel policy is included for completeness. The at-reactor basin (ARB) storage 
(Alternat ive 2B of Volum e 2) was chosen to characterize this alternative to  
highlight the result that environmental impacts due to increasing onsite storage 
capacity are highest when additional storage capacity is constructed and lowest 
when maximum use is made of exist ing reactor discharge basin capacity. Effects 
due to storage at a single ISFS (Case C) are bracketed by these alternat ives. 

The environmental effects associated with domestic fuel result solely from 
interim storage act ivities on the prem ise that disposal i mpact will be incurred 
whether or not the Spent Fuel Storage policy is implemented. Use of Case D to 
characterize the i mpact of  acceptance of foreign fuel assumes that this fuel will 
be disposed of in the U .S. Environmental e ffects attributed to foreign fuel 
therefore, re flect both interim storage and disposal in a geologic repository. 

A . l  Non-Implementation of Spent Fuel Policy (Case A) 

Under this alternat ive no U.S .  Government storage services are provided. In 
the absence of such services, the remaining options available to the utili t ies are :  
1 )  densification of  existing reactor pools; 2 )  expansion of  reactor pools current ly 
under construction or planned; 3 )  construction of new at-reactor basins; or 4)  
transportation to private ISF S faci lities. 

For comparison purposes the at-reactor basin (ARB) storage option was 
chosen as the non implementation case. It is assumed that no foreign fuel is 
shipped to the U.S .  The material flows which are expected under this scenario are 
as shown on Table IV-l and Table IV-2. (The flows analyzed in this section are 
taken from Volumes 2 and 3 of  this EIS. They differ from the reference case 
evaluated in Section ill but Case C-Centralized Storage-is the same as the High 
Flow Perturbation of that section. 

The environmental impacts of non-implementation of the Spent Fuel Policy 
assuming use of the ARB storage option have been analyzed as Alternative 2B in 
Volume 2 and Case A in Volume 3 and are shown in Table IV-3 and Table IV-4. 

A.2 Use-Based Methodology (Case B) 

This fee structure is based on charging each customer for the services it  uses. 
There are separate charges for storage and disposal customers and for disposal only 
customers. This fee structure which is based on a one-time charge and full cost 
recovery (as are all alternat ives unless otherw ise specified) is considered the 
re ference fee for purposes o f  analysis. 

It is important to note that the analysis of the impacts of the options 
available to domest ic uti lities with this pricing structure does not include disposal. 
This is because all domestic spent fuel, unless it is reprocessed, will ultimately 
require disposal at a U .S. Government facility. There fore, no disposal impacts are 
calculated resulting from domestic participation in the program. For foreign fuel, 
however, Case D of Volume 3 has been used. This provides for iterim storage and 
geologic disposal of fore ign fuel in the U.S .  

IV-2 
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TABLE IV- 1 

Spent Fuel }1ovement - Decentral i z ed Storage in At - Reactor 3a s ins  - Po l i cy not Imp l emented 

(No I S FS ' s ,  No Shipments  of Foreign Fue l )  1 9 85  St artup of Dispos i t ion Fac i l i t y  

1 9 78  
1 9 7 9  
1 98 0  
1 98 1  
1 98 2  
1 98 3  
1 984 
1 98 5  
1 98 6  
1 9 8 7  
1 988 
1 98 9  
1 990 
1 99 1  
1 99 2  
1 99 3  
1 994 
1 995  
1 9 96 
1 9 97  
1 998 
1 99 9  
2000  

At  Reactor Basin 
Fue l Shipmen t s , �fI'U 

Reactor 
t o  .'\�B 

1 1 60 
1 5 1 8  
1 5 7 1  

4 6 9  
7 1 5  

A�B to D i spo s i t i on 
Fac i l it y  

1 4 08 
1 2 92  

9 6 2  
7 5 1  
6 7 2  
348 

Source : Tah 1 e  1 1 1 - 1 4 , Vo l ume 2 .  

Case A 

I nventory , r-rru 

0 '  
0 
0 
:) 
0 

1 1 60 
2 6 7 8  
4 24 9  
4 7 1 8  
54 3 3  
54 3 3  
4 0 2 5  
2 7 3 3  
1 7 7 1  
1 0 20  

34 8 

Di sposit ion Fac i l ity 
Fuel  Shi pmen t s , �U 

Eeactnr t o  
I):i spo s i  ti.on 

Fac i l i  ty 

1 00 
1 600 
1 600 
3 1 55 
3368 
3 7 6 0  
4 2 68  
4 4 5 3  
4 7 7 6  
5 0 2 6  
54 8 1  
5 4 7 8  
5505  
5965  
6018  
64 06 

A.RB to 
Di spo s i t ion 

Fac i l i t y  

1 4 08 
1 2 9 2  

9 6 2  
7 5 1  
6 7 2  
34 8 

I nventory , 1\ITU 

0 
0 
0 
0 
0 
0 
0 
1 00 

1 7 00 
3300 
64 5 5  

1 1 2 3 1  
1 62 8 3  
2 1 5 1 3  
267 1 7  
3 2 1 65 
3 7 5 39 
4 3 0 2 0  
484 98 
54 003  
59968 
65986 
7 2 3 9 2  

Trans shipment 
Between l�eactor 
Basins , �,ITU 

1 09 
8 6  

1 2 9 
1 54 
1 7 2  
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T ,\BLE I V - 2  

Spent Fue l Movement - Decentra l i ze d  Storage i n  At - Re ac t or Basin s  - Po l i cy Not Imp lemented 
(No I SF S ' s ,  No Shipment s  o f  F or e i gn Fue l )  1995 S t artup of Di spos i t i on Faci l i ty 

C a .s e  A 

At Reactor Bas in Di spo s i t i on Faci l i ty 
Fue l Shipmen t s , MTU Inven tory , MTU Fue l Sh ipments , MTU Invent ory , MTU 

React or ARB to D i sp os i t i on 
React or t o  ARB to 

Ye ar t o  ARB F ac i l it y  Dispo s i t i on Di spos i t i on 
Fac i l i  ty Pad l i ty 

1 9 78 
1 9 79 
19 80 
1 9 8 1  
1 9 8 2  
1 9 8 3  1 , 16 0  1 , 160 
1 9 84 1 , 5 18 2 , 6 78 
1 9 85 1 , 6 7 1  4 , 344 
1 9 86 2 , 06 9  6 , 4 1 8  
19 8 7  2 , 3 15 8 , 7 3 3  
1 9 88 3 , 155 1 1 , 888 
19 89 3 , 368 1 5 , 256 
1990 3 , 760 19 , 0 16 
199 1 4 , 26 8  2 3 , 284 
199 2 4 , 45 3  2 7 , 7 3 7  
199 3 4 , 776 3 2 , 5 1 3  
1994 5 , 0 2 6  3 7 , 5 39 
199 5 5 , 38 1  4 2 , 9 20 ' 100 100 
1996 3 , 878 46 , 79 8  1 , 600 1 , 700 
199 7 3 , 9 0 5  5 0 , 70 3  1 , 600 3 , 300 
1 9 9 8  1 , 765 5 2 , 46 8  4 , 200 7 , 500 
1999 880 5 1 , 5 88 6 , 0 1 8  880 14 , 39 8 
2 000 1 , 000 50 , 5 88 6 , 406 1 , 000 2 1 , 804 

Source : Tab l e  1 1 1 - 1 5 ,  Volume 2 .  

" 

Trans shipment 
Between Reactor 
Bas ins , MTU 

109 
86 

129 
154 
172 



TABLE IV- 3 

Comparison of Maj or Env ironment al Impact s of the Fee to 
be Charged for Storage and Disposa l  of Spent Power 
Reactor Fuel wi th 1 9 8 5  Repos i tory 

EFFECTS 
Land Use , Acre s  

Surfac e  

'lat e r i a l  s 
3 Concrete , 3m 

Lumber , m 
Stee l a

� tonne 
Copp�r , tonne 
Z in ca ' tonne 
Lead , t onne . a D ep l et e d  Uranlum , 

tonne 
Chromiuma ( i n  
s t a i n l e s s  s t e e l ) ,  

t onne 
N i ck e l a ( i n  
s t ai n l e s s  s t ee l ) , 

t onne 

Energy 
3 Propane , m 3 

CASE A 
U . S . ( l )  Foreign ( 2 )  

° 

S 3 . 0x l 0 4 1 . 8x l O S 1 . Sx l 0 2 4 . 3x l 0 2 7 . 2x l 0 3 8 . 8x l O  

4 . 9x l 0 2 

3 . 7x l 0 3 

1 . 6x l 0 3 

3 7 . 7x l O S 

° 

° 
° 
° 
o 
° 
° 

° 

° 

° 

CASE B 
U . S .  en Fore ign (2) 

1 0 0 0  

3 6 . 7x l 0 2 3 . 9x l O  
6 . 1 x l Ob 
9 . S x l O l 1 . 6x l 0 3 8 . 8x l O  

4 . 9x l 0 2 

6 . 0x l 0 2 

2 . 6x l 02 

2 1 . 7x l OS 

2 7  

<1 L 8x l 0 2 7 . 7x l O� 2 .5 xl ° 
3 . 2x l O  
2 . 4 x l O  

° 

° 

� 

3 . 1 x l O �  

1 . 4 x l 0 2 

2 3 . 3x l O S 

Case C 
U . S .  (15 Forelgn W 

1 0 0 0  

4 2 . 3x l 0 3 1 .  3x l ° 4 2 . 1 x l O  
3 . 2x ) 0 
S . 4 x l 0 7  
8 . 6x l O-

4 . 9x l 0 2 

S . 8x l 02 

2 S . 9x l OS 

2 7  

4 1 . 8x l 0 2 7 . 7x l 0 4 2 .5 x l O  
3 . 2 x l O  
2 . 4 x l O  

° 

° 

� 

3 . 1 x l O �  

1 . 4x l 0 2 

2 3 . 3x l O S 

i I 

D i e s e l  F ue l ,  m 
G a s o l ine , m 3 -
E l e ctri c i  t y ,  �lW-yr 
Coal , tonne 
�.lanoower , man -h o ur 

3 . 1 x l O S 1 . 4 x l 0 2 1 . 8x l 06 1 . 2x l O  
1 . l x l 08 

° 
° 
° 
° 
° 
° 

1 .  7x l O .  
3 . 0 x l O� 
8 . 2 x l 0 4 S . 4 x l 0 7 3 . 9 x l O  

2 . 7x l 03 4 . 6x l O  
8 . 9x l O S 3 . 4x l O .,  
1 . 1 x l O ·  

1 . 7X 1 04 1 . 0x l O  
6 . Sx l O S 4 . 0x l 0 7 4 . S x l O  

2 . 7x l 0 3 4 . 6 x l O  
8 . 9x l O S 3 . 4x l 0 7 1 . l x l O  

7-j 

c 

Rad i at i on Dose Com
mi tment , man - r em b 

Populat ion 
Work Force 

3 4 x l 0 3 6 x l O  
2 3x l 0 2 8 x l O 

2 8 . Sx l 0 2 7 . 1 x l O  
l x l O � 
l x l O .) 

8 . SX l O; 
7 . 1 x l O  

Hea l t h  E ff�cts 
c 

Popu lat i on 
Work Force 

2 
4 
6 

N , A . 
N . A .  
3 . 2  2 

N . A .  
N . A .  
1.0 2 

N . o\ .  
N . A .  

1 . 0  
Occuoat i on a l  Acc i 
dent� (nonr ad i o 
logi c a l  fata l i t i e s ) 2 3  ° 1 1 3 . 4 1 1  .3 . 4 

NOTES ; (1 ) 
-- (2) 

From Tab l e s  V-2 and V I I I - I , VQluae 2 
Fram Tab l e s  V I -l ,  V I - 2 ,  and V I I I - I ,  C as e  D ,  Volume .3 

a) 
b) 

. c) 

N . A .  - No t  avai lable 

A s ignificant fract i on of the s e  mat eri a l s  could be recovered during decomm i s s i oning of faci l i t i e s  and recyc l ed ,  if d es ired . 
Whole body dose during the operating period p lus the next 100 years . (F or compari son , t h e  equivalent dose to the world popu lat i on from natura l  radiation sources over the s am e  period is about 2x 1 0 " man -rem . This natural dose would result in 1 2 0  m i l l i on health effect s ) . Exposure is to the wor l dwide population for dome s t i c  fue l  and to the population in the U . S .  & G l obal Commons for foreign fue l .  �ms !en(rt1"t �d �t ic healtli. �'ec t s  were ca leulated :!.'rOll! Tadiation doses 
�ssaming a l inear dose�nealtn effect r elat i on . EPA dose -effect factors were used . IV-5 
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TABLE IV - 4  

Compar i s on of Ma j or Environmental Impacts of the Fee to 
be Charged for St or�ge and Disposa l 
Reactor Fue l  with 1 99 5  Repository 

of Spent P ower 

E F FECTS Case A 
U. S. (1 )  Foreign l�) 

Land Use " Acres 
Surface ° N . A .  

>-Ia t e r i  a l  s 
3 5 Concret e '

3
m 6 . 5 x l O

4 
° 

Lumb er , m 3 . 7x l J
5 

° 
S t e e l  tonne 3 . 4x l 0

2 
° 

Copryer It . t onne 8 . 9 x l 0
3 

° 
_ , '  . a .;. I n c a , tonne 1 .  5xl ° ° 
L e ad , t onne 1, . 2 X I Oi ° 
D ep l e t e d  Uran i uma , tonn e  6 . 5x l O  ° 
Chromiuma ( in st ain l e s s  

1 . 0x l 0
4 s t ee l ) , tonne ° 

1\ i c k e l  ( i n  s ta i n l e s s  
4 . 5 xl 0

3 st e e l ) , tonne ° 

Energy 
3 4 Propane , m 

3 
1 .  6 x l O

s 
° 

D i e s e l  Fue l , m 4 . 8 xl O
s 

° 
Gaso l in e ,  m 2 . 8 x l 0

3 
° 

E �. ec t r i c i  t y ,  ! f,\'-yr 1 . 4 x l 0
6 

° 
C o a l , tonne 7 . 6x l O

B 
° 

' Ianpowe r ,  man -hour 1 . 9x l O  ° 

Rad i a t i on D o s e  Commi tment ,man- rem 4 -pQjiu l at i onb 3x l 04 r-; .A .  
\\ork Force 3x l O  1\ .A. 

Health Effects 
(: 

1 3  N .A. POTlu lat i on 
1 9  N . A. Work Force 
32 N . A .  

O c cuEat i o n a l  Ac c i d ent s 
(\onrad i o l ogi c a l  Fat a l i t i e s ) 4 2  1\ . .'\ .  

Notes : ( 1 )  From T ab l e s  V - 2  and V I I I - I , Reference 1 .  

Case B 

�}) Foreign ( 2) 
4 0 0 0  2 7  

4 4 
7 . 1x l O 3 

3 . 6x l 0
3 

4 . 0x l 0
4 

1 . 6x l 0 4 
S . 8x l O  4 . 4x l O  
9 . 7 x l 0

2 
5 . 1 x l O  

1 . 6x l 0
3 

5 . 7x l O  
9 . 6x l 0 2 

° 
5 . 5 x l O  ° 

3 . 7x l 0
3 1 . 2 x l 0

3 

1 . 7x l 0
3 

5 . 2 x l 0
2 

3 
7 . QX ' O� 1 .  8-.;1°

5 
l . o.l G

4 
2 .4x104 

3 . 0x l O
2 

1 . I X I 0 2 
>. Ox l 0

6 
2 . S x l O

6 
3 . 0 x l 0

7 
1 .  3Xl 0

7 
7 . 6x 1 0  1 . Bx l O  

3 :- . O� H I� 9 x l 0
3 

4 x l O  1 . 5x l O  

6 N . A .  
3 N . A .  
9 2 . B 

14 4 . 2  

( 2 )  From Tab l es V I - I ,  V I - 2  and V I I I - I ,  Case D ,  Re ferenc e  2 .  

N . A . - Not available 

Case C 
U . S .  ( 1) Foreign ( 2) 

30 0 0  2 7  

5 4 
1 . 2 x l 0

3 
3 . 6x l 0

3 
6 . 0x l 0

5 
1 . 6x l 0 4 

1 . 1 x l 0
2 

4 . 4 x l O  
1 .  5 x l 0

2 
5 . 1 x l O  
5 . 7x l O  2 . 5x l 0

4 
1 . l x l 0

2 
° 

6 . 9x l O  ° 

5 . 4x l 0
3 1 . 2x l 0

3 

2 . 4x l 0
3 5 . 2x l 0

2 

3 7 cal ')� 2 . 7x l 0
5 

2 . 2xlO
4 

2 :4x l C
4 

4 . 7x l\l
3 

l . l x ) 0
2 

l . Ox l O
6 

2 . Sx l O
6 

6 . 2 x l 0
7 

1 . lx l O
7 

8 . Sx l O  1 .  Bx lO 

4 3 
2 x l 0

3 
3 x l 0

3 
8 x l O  1 . 5 x l O  

1 0  N .A .  
6 N . A ,  

16  2 . B  

I i  4 . 2  

C , a )  A s i gni fi cant frac t i on o f  these materi a l s  coul d b e  recovered during decommi s s i oning o f  fac i l i t i es 
and recyc l e d , i f  des i red . 

b )  Who l e  body dose during the operating peri od p lus the next 1 0 0  years . (For compari son , the equi v a l ent 
dose to the wor l d  popu l at i on from natural rad i at i on sources over the same peri o d  is about 2 x l O "  man- rem . 
This natural dose wi l l  result in 120 mi l li on health effects . ) Exposure is to the worldwide 

popu lat i on for dome s t i c  fuel and to the populat ion in the U . S .  and G lobal Commons for foreign fue l . 

Serious genetic and somat ic health effects were calculated from rad iat ion doses assuming a l inear 
dose-health effect relation . EPA dose-effect factors were used .  



• 

c 
'. 

c 

c 

Combining these parameters results  in a sequence of spent fuel movements 
which m ay vary depending on assumptions made regarding the t iming of both the 
spent fuel discharge and the storage and disposal facility availabilities. Tables IV-
5 and Table IV-6 illustrate one possible range based on the reference spent fuel 
discharge and assuming availability of an ISFS facility in 1 98 3  and a disposal 
facility between 1 98 5  and 1 9 9 5 .  The environmental effects are shown as Case B 
Tables IV-3 and Table IV-4. 

Individual utility decisions on transfer of spent fuel to the Government for 
storage may be affected by operating philosophy concerning the desirability of  
maintaining full core discharge capability in  the reactor spent fuel pool to 
mInImize forced outage time.  For purposes of describing comparat ive 
environmental effects Volume 2 contrasts demand schedules based on either a 
rigorous requirement to maintain full core discharge capability at each facility or 
alternatively, to maintain discharge capability (about 1 /4 to 1 /3 of  the core) . This 
change in reserve capacity cri terion results in a much lower amount of spent fuel 
being transferred offsite-with correspondingly lower environmental impact.  A 
similar effect can be achieved by utilizing nuclear poison storage racks in the 
onsite pools a practice which the utili ties are in fact pursuing and which is 
encouraged by implementation of  a use-based fee. 

A.3 Leveli zed Fee Methodology (Case C) 

As discussed in Sections ill.B.3 and ill.C. ,  the economic effects of developing 
the fee based on single rather than mult iple cost centers can be substantial to the 
utility considering alternat ive spent fuel management programs. Promulgation of 
an aggregated fee would very likely inhibit the expansion of  at-reactor storage 
capacity since the reactor operator could decide not to incur the additional cost of 
providing his own capacity. 

As there is no cost advantage to the utility to provide its own storage, this 
fee structure leads toward interim storage with maximum use of ISFS with the 
associated shipping requirements. 

The domestic and foreign requirements representative of this storage 
alternat ive were developed in Volumes  2 and 3 and are shown on Table IV-7 and 
Table IV-8 .  

The environmental e ffects of  a levelized fee are shown as Case C on Table 
IV-3 and Table IV-4 . As mentioned previously these values correspond to 
Alternative 1 B 1  of  Volume 2 for domest ic fuel and Case D (Option 3 )  of  Volume 3 
for foreign fuel. A comparison between this Case and Case B based on the 
re ference fee shows the exceedingly small range of effects that might be expected 
due to the fee. 

The difference in flows and facilit ies (and related impacts) which might 
evolve due to a leveliz ed or use-based fee can be illustrated qualitat ively as shown 
in Figure IV- I .  This relationship between fee structure and spent fuel flows is valid 
regardless of whether an operating criterion of full core reserve capacity or 
discharge capability is applied. Case A in this figure reflects this alternative fee 
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TABLE I V - 5 

Spent Fuel ' lovemen t s  - U s e - Based Fee 

1 98 5  St artup of D i spo s i t ion Faci l i ty 

Case B 

Year I S F S  Fac i l ity Geo l o g i c  Repo s i tory 

Annua l Sh ipment s I nvento ry Annual Shipments  
Dome s t i c  Fo rei gn Domes t i c  Foreign 

1 9 7 8  

1 9 7 9  

1 98 0  

1 98 1  

1 98 2  

1 98 3  5 6  5 4 1  1 5 1 9  

1 984 1 4 6  4 1 7  2 3 65  

1 9 8 5  2 6 1  4 4 3  3 3 1 4  1 0 0 

1 9 8 6  6 2 0  4 0 34 1 6 0 0  

1 98 7  5 4 0  4 5 74 1 6 00 

1 98 8  4 5 74 4 2 0 0 4 4 0  

1 98 9  4 5 74 5 0 0 0  4 8 0 ' 

1 9 9 0  4 5 74 5 9 76 5 3 0  

1 9 9 1  2 6 3  ( 1 8 1  ) 3 9 9 3  4 4 3 1  7 8 1  

1 9 9 2  2 0 0  ( 3 9 0 )  3 2 03 4 6 5 3  1 0 5 0  

1 9 9 3  ( 7 0 0 )  2 1 0 3  4 7 7 6  1 4 5 0  

1 9 94 ( 7 0 0 )  1 0 0 3  5 0 2 6  1 5 30  

1 9 95 ( 5 9 0 )  5 4 8 1  1 4 9 0 

1 9 96  5 4 7 8  9 7 0  

1 99 7  5 5 0 5  1 0 8 0  

1 9 98 5 9 6 5  l l 7 0 

1 9 9 9  6 0 1 8 1 2 6 0  

2 0 00 6406  1 3 5 0  

Source : Domes t i c  shipmen t s  from Tab l e  1 1 1 -4 ,  Vo l ume 2 .  

Forei gn shipment s  from Tab l e  I I - I ,  Opt i on 3 ,  Vo l ume 3 ,  and 
pri vat e communi cat i on 

IV-B 

I nventory 

1 0 0 

1 7 0 0  

33 0 0  

7 9 4 0  

1 34 2 0  

1 9 9 2 6  

2 5 1 3 8  

3084 1 

3 7 0 6 7  

4 3 6 2 3  

5 S 5 94 

5 7 0 4 2  

6 3 6 2 7  

7 0 7 6 2  

7 8 04 0  

8 5 7 9 6  

• 

, 
.� 
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Tab l e  I V - 6  

Spent Fue l Tllovement s - Use  B a s e d  F e e  

1 99 5  Startup o f  D i sp o s i t ion Fac i l i t y  

Case B 
Year I S FS Faci l i t y  

Annua l Shipment s I nvent ory 
Geo l o g i c  Rep o s i t ory 

1 9 7 8  

1 97 9  

1 98 0  

1 98 1  

1 98 2  

1 98 3  

1 984  

1 93 5  

1 98 6  

1 98 7  

1 98 8  

1 98 9  

1 9 9 0  

1 9 9 1  

1 9 92  

1 9 9 3  

1 9 94 

1 9 9 5  

1 9 96  

1 9 9 7  

1 9 9 8  

1 9 9 9  

2 0 0 0  

S ource : 

Domes t i c  Foreign 

5 6  54 1 

1 4 6  4 1 7  

3 6 1  4 4 3  

5.31  620  

1 0 0 2  5 4 0  

1 3 6 2  4 4 0  

1 5 8 5  4 8 0  

1 7 1 7  5 3 0  

2 0 06 600 

2 3 4 5  660 

2 5 2 3  7 5 0  

2�53 8 3 0  

3 0 8 8  9 0 0  

1 8 8 3  9 0 0  

2 4 1 3  7 0 0  

1 5 1 9  

2 36 5  

3 3 1 4  

4 3 5 9  

5 7 34 

6 8 7 2  

8 1 04 

94 84 

l l 8 l l  

1 4 2 7 1 

2 l 0 n  

2 7 8 5 1  

34 7 5 1  

4 0 0 5 1  

4 5 1 5 1  

4 6 1 5 1  

4 6 1 5 1  

4 6 1 5 1 � 

Annua l Shipment s I nventory 
Domest i c  Foreign 

1 0 0 1 0 0 

1 6 00 70 1 7 7 0  

1 6 00 3 8 0  3 7 5 0  

5 0 0 0  l l 7 0 9 9 2 0  

6 0 1 8 1 2 60  1 7 1 9 8 

6406  1 3 5 0  2 8 4 3 6
b 

Dome s t i c  shipmen t s  from Tab l e  I I I - 5 ,  Vo l ume 2 .  

Fo r e i gn shipmen t s  from Tab l e  I I - I , Opt i on 3 ,  Vo l ume 3 and p rivate 
communi cat i on . 

a .  Shipped t o  the rep o s i t ory a fter year 2 0 00 . 
b .  An add i t i onal 2 7 , 5 0 0  �ITU spent fue l in  dome s t i c  reactor d is charge basins 

shipped to the repo s i t ory after the year 2 0 0 0 . 
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TABLE I V - 7 

Spent Fuel Hovement s - Le'fe l ;  z ed Fee 

1 9 8 5  S t artup of D i s�0 s i t ion F ac i l ity 

Year 

1 9 7 8  

1 9 7 9  

1 9 8 0  

1 9 8 1  

1 9 8 2  

1 9 8 3  

1 9 8 4  

1 9 8 5  

1 98 6  

1 9 8 7  

1 9 8 8  

1 9 8 9  

1 9 9 0  

1 9 9 1  

1 9 9 2  

1 9 9 3  

1 9 9 4  

1 9 9 5  

1 9 9 6  

1 9 9 7  

1 9 9 8  

1 9 9 9  

2 0 0 0  

C a s e  C 

I S FS Fac i l it y  Geo l og i c  Repo s i to ry 

Annua l Shipment s I nventory Annua l Shipments  I nventory 
Domest i c  Foreign Dome s t i c  Fore ign 

9 7 0  5 4 1  1 5 1 1  

1 5 8 0  4 1 7  3 5 0 8  

1 60 2  4 4 3  5 5 5 3  1 0 0  1 0 0  

4 6 8  6 20 664 1 1 6 00 1 7 0 0  

7 36 5 4 0  79 1 7  1 6 0 0  3 3 0 0  

79 1 7  3 1 5 5  440  6 8 9 5  

7 9 1 7  3 3 6 8  4 8 0  1 0 7 4 3  

7 9 1 7  3 7 6 0  5 30 1 5 0 3 3  

( 5 3 0 )  ( 1 8 1 )  7 2 0 6  469 8 7 8 1  2 0 5 1 2  

( 1 4 1 0 )  ( 3 9 0 )  5 4 0 6  5 8 6 3  1 0 5 0  2 7 4 2 5  

( 1 30 0 )  ( 7 0 0 )  3406  6 0 7 6  1 4 5 0  349 5 1  

( 1 30 0 )  ( 7 0 0 )  1 4 0 6  6 3 2 6  1 5 30 4 2 8 0 7  

( 8 1 6  ) ( 5 9 0 )  6 2 9 7  1 4 9 0  5 0 5 9 4  

5 4 7 8  9 7 0  5 7 0 4 2  

5 5 0 5  1 0 8 0  6 36 2 7  

5 9 6 5  1 1 7 0  7 0 7 6 2  

60 1 8  1 2 60  78040  

6406  1 35 0  8 5 7 9 6  

Dome st i c  shipmen t s  from Tab l e  1 1 1 - 2 ,  Vo l ume 2 .  
Fo rei gn shipment s  from Tab l e  I I - I , Vo l ume 3 and private commun i cat ion . 
Same f l ows as Tab l e  I I I . B . 2 - - hi gh cas e - - for det ermining fee . 
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TABLE I V - 8  

Spent Fue l Movemen t s  - Leve 1 i zed Fee 

1 9 95 St artup of D i spo s it i on Fac i l ity 

Year 

1 9 7 8  

1 9 79 

1 9 8 0  

1 9 8 1  

1 9 8 2  

1 9 8 3  

1 9 8 4  

1 9 8 5  

1 9 8 6  

1 9 8 7  

1 9 8 8  

1 9 89  

1 9 90  

1 9 9 1  

1 9 9 2  

1 9 9 3  

1 9 9 4  

1 9 9 5  

1 9 9 6  

1 9 9 7  

1 9 9 8  

1 9 9 9  

2 0 0 0  

I S FS Fac i l ity 

Annual Shipmen t s  
Dome s t i c  Forei gn 

9 7 0 5 4 1  

1 5 8 0  4 1 7  

1 7 02  443  

2068  620  

2 3 3 6  540  

3 1 5 5  4 4 0  

3 3 68 4 8 0  

3 7 6 0  5 3 0  

4 1 6 8  600  

4453  660  

4 7 76 7 5 0  

5 0 2 6  8 3 0  

5 3 8 1  9 0 0  

3 8 7 8  9 0 0  

3 9 0 5  7 0 0  

9 6 5  

C a s e  C 

I nventory 

1 5 l l  

3 5 0 8  

5 7 5 3  

8 3 4 1  

l l 2 1 7  

1 4 8 1 2  

1 8 660 

2 2 9 5 0  

2 7 71 8 

3 2 8 3 1  

3 8 3 5 7  

4 4 2 1 3 

50494  

5 5 2 7 2 

5 9 8 7 7  

604 82  

60482  

604 82  

Geo l o gi c  Repo s i tory 

Annual Sh ipment s 
Dome s t i c  Foreign 

1 0 0  

1 60 0  70  

1 60 0  3 8 0  

5 0 0 0  l l 70  

6 0 1 8  1 2 60 

6406 1 3 50  

I nventory 

1 0 0  

1 7 70 

3 7 5 0  

9 9 2 0  

1 7 1 9 8  

24954 

Sourc e :  Dome st i c  shipments fron Tab l e  1 1 1 - 3 ,  Vo l ume 2 .  
Forei gn ship�ent s  from Tab l e  I I - I , Vo l ume 3 and p r i vate con�un i c at i ons . 
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structure which groups together the ISFS int erim storage, transport at ion to the 
geologic rep osi tory, encapsulation and burial as a "single cost center. "  The 
thickness of the " flow" lines betw een facilities gives a general indication of the 
relative am ounts of spent fuel following various paths. In the case of existing 
reactors little further expansion of spent fuel st orage capaci ty would be anticipat
ed and m ost of the fuel would be transferred to ISFS and then retransferred to the 
repository as space becomes available. The si tuati on with new reactors can also be 
expec ted to be biased toward the ISFS since this policy essentially provides 
e m ergency backup capaci ty which has to date been a utility responsibility. 

In addition to the m uch higher transport ation component from the ISF S to the 
reposi tory it can also be noted from Figure IV- I that the ISFS basin would be up to 
eight times larger than in the "Dual C ost Center" case. C ase "b" in this figure, 
"D ual Cost Center , "  reflects the re ference separated fee basis in which the charge 
is directly related to the services supplied to the utility. Spent fuel flow in this 
case shif ts prim arily to a "reactor to geologic repository m ode" with a smaller 
fraction utilizing ISFS capacity. This is accomplished by m aximum expansion o f  
existing and planned reactor discharge basin spent fuel storage capacity which 
obviates the need for ISFS basins for m any utilities. The prim e  impetus for this 
expansion is likely to be economic since it appears that in-plant st orage of spent 
fuel is m uch less expensive than the same storage at an ISFS basin. Transportation 
costs overall would be expected to be sm aller in this case not only from a mileage 
st andpoint but also because it is necessary to load and unload m ost fuel only once,  
thus minim izing total cask use tim e  and associated occupational exposure. The 
comparative econom ics of the alternat ive storage m odes would vary from utility to 
utility depending on such fac tors as the pot ential for reactor discharge basin 
cap acity increase, specific hardware used, company cash flow considerations, and 
timing of additional capacity needed. Therefore, the spent fuel st orage 
alternatives representative of the use-based and " leveli zed" fees - and related 
environm ental impacts - presented must be considered indicative of the effects of 
the different fee structures rather than definitive. Should addi tional capacity 
become necess ary, it is entirely feasible for one or several utilities to build another 
pool or a m aj or expansion of a pool at an existing site,  thus taking advantage of 
previous licensing work, trained st aff, etc.  More detailed discussion of the impacts 
due to exp anded at-reactor storage is included in Volum e 2. 

With regard to foreign fuel, factors other than the fee will m ore greatly 
influence foreign acceptance of the U . S. spent fuel storage o ffer. First , the U . S. 
o ffer is not open-ended. Each foreign request will be evaluated in terms of the 
bene fit to U.S .  non-proliferation obj ect ives and a determinati on as to whether the 
country concerned has a real need for the service .  More details on the definition 
of need and eligibility for acceptance appear in the discussion of options 1-3 in 
Volum e 3 .  As noted there the United States assum es that other nations have 
responsibility for the resolution of their respect ive spent fuel st orage problems. 

Secondly, foreign nations will evaluate the U . S. offer in the light of their 
respect ive fuel cycle policies. Relevant factors include the ease or di fficulty o f  
selec ting local st orage sites i n  the light of dom estic politics, geologic 
considerations and demographic considerations. The cost and availabili ty o f  
alternative disposal m ethods including dom estic reprocessing or reprocessing in 
another country, or storage in a country other than the U . S .  or in a multi-national 
center,  will be considered. Some nations have long term plans for spent fuel 
storage, while others will not have sufficient lead time to m ake such facilities 
available. 
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Third, the attractiveness of the U . S. o ffer will be influenced by U . S. non
proliferation policy and the non-proliferation policies of other foreign states, 
including prospec tively eligible countries and countries which might offer contract 
reprocessing services to others as an alternat ive to spent fuel storage in the United 
States. Som e  countries will accept the U . S. offer in order to support the U . S. 
position on the delay of reprocessing. Others w ill rej ect the U . S. o ffer because 
they disagree with U.S .  policy in this area. Whatever consensus em erges from the 
Int ernational Nuclear Fuel Cycle Evaluation, INFCE, on the future developm ent of 
the nuclear fuel cycle and prospective international institutional arrangem ents will 
influence national fuel cycle policies. It is not possible at this t ime to predict the 
impact  of a still em erging international scenario on appropriate fuel cycle 
developm ent and associated non-proliferation measures and obligations. 

In order to obtain non-proliferation benefits, which are to som e  degree time
sensitive, this analysis assum es that shipm ents of foreign fuel will be m ade in a 
t imely m anner assum ing the existence of a clear need for the U . S. service. Foreign 
fuel would be sent to the U . S. at the earliest p ossible date. For fuel ready for 
shipm ent before 1 9 88 disposal only service is not a reasonably available 
al ternative. Delay would undermine the non-proliferation gains to U . S. policy. 
There fore ,  countries taking advantage of the spent fuel storage offer in the near
t erm will pur chase storage and disposal services. Countries taking advantage of 
the o ffer in the m edium ter m could purchase disposal-only services to the extent 
that such services are available. 

In conclusion , although the fee structure could in theory influence the level 
of foreign participation the U . S. o ffer , the ranges of fees analyzed in this 
document are not expected to significantly affect participation. O ther factors are 
m ore likely to be influential. 

As noted in the discussion of options 1 ,  2 and 3 in Volum e 3 m any 
uncertainties exist concerning the actual quantities of spent fuel which m ay be 
returned. Option 3 represents the m aximum probable case based on the conditions 
of the U.S .  o ffer and proj ected foreign spent fuel discharges. These uncert ainties 
will have more impact on returns than the fee structure. The United States will 
m ake decisions on the acceptance of foreign spent fuel on a case-by-case basis, 
taking into account the benefit to non-proliferation objectives and the existence of 
a need for the U . S. storage service. The condi tions governing such determ inations 
are discuss ed more fully in Volume 3. The U . S. offer is limited to such cases. A 
decisi on to ship fuel will be determined by national fuel cycle policies, national 
fuel cycle costs and the availabil ity and costs of alternatives, including the U . S. 
storage/disposal o ffer. National spent fuel storage costs m ay vary quite widely 
depending on the size and type of program,  local infrastructure,  available lead 
t imes and other fac tors. 

A.4 Fee Paym ent Tim e 

Another al ternative pricing structure would be a use-based m ethodology, 
similar to the reference case, that includes a pre-paym ent of the fee. The utility 
vi ew of alternative fee paym ent t imes has been discussed in Section m . c .  The 
effect of requiring pre-paym ent of the fee is to increase slightly the related power 
cost due to financing at the utility cost of m oney rather than that of the 
Government. It is likely to result in decreased utility participation in the early 
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(ISFS storage) port ion of the program and in increase in reac tor discharge basin 
s torage capacity primarily because of cash flow considerations. Thus, a pre
payment schedule could be expected to encourage development of a storage m ode 
simi lar to that of Case B. 

A . S  Other than Full-Cost-Recovery 

There are several alternative philosophies as to how the charge can be 
established in c oncept and as discused in so me detail in the text that follows. If 
spent  fuel m anagement and disposal services are considered as a service provided 
by the Government to a specific customer or custom ers, there is precedent for the 
fee being charged representing recovery of full cost to the Government.  Under 
other circum stances, the Government can absorb certain costs so as to subsidize 
users of  the service or, in fact ,  charge a fee which goes beyond the cost to the 
Government. There have been other circum stances and precedents, e .g. ,  atte mpts 
to impose com m ercial pricing for enrichment services where the Government can 
charge a fee which goes beyond recovery of its full cost. In the discussion below on 
fee structures other than full cost recovery, a use-based methodology was assumed. 

D evelopment of  the reference fee on the basis of full cost recovery i mplies 
t hat the Spent Fuel Policy would be neutral to the m anner in which utilities decide 
to provide adequate generation capacity for their customers. It is recognized, 
however, that arguments may be made for encouraging or discouraging use of 
specific fuels for various reasons - such as the oil to coal c onversion program for 
generating facilities to control the rate of growth of o il imports. 

The level of the fee as it w ould be established based on other than full cost 
recovery assumptions could have som e  environm ental impact on the storage phase 
of the Spent Fuel Policy. As a generality, com m ercial pricing, that is, using costs 
o f  money more representative of private sec tor invest m ent than Government 
invest m ent , would increase the number of uti lities for whom m aximum on-site 
storage was the most econo mic mode and would evolve essent ially a storage mode 
similar to that resulting from C ase B. 

Such a storage mode is in any event likely on economic grounds. Beyond that 
the i mpact of com m ercial pricing is proble m mat ical, although it w ould seem m ost 
reasonable to expec t it would drive utili t ies to go forward with their own ISFS's as 
required assuming the m  to be sited, designed and construc ted for opti mum 
economics. It is not clear that the environmental impact  would be any different 
w ith privately financed ISFS's than with Governm ent financed ISFS's. Com m ercial 
pricing of waste m anagem ent service should not significantly affect  the decisions 
of m ost utilities on nuclear pow er. 

On the other hand, an argument might be m ade for subsidy prIcmg on the 
basis that the once-through fuel cycle has i ts roots in non-proliferation objectives 
and that there fore the bene fic iaries of  the services provided under the Spent Fuel 
Policy are the general public rather than the utilities and their ratepayers .  
There fore , Governm ent compensation t o  the utilities might be appropriate for the 
residual fue l value taken to further this national objective.  Evolut ion of such a 
pricing basis would be likely to encourage utility participation in the program at an 
early date - w ith the result that flows w ould evolve similar to those of the storage 
mode under the "leveliz ed" fee (Case C ) .  
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It has been concluded, therefore, that within the range considered in this 
evaluation, neither penalty nor subsidy pricing would result in environm ental 
impacts significantly different from those already evaluated on the full-cost
recovery basis with different pricing structures. (Case B vs. C ase C ) .  

Because the variation in fuel costs of alternate generation sources (to nuclear 
pow er) is about an order of m agnitude larger than the reference fee, the 
comparative econo mics of the various sources is very insensitive to a change in 
fee. Therefore, imposition of a fee based on a philosophy of  subsidy or penalty for 
nuclear generated electricity is not likely to result in any significant change in the 
rate of nuclear power growth and related am ounts of fuel requiring storage and 
disposal from that of the reference case. 

A.6 Non-One-Tim e Paym ent 

A further option available to the Goverm ent is to structure a fee which 
includes provision for recovering unanticipated - or underest imated - costs 
subsequent to the time of transfer of the fuel and paym ent . This "back charge" 
provision m ay introduce some uncertainty into the utility accounting procedures 
that, as described in Section m.B.4.3 and m.B.7 . 1 ,  even under extrem e contingency 
conditions would not be likely to result in a fee that would affect the rate o f  
growth of nuclear power significantly. Any uncertainty that m ay b e  created would 
t end to discourage participation in the program and increase reactor discharge 
basin storage. This discussion assumes a use-based charge sim ilar to the reference 
case. 

A.7 ISF S Financing Alterna ti ves 

o 

o 

o 

Options for treat m ent of funds received are :  

Application t o  the DOE budget as an offsett ing revenue for al l  D O E  activities 
(status quo) : 

Establishm ent of a separate trust fund, or its equivalent , under D O E  
m anagem ent for waste disposal exp enses only; or 

Paym ent directly to the United States Treasury. ( 1 )  

The effect o f  these financing alt ernatives would probably result in no change 
to the level of part icipation and, therefore,  to environm ental impacts of the 
reference case. 

A.8 Alternative Fee for Foreign Fuel 

As proposed, the U . S. would only accept foreign spent fuel when this would be 
in the U . S. 'S  nonproliferation interest. In order to obtain control of this fuel ,  
however , it m ay b e  necessary for the U . S. to provide incentives, including 
subsidizing the foreign fuel storage. A range of subsidies m ay be considered. 

In order to induce the return of spent fuel under the policy, the United States 
could set a storage fee below full cost recovery. This policy could increase returns 
of spent fuel to the U . S .  relative to the level expected with full cost recovery if it 
o ffset to som e  degree any disincentive to accepting the U . S. offer posed by the 
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logistical problems and costs of  transport ing m at erial to  the U nited States ( a cost 
which must be borne independently of the fee as now proposed) . To the degree to 
which a lower fee would have such an offsetting impact, it would help to induce 
returns up to the option 3 spent fuel schedule shown on Table ill.a .3 .  High levels of  
return (Option 3 )  would result  in  nonproliferation bene fits and other environmental 
impacts as described in Volum e 3 for implem ent ation of  the Spent Fuel Policy with 
Option 3 fuel.  

However, this approach would also pose a number of  problems.  First , not all 
potenti ally eligible nations would be in fluenced by a relatively minor subsidy in 
making de cisions about par t icipation in the U . S. offer. Managem ent of the back 
end of the fuel cycle involves m aj or, long term decisions with large finanacial and 
technical implications. In practice, as noted in Volume 3 ,  the United States would 
e stablish conditions for participation which would require shipping countries to  
m ake good faith e fforts to establish multinational, or  where prudent ,  national spent 
fuel storage capacity. The financial com mitments involved in such e fforts w ould 
outweigh the value of a subsidy. The U . S. storage o ffer would be attractive to 
countries facing short or medium-term storage problems which could be eased by 
shipping spent fuel to the United States or by shipping fuel to a third country for 
reprocessing services. Second, for countries with sm aller nuclear power program s 
subsidiz ed spent fuel ret urns to the United States could const itute a disincentive to 
w ork toward m ore p erm anent long term solutions to the spent fuel problem.  In 
such countries back end costs would be lower and hence the fee for the U . S. 
program could be m ore influential. 

From the perspective of  non-proliferation policy the United States has 
m aintained that it w ill not ask foreign nations to m ake decisions in their respective 
nuclear power programs that it would not m ake in its own program. Equality of  
treatm ent for foreign and dom estic users o f  a U S  storage program is  an element in 
this policy of equal decisions of equal impact for supplier and consumer states 
involved in the developm ent of  nuclear energy for peaceful purposes. A subsidy 
could be interpreted abroad as a U S  attempt to thwart in a discriminatory m anner 
foreign reprocessing activities instead o f  a cooperative venture designed to assist 
the international com m unity at large in moving to avoidance of  early reprocessing 
in the general interest of non-proliferation. A subsidy w ould also thw art US efforts 
to demonstrate the economic feasibility of long term spent fuel storage on a 
national or mul tinational basis. O ffering a subsidy for spent fuel returns only to 
some nations would only enhance the potentially dis criminatory im age o f  such a fee 
structure. 

Fro m the operational point of view a subsidized fee for foreign users of a U S  
ISFS program m ight present the appearance or fact that dom estic users would be 
forced to m ake up the difference.  Furthermore, the cost to the US Government of 
such a fee could be large, p articularly when compared to the few bene fits it is 
likely to achieve. There fore,  the re ference fee has been based on assessing the 
same fee regardless of country of origin. 

B. Safeguards 

The transportation and storage activities described in this Volume involve 
radioactive and fissionable material which can, under specific circum stances, be  
misued to create an unacceptable public risk .  Risk in  the conte xt of  the Safeguard 
Section is the combination of the probability of a threatening act being attempted, 
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the probability of the act being successful, and the probability that it presents 
haz ard to the public. Examples of situations which migh represent such 
circum stances and the resulting risk to the public are described in Section IV of the 
Volum es 2 and 3 of this EIS. 

C. Unavoidable Adverse Effects 

U navoidable adverse effects - radiological health effects, potential accidents 
and other - are described in Section V of Volum es 2 and 3 of this EIS and 
sum m arized on Table IV-3 and IV-4 for alternative pricing structures. Neither the 
radiological health effects to the worldwide population or the work force nor 
per m anent land com mitment,  water and energy requirements and chemical 
discharges vary significantly due to fee-related considerations. 

D. Irreversible And Irretrievable Commitment Of Resources 

Resour ces that are com mitted in an irreversible and irretrievable m anner by 
the proposed alternative ac tions consist of: 

o Land areas permanently affected. 

o Manpower for construction,  operation and decomm issioning of storage 
facilities, reprocessing plants, and transportation equip m ent. 

o Materials such as fuels and chem icals consum ed and construction m aterials 
that are not recyclable. 

Estim ates of the principal resource com mitments are discussed in Section VI 
c I of Volum es 2 and 3 of this EIS. There is no difference in the am ount of land 

: p er m anent ly com mitted (surface and subsurface) for the fee related storage 
I alternatives. 

E. Local Short-Term Uses of Environm ent as Related to Long-Term Productivity 

The relationship between short-term environm ental effects - generally land 
use and radiological impacts occurring during the construction and operational 
phases of the facilities - and long-term productivity - in terms of conservation of 
resources and allowable land use for the period extending beyond facility operation 
into the indefinite future - for various options influenced by the fee are discussed 
in Section VII of Volum es 2 and 3 of this EIS. The general conclusion of these 
analyses is that the differences in resource use between alternatives are sm all and 
will not preclude future options except to the extent to which resources are 
consum ed. Resource consumption is a very sm all part of available resources. Use 
of  small amounts of sur face and subsurface land m ay be permanent ly restricted, 
prim arily at the geologic repository with essentially no difference in the am ount of 
land restricted whether or not the policy is implemented. 

F. Environm ent al Tradeoff Analysis 

The environm ental tradeoff between implem enting or not implementing the 
proposed Spent Fuel Policy with alternative storage m odes has been an alyz ed and 
presented in Section VIII of Volum es 2 and 3 of this EIS. The tradeoff between 
alternative storage m odes which m ight be influenced by the fee is describe d in this 
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section.  

The analysis in  Section ll.A.2.2 has shown that the anticipated effect of the 
fee at various proj ected levels under all reasonable alternatives ( i .e. ,  alternative 
cost center approaches,  types of pricing m ethodologies, typ e  of collection 
approaches) would have only negligible impact on utility decisions to construct 
nuclear power plants .  

The tradeo ffs of  alternative fee m et hodologies are dependent upon the level 
of p articip ation by b oth domestic and foreign custom ers. In term s of dom estic 
customers , on econo mic grounds, the level of  part icipation would be dependent 
upon the cost of t he alternative (basin densification, construction of additional 
private pools, and transshipm ent to exist ing pools) and the subst itution and 
competitiveness of  the U . S. Government storage service. 

The analysis of policy alternatives and related participation in the program -
and environm ental impact is as follows: 

a. Re ference C ase (Use-based/full cost recovery/one-tim e charge) 
(Case B) 

It is assumed that utilities can decide on reasonably available 
al ternative acti ons, i .e . :  1 )  densification of existing reactor basins; 2) 
e xpansion of reac tor basins currently under construction or planned; 3 )  
construction of  new at-reactor basins; or 4 )  transportation t o  private 
interim storage and disposal ser vices as opposed to disposal services 
alone. 

b .  Non imple m ent ation C ase (Case A) 

For do m estic customers, no participation in the U . S .  Government 
program would tend to encourage either m aximum use of existing basins 
or construction of private basins. As indicated in Volume 2, additional 
radiological health e ffec ts result from the longer period of operation of 
an ISFS and At-Reactor Basin (ARB) facilities ,  a larger work force, and 
a larger am ount of fuel in storage. This alternative, m oreover, assumes 
a total o f  650 MTU transshipm ents during the period 1 97 8  to 1 9 83 as 
necessary shipm ents between existing reactor basins to prevent reactor 
shutdo wns. Further, if those transshipm ents are not allowed, som e  
reactors w ill b e  shut down (i .e. ,  4300 MWe o f  capacity) due to the lack 
of spent fuel storage capability. 

In the absence of  a U . S. Spent Fuel Storage Policy, there will be som e  
transportation of spent fuel am ong countries either for storage o r  
reprocessing of spent fuel .  Transfers for reprocessing m ay involve 
return shipm ents of waste and separated plutonium or m ixed oxide fuel. 
It is believed that shipm ent of plutonium or unirradiated MOX fuel is 
easier to divert and use for construction of illicit nuclear devices than 
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irradiated spent fuel and would therefore create a greater proliferation 
risk. Accumulation of spent fuel at storage facilities also presents 
stocks of spent fuel that could be reprocessed to recover its contained 
plutonium . *  

The precise am ount of shipments of this kind will depend upon the fuel 
cycle policies and storage space available to nations which m ight have 
been eligible to benefit from the U . S .  Spent Fuel Storage Policy. 

c. "Leveli z ed Fee" C ase (C ase C) 

d. 

The degree of participation assumed is shown on Tables IV-7 and IV-8 
(i. e . ,  m aximum centraliz ed storage for do m estic custom ers and partici
pation by Option 3 countr ies for foreign customers) . 

For dom estic custom ers , utilities could seek the economic advantage of 
utilizing Governm ent-provided storage as well as disposal ,  or disp osal 
only. Leveliz ed fee assumes the fee will be calculated for all 
cust o m ers regardless of service provided. Thus, the economic 
incentives of utilities m aking provisions for their own services to the 
m aximum extent possible, resulting from a use-based fee, are mitigated 
and, instead, Go vernm ent-proved AFR storage is encouraged. 

The aggregate environm ental effects, as shown in Tables IV-3 and IV-4 
are similar to the "Nonimplem ent ation" and "Reference" cases. A 
comparison o f  these effects and those of the reference case would show 
a sm all but consistent environm ental advantage for the use-based fee, 
as compared with a leveli z ed fee, due primarily to additional 
transportation mileage and fuel handling involved in the alternative 
storage. 

For fore ign customers, it was shown in Tables IV-5 through IV-8 that no 
change occurs in practice for levels of participation between the 
"Leveli z ed" and "Re ference " cases. 

O ther M ethodologies 

Implem entation of the fee on other than the re ference "one-time
charge" full cost recovery basis m ay lead to evolution of spent fuel 
flows and related environm ental impacts which approxim ate either that 
expected from the "Use-Based" or "Leveliz ed" fees discussed above 
(C ases B and C ) .  For example pro viding the capability of assessing 
unanticipated cost changes to a specific batch of fuel subsequent to the 
time of transfer and/or paym ent (essentially a non-one tim e  charge) 
increases the cost uncert ainty faced by utilities in recovering the fee 

* This sum m arizes the N onproliferation considerati ons detailed in Volume 3 .  C ase 
A.  
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from their customers and results in some portion of the charge being 
collected after the operating period. This situation is contrary to 
utility regulatory policy and would be likely to result in less 
p articip ation in the program . Fees assessed on other than a full cost 
recovery basis will tend to encourage part icipation if they are lower 
than full cost recovery and inhibit p art icipation if they are higher than 
the full cost recovery level. 

These general trends would be applicable both to dom estic and foreign 
custom ers. 
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APPENDIX A - M ETHOD OLOGY FOR D ETER MINING FEE 

The policy statem ent for interim storage of spent nuclear reactor fuel 
indicated the U . S. Governm ent would take title to spent nuclear fuel from 
domestic utilities and som e  foreign countries on paym ent of a fee. The fee will 
cover the U . S. Governm ent's full cost of providing either for interim storage and 
subsequent disposal or for disposal only of  the spent fuel. 

Facilities and servi ces affected by the policy include: 

1 )  ISFS (Independent Spent Fuel Storage) basins 

2) Transport ation fro m an ISFS to encapsulation and geologic repository 
facilities 

3 )  Encapsulation facilities 

4) Geologic repository facili ties 

5) R esear ch and development and Governm ent overhead 

This appendix describes the m ethodology that will be used by the U . S .  
Governm ent i n  determ ining the fees (one for diposal only, the other for st orage 
and disp osal) to be paid for the use of these facilities and services. 

A fee for the storage and disposal of spent fuel from nuclear reactors, and a 
fee for disposal only, can be calculated by equating the values (at one com m on 
time) of all proj ected expenditures to all proj ected revenues. These two fees 
(unknown at the onset) m ultiplied by their respect ive annual am ounts of fuel to be 
process ed, pro vi de the revenues for the equation. In addition to the annual 
schedules of spent fuel shipped directly from reactor to ISFSs and directly to the 
repository which are used in finding revenues, annual schedules of spent fuel 
transfer from the ISFS's to the repository are required. Annual schedules of 
exp enditures must be developed for each component facility or service. Valuation 
at a com m on time is achieved by dis counting or appreciating each paym ent to that 
com mon time from the year of receipt or disbursement,  at the discount rate for 
governm ent revenues, compounded annually, and sum ming the discounted (or 
appreciated) payments. For this purpose, all expenditures are assumed paid at the 
beginning of a year and all revenues received at the end of  a year. 

The tim e span selected for cost analysis is from the base year 1 97 8  through 
the year 2000, with provision for including the impact of later costs. In the 
unescalated version, expenditures for all years are given in 1 97 8  dollars and the 
two leveliz ed fees calculated rem ain in force over the operational lifetime.  

Governm ent ownership and operation of the ISFS's, encapsulation, and 
geologic rep ository facilities are assum ed. Arrangem ents for transportation, 
research, and developm ent are treated as governm ent operations. These 
assumptions are in line with Federal pricing policies. Should private ownership and 
operation of the ISFS basins be required, the slightly different m ethodology which 
would be required is available, but the m aj or prem ise would rem ain unchanged . 
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Costs, including capital costs,  for U . S .  Governm ent services (overhead, 
transportati on ,  and research and development ) ,  for U . S .  Governm ent owned and 
operated facilities (encapsulation and geologic si te facilities and ISF S basins) are 
all charged as expenditures when they oc cur and discounted, or appreciated, at the 
U.S .  Govern m ent debt rate to the com mon valuation time. To offset capital costs 
charged for unused capaci ty of  encapsulation and geologic sites facilities, a credit 
is included in the final year of the price calculations. 

The credit is equal to the fraction of unused capacity times the original total 
capital cost of  the facility. 

For all facili ties, two additional charges m ay be considered in the final year 
of operation: one for deco m m issioning and, optionally, one for surveillance. If the 
pricing period ends before the final year of facility operation, such charges ( for 
encapsulation and geologic site facilities) are discounted back to the end of the 
pricing period and portions equal to the fraction of capacity used times the 
discounted charges are entered on the operating cost schedule in the end year. 

Fees m ay be calculated on a single cost cent er basis or a multiple cost center 
basis (analagous to the "leveli z ed" and "use-based" m ethodologies of  D O E/ET -
0 0 5 5 ) .  On a multiple cost center basis, custom ers m ay elect to avail them selves of 
disposal services only or storage and disposal services, and pay accordingly. With a 
single cost center, all users pay the sam e price for all facilities, whether they use 
them or not. 

In calculating the single cost center fee , only the total annual am ount of 
spent fuel to be delivered to the U . S. Governm ent is used in finding the annual 
revenue. The revenue for any year equals the total am ount of spent fuel received 
by the U . S. Governm ent during the year times the (unkown) single cost center fee, 
which is assumed const ant over the operational lifetime. Because the unknown fee 
is a constant , it can be factored algebraically from the total discounted revenues 
for all years, leaving as the one rem aining factor the sum for all years of the 
discounted quantities of the spent fuel. Hence,  the single cost center fee (or 
leveli z ed charge or price) equals the quotient of the overall discounted cost total 
divided by the overall discounted fuel total; price components equal service or 
facility cost divided by the sam e denominator. 

For the mult iple cost center fee calculation, a stand-alone price is determ in
ed for each typ e  of facility and service. A stand-alone price equals the total 
present value of expenditures for all facilities or services of the same type in the 
scenario under consideration, divided by the total present value of spent fuel flow 
through t hose facili ties or services. The fee component for a user of a facility or 
service must equal the st and-alone price for that type of  facility or service;  or, if 
the fee must be paid prior to use of the facility or service, the fee component must 
equal the discounted value of that price. If a facility or service is not used, there 
is no fee component for it. The fee is the sum of the relevant component fees. 

Dispos al only users do not pay for ISF S basins or transport ation therefrom .  
They pay the sum of: 

1 )  The stand-alone price for encapsulation 

2) The st and-alone price for repositories and 
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3 )  The overall price for research and developm ent and U.S. governm ent 
overhead. 

Storage and disposal users pay a fee equal to the sum of: 

1) The stand-alone price for ISFS basins 

2) The discount ed stand-alone price for transport ation from ISFS basins to 
reposi tories 

3) The discount ed st and-alone price for encapsulation 

4) The discount ed st and-alone price for repositories 

and 5) The overall price for research and development and U . S. Governm ent 
overhead. 

D etails of the multiple cost center fee calculation follow: 

The total present value of spent fuel ent ering ISFS's m ay be expressed -

t =n 

Q \----
= > Q A A t  

/ 
( 1  +r) t / 

. - - --�,---

t=m 

Where 

t = year (with t=l  representing 1 97 8 )  
m = first year of campaign 
n = last year of camp aign 
r = dis count rate 

and 
QAt = the flow into ISFS's in year t 

Q A = the total flow into ISFS's for all years of campaign. 

Similarly, the total present value of spent fuel flowing directly into the 
repositories from disposal-services-only custom ers equals 

where 

t =n 

Q = \� QD t D 
/ 

( 1  +r) t / 
�-

t=m 

QD t  = the flow from reactors directly to repositories in year t 
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and QD = the total flow from reactors direct to reposi tories for all years of the 
campaIgn. 

Transfers fro m ISF S's to repository are assum ed to take place at the end of 
the year of transfer to be consistent with the assumption of revenue receipt at the 
end of the year . The formula for these transfers is thus: 

t =n 

Q = \- QT t T I 
! 

(I +r) t f 
;'1--- ---- _ 

t =m 

where 

Q = the flow out of ISFS's and into repositories in year t 
Tt 

and QT = the total flow from ISFS's to reposi tories for all years of the campaign. 

From these three flows, Q , Q , and Q , the other required flows can be 
calculated. Thus Q , the overall tfow Par resear& and develop m ent and governm ent 
overhead, equals - Q = QA + QD 

And QR' the fl ow entering the encapsulation faciliti es and repositories, from 
both react ors and ISFS's equals - QR = QD + QT 

The ratio QT/Q provides an average dis count factor for the fee prepaym ent 
period which coinciles with the average (for the p art icular campaign under 
consi deration) residence t ime in the ISFS's. 

St and-alone prices are, in dollars per kilogram of uranium : 
for the ISF S, P A = C A /Q A 
Where C A. = the sum of all discounted expenditures for all ISFS's; for transportation 
fro m ISF;,�s to repositories 

Where C = the sum of all discounted expenditures for transportation fro m ISF S's 
to reposiTories; 

for encapsulation -

where C E = the sum of all discount ed expenditures for all encapsulation facilities; 

for geologic repositories - P R = C R / QR 
h C R = the sum of all discounted expenditures for all repositories; w ere 

and for research and developm ent and governm ent overhead -
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where C G = the sum of all discounted expenditures for research, development, and 

governm ent overhead. 

The total charge to disposal-services-only custom ers equals: 

For st orage and disposal custom ers the total charge is: 

P A + P G + (P T + P E + P R) QT I Q A 

Where QT I Q A is the average discount factor for the fee prepaym ent period. 

The effect of cost escalation on price m ay be est im ated using m odified m ethodolo
gies sui table to the two escalation m odels of interest : 

1 )  The non-standard fuel escalation m odel in which expense or cost 
escalation to the year of paym ent is computed, and the standard model in 
which paym ent is computed only to expense or cost. 

2) C ost escalation to the year o f  pricing. 

For the first, the full escalation m odel, the only required m odification is t o  
calculate costs escalated to the year of expense paym ents .  The resultant fully 
escalated expenditure schedule from the base year 1 9 7 8  through the end of the 
s cenarios, does not change from pricing year to pricing year. As a consequence of 
this invariance with time, the leveli z ed price based on the expenditure schedule is 
constant for all pricing years. 

In the second (standard) escalation model, costs are escalated only to the 
year of pricing. As the pricing year advances over the scenario t ime span, costs 
are further escalated. Thus the expenditure schedule (over the scenario time span) 
varies with pricing year,  and the leveliz ed price computed in any pricing year is 
generally different from that of the previ ous year. 

It should be m enti oned that in any calculati on in which the prlcmg year is 
rolled forward, costs prior to the pricing year are represented by net cost accruals 
calculated in the pricing year in which revenue is received, and not further 
escalated or otherwise changed . 
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APPENDIX B - GLO SSARY OF TERMS AND ABBR EVIATION S  

AFDC 

Allowance for funds used during construction . 

ARB 

At-Reac tor Basin 

back-charge 

assessment o f  additional charge subsequent to tim e  of fee paym ent .  

base-load capacity 

That portion of a utility generating syste m  which, because of favorable operating 
costs, is operated essenti ally full t ime.  

BWR 

Boiling Water Reactor 

capi tal, fixed. 

The total original cost o f  installed facilities which, in a com m ercial venture,  
cannot be deducted for tax purposes as a current expense in the year o f  acquisition; 
but for which depreciation is allowed by the tax authorities. Gross asset value,  less 
land. 

capital recovery. 

The process by which original investm ent in a proj ect is recovered over its li fe. 
D epreciati on allowance provides for capital recovery in the absence of inflation. 

capital,  working. 

The funds in addition to fixed capital ,  land invest m ent, and startup expenses 
needed to get a proj ect started and to m eet subsequent expenses as they beco m e  
due. Includes cash, re ceivables, and inventories, less payables. 

capitaliz ed cost. 

The sum of m oney which, at a given interest rate , will provide an infinite series of 
paym ents of a desired am ount without diminishing the original sum ,  or the system 
for replace m ent analysis employing that sum . Also, the depreciable portion of a 
fixed invest m ent. 

cash flow.  

The passage o f  m oney into or  out o f  the enterprise. For invest m ent analysis, 
investm ents are usually considered as negative cash flows; after-tax profits and 
depreciation as posi tive cash flows. 
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cask 

A cont ainer that provides sheilding and cont ainm ent for the shipm ent or st orage of 
radioact ive m aterial .  

compaction.  

Reduc tion in the spacing of racks that hold spent fuel in  a water storage basin so 
that the basin can hold m ore fuel and still rem ain subcrit ical. 

comm ercial pricing 

Methodology for computing a price assuming a private entrepreneur provided the 
goods or services including such allowances as return on investments, taxes, etc. 

cont ingencies. 

An allowance for unforeseeable elem ents of cost , particularly in fixed invest m ent 
estim ates, which previous experience has shown to be statistically likely to occur. 

cost center. 

For accounting purposes, a grouping of items of equipm ent and facilit ies 
comprising a system or subsyste m .  

cost index. 

See Inflati on index. 

deprecia tion. 

An annual expense charge for recovery of fixed capital from an investm ent whose 
use ful life is finite, but greater than one year. 

discounting. 

U se of compound interest to determine sum s  earlier in tim e  equivalent to a later 
larger sum . 

D O E. 

U . S. Departm ent of Ener gy. 

dose com mitm ent. 

The amount of radiation to an individual or population over a stipulated period of 
tim e resulting from exposure to a given source.  

c dual cost center pricing 

Methodology for computing spent fuel storage and/or disposal charge to allocate 
interim storage costs only to those custom ers using the service. 
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c EIA 

Energy Information Administration 

EIS. 

Environm ental Impact Statem ent (D EIS-Draft EIS; GElS-Generic EIS) . 

EPA. 

U . S. Environm ental Protection Agency. 

c EPRI 

Electric Power Research Institute 

escalati on. 

The pro vision in actual or est im ated costs for an increase in the costs of 
equipm ent, m aterial, labor, etc . ,  over those spe cified in an original contract due to  
continuing inflation,  etc.  

escrow funds 

A mounts restricted for a specific purpose by parties to an agreem ent. They are 
usually placed in the custody of a third party, frequently a trust company and are 
released only by the j oint instructions of both parties to  the contrac t .  

Federal repository 

See g eologic rep ository 

FERC 

Federal Energy Regulatory C o m missi on 

fixed costs. 

The costs which continue whether a facility is operated or not ;  essentially fixed in 
dollars p er year independent of operating level. Includes property taxes, insurance, 
some m aintenance, and depreci ation (a non-cash expense) in all cases. Som e  labor 
m ay also be considered a fixed cost for m any purposes as long as a facility is not 
shutdown. 

fuel asse mbly 

A grouping of fuel elements which is not taken apart during the charging and 
dis charging of a reactor core . 
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fuel cycle. 

The complete series of steps involved in suppling fuel for nuclear reactors. The 
cycle includes uranium m ining and refining, uranium enrichment, fuel elem ent 
fabrication ,  irradiation, chem ical reprocessing (to recover the fissionable m aterial 
rem aining in the spent fuell ,  and disposal o f  radioactive waste. Later steps in the 
fuel cycle are re-enrichm ent of the enriched fuel m aterial and refabrication into 
new fuel elem ents. In a once-through fuel cycle, spent fuel is not reprocessed t o  
recover usable fuel; spent fuel i s  treated a s  waste .  

fuel elem ent 

The sm allest struc turally discrete part of a reactor assembly which has nuclear 
fuel as its principal constituent . 

full cost recovery. 

Includes charges to the user that compensate the Governm ent for budgetary 
spending for capital and operating costs, return on invested capital, and costs t o  
cover unusual haz ards, e . g . ,  insurance prem iums, premium pay for hazardous work, 
workm en's compensation, etc. 

geologic reposi tory 

G eologic  formation used as a si te for storage or disp osal of high level and 
transuranic waste. 

GWD 

A unit of energy produc tion or consumption in a given day. One GW equals one 
billi on watts or one thousand m egawatts. 

high-level radioactive wast e 

Liquid or solidified products of the chem ical pro cessing of irradi ated fuel ,  and/or 
irradiated fuel elem ents if discarded without processing. 

indirect  expense.  

( 1 )  Fixed invest m ent : engineer ing and construction expense, taxes, insurance, 
startup costs and contractors' fees which cannot be charged directly to cost 
centers. (2)  Operating Costs: continuing expenses associ ated with facility 
operati on but not directly assignable to process cost centers. Includes plant 
overheads and som etimes certain costs which might be considered direct expenses, 
but for which adequate cost records are unavailable. 

infla tion index. 

A statistical tim e series which approxim ates the change in value of the dollar in a 
particular segm ent o f  the economy, usually based on an index of 1 0 0 for a given 
tim e. "Cost index" .  
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interest, compound. 

The m athem atical expressi on of the principle that m oney can be used to earn m ore 
m oney, and therefore that values can b e  assum ed to grow with tim e at a certain 
rat e .  The rate (expressed as percent or deci m al) at which a sum of m oney 
increases in value over each interval of t ime,  usually one year. 

int erest rate of return. 

The rat e  of compound interest at which an outstanding investm ent is repaid by 
proceeds of the proj ect .  Also the evaluation technique which judges the 
profitability of a proposed investm ent by this calculation. 

investm ent tax credit 

R eduction in Federal incom e  tax up to a precentage of total invest m ent as 
specifi ed by law. 

invest or-owned utilities 

Those utilit ies in which ultim ate pro fit  accrues to stockholders. 

IO AA 

Independent Offices Appropriations Act of 1 95 2  

IRG 

Interagency R eview Group 

ISFS. 

Independent Spent Fuel Storage Facility. 

Kilogram (s) 

kWh. 

Kilowatt-hour, a unit of energy generation or consumption in a given hour. 

labor, operating. 

That portion of labor cost which can be de finitely assigned to one product or cost 
center. Usually excludes labor for m aintenance, m at erials handling, and packaging. 

" leveli z ed" fee 

Single fee for storage and/or disposal of spent fuel whether or not interim storage 
is requi red. C onsistent with single cost center pricing. 
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LWR. 

Light Water Cooled Power Reactor (BWR, PWR - types of LWR) . 

m aintenance. 

The exp ense,  for both labor and m aterials, required to keep a facility in a suitable 
operable condition. Maintenance excludes maj or items which are not expensed 
within the year purchased and thus must be considered fixed capital. 

m an-rem .  

The total radiation dose com mitment t o  a given population group ; the sum o f  the 
individual doses received by a population segment. 

MW-yr. 

Megawatt-year , a unit o f  energy generation or consumption in a given year. 

MTU. 

Metric Tons of Uranium,  (2200 pounds or 1 0 00 kilograms) . 

m ills/kWh. 

Mills per kilowatt-hour, power cost per unit of ener gy generation. 

N EPA. 

National Environm ental Poli cy Act of 196 9 .  

c nonproliferation 

Limits the number o f  nations capable of producing nuclear weapons 

NRC. 

Nuclear Regulatory Com mission. 

c one-tim e  charge 

Fixed charge not subj ect to subsequent adjustm ent.  

operating cost. 

The total costs chargeable to the furnishing of a service or product. Includes 
direct expenses such as supplies,  labor ,  utilities, and also fixed or allocated charges 
such as m aintenance,  depreciation,  insurance and property taxes. O verheads within 
the facility are usually considered as operating costs; administrative and research 
overheads and freight are not usually so included. 
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c overhead. 

C osts in a facility which are not directly assignable to any one product or 
processing cost center and therefore must be allocated on some arbitrary basis or 
else handled as a business expense independent of the portion of the facility 
capability utiliz ed. 

penal ty pricing 

Assessing a charge greater than that needed to recover full costs of providing 
facilities or services. 

A concrete chamber filled with water to provide shielding for irradi ated fuel 
elem ents. 

present wort h (present value) . 

Current value o f  cash flow (s) as obtained by discounting. Also the invest m ent
evaluati on procedure which involves discounting at a specified interest rate 
(representing cost of capital or minimum acceptable return) to choose the 
alternat ive having the highest present value. 

PWR 

Pressuri zed W ater Reactor 

single cost center pricing 

M ethodology for computing spent fuel st orage and/or disp osal charge which does 
not reflect the fact that som e custom ers will not use interim storage services. 

spent fuel 

Irradiated nuclear reactor fuel at the end of its useful life. 

storage basin 

A water-filled, st ainless st eel-lined pool for the int erim storage of spent fuel. 

uniform system of accounts 

Uniform syst em of Accounts Prescrib ed for Public Utilities and Licensees - Title 
1 8  Chapter I of the C ode of Federal Regulations-Rules and Regulations of the 
Federal Energy Regulatory C om m ission. 

use-based fee 

Fee for storage and/or disposal based on what services are used. C onsist ent with 
dual cost center pricing . 
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c variable costs. 

Those elem ents of operating costs which vary directly with the portion of facility 
capability being utili zed. Generally used in contrast to fixed costs which do not 
vary with the fraction of capability used, but are constant with time. 

waste m anagem ent 

The planning, execution & surveillance of essential functions related to the control 
of radi oactive (and nonradi oactive) waste, including treatment , solidification, 
interim or long-t erm storage, surveillance and disposal. 
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