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10.1

10.0 WASTE MANAGEMENT SYSTEM
_

An analysis of the complete waste management system was developed to assess the tot 01
impact of managing radhactive wastes generated over the entire lifetime of a nuclear power

*
system. The analysis considers the treatment and disposal of all post-fission TRU, gaseous
and airborne and deconinissioning wastes. Each radioactive waste stream is tracked each year
from its origin through treatment, storage, transport and accumulation in a geologic repository.

The reference system (see Section 3.10) is based on 400 GWe of nuclear power installed in
the year 2000 and produces approximately 10,000 GWe-years of electric energy. An alternative
low-growth projection haced on 255 GWe in the year 2000 is also considered, but for fewer cases.
This system produces approximately 6400 GWe year of electric energy. Capacity additions beyond
the year 2000 are not considered a part of this system. Af ter 40 years of operation each nuclear
power plant is shut down and decommissioned. Thus, the last nuclear power plant is shut down in
the year 2040. The last fuel reprocessing plant is shut down in the year 2044 and dismantled in
the year 2075. Thus, the system operation encompasses a 101-year period from 1975 through 2075.
In addition, the decay of radioactivity in the final repositories is followed over a million year
period. The fuel cycle cases include:

Reference Projection

Case 1 Once-through cycle - repository available in 1985
Case 2a Uranium-only recycle with plutonium in the SHLW - repository available in 1985
Case 2b Uranium only recycle with plutonium stored as Pu02 - repository available

in 1985

Case 3a Uranium and plutonium recycle - repository available in 1985
Case 3b Uranium and plutonium recycle - repository available in 2000
Case a ** Once-through cycle - repository available in 2000a

Case 4a** Defer decision to implement once-through fuel cycle to 2000
Case 4b Defer decision to implement uranium and plutonium recycle to 2000.

Low-Growth Projection

Case 1 Once-through cycle - repository available in 1985
Case 3a Uranium and plutonium recycle - repository available in 1985

Further descriptions of these cases are presented in Section 3.1.

Results of calculations reported here for each fuel cycle case include:

o quantities of all treated wastes

radioactivity and heat generation rates of each treated waste componente

radioactivity and heat accumulations in repositories by nuclide, waste type and totalse

costs for each major waste management function, ande

unit power and fuel costs for the total waste management systera.e

I

* The term TRU wastes is used here in the broad sense that includes spent fuel in the once-
through cycle and high-level waste in the reprocessing cycles.

** Case 4a serves a dual purpose.
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;

| Summary results are presented in the text of this section with detailed results tabulated in
,

the Appendices. Whereas costs in previous sections of this report have been presented as 1976

) constant dollar costs, all costs in this waste management system section have been converted to
f 1978 constant dollars.
i
| Radioactivity releases from each waste management operation and resulting population

radiation doses were also calculated for the entire system for each fuel cycle case. These i

j results are presented in 00E/ET-0029.
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10.1.1

10.1 SYSTEM SIMULATION

A fundamental requirement for analyzing the complete waste management system was the devel-
opment of a computer simulation of the system. A computer model consisting of four major modules
was developed for this purpose. The four modules are:

* fuel irradiation calculations
fuel cycle logistics calculationse

waste processing logistics calculations*

waste management impact calculations.*

The information flow for this computer simulation is presented in Figure 10.1.1.

INPUT SYSTEM MODut E OUTPUT

_

O GEN
REFERENCE gg7

PWR & BWR :
IRRADIATION

, OTO M
PARAMETERS COMPOSITIONCALCMil0NS

l

_ v

FUEL CYCLE FLLL CYCLE
F CY

CASE -

L $'
: STREAM FLOWS

PARAMETERS ND COMPOSIIl0NSCA U T

_ 1 ,

WASTRAC
WASTE WASTE STREAM#^ $ '"

PROCESSING : : FLOWS AND |0 S C5
PARAMETERS COMPOSITIONS

CALCULATIONS

_ v

ANNukt A D CUM
^ S' $

D : D

If05T ALC S
^ ^

FACTORS DATA TABLES

FIGURE 10.1.1. System Simulation Information Flow

10.1.1 Fuel Irradiation Calculations

Develo ment of the data base for the system simulation starts with preparation of a series
U

I of ORIGEN code runs to define the isotopic composition of the spent fuel. The ORIGEN code
cair.ulates the average composition of the spent fuel discharged from a reactor core or core

region based on a set of input parameters that characterize the irradiation conditions. It cal-
culates a complete composition including all fission products, actinides and activation products.
The specific list of isotopes to be calculated can be selected as an input variable. A set of
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neutron cross sections and spectral indices were used that had been calibrated to match results
of empirically measured spent fuel compositions. Isotopic data were calculated for 175 nuclides,
including all significant fission products, activation products and actinides.

Twenty-eight ORIGEN cases representing both PWR and BWR fuel irradiations describe the
spent fuel compositions for all of the fuel cycle alternatives. These cases are identified in
Table 10.1.1 and include separate cases for each enrichment zone of the initial cores, a first !

reload and equilibrium reload fuel batch and three recycle fuel batches for both uranium and f
plutonium recycle. In addition, the low exposure fuel batches remaining when a plant is shut
down for _deconsnissioning are described. Whether recycling or not, all plants start up and shut
down without recycle fuel in the core. Recycle of either uranium or plutonium is limited to
equilibrium fuel reloads and the amount of either recycle fuel in any year is limited to 50% of
the equilibrium reload fuel.

TABL E 10.1.1. ORIGEN Cases ")I '

-
PWR Plants BWR Plants

"Once~-'-' V0n17 ~ UTPF ~ Tue1~ Tise T6nly ~~"if & fu-"TiieT ~
Through Recycle Rec yc le Exposure through Rec yc le Recycle fxposure

.3d5e5 ..C n ej_ .(d_$e g _ MfMtHM Cases Cases Cases MWD /MTHM i

tit Discharge i 1 1 15,000 (- 6 6 10,000

2nd Otscharge 2 2 2 25.000 7 7 7 17,000

3rd Discharge 3 3 3 33,000 8 8 8 20,000

4th Olscharge NA NA NA NA 9 9 9 21.000

lst Reload 4 4 4 33,000 10 10 10 ?6,000

Equil. Reload 5 s 5 33,000 11 11 11 27,000

1st U Pecycle NA 12 12 33,000 MA 15 15 27,000

2nd U Recycle NA 11 13 33,000 NA I f, 16 27,000

3rd U Recycle NA 14 14 33,000 NA 17 17 27,000

lit Pu Recycle NA NA 18 33,000 NA NA 21 27,000

2nd Fu Recycle NA NA 19 33,000 NA NA 22 27,000

3rd Pu Recycle NA NA 20 33,000 NA NA 23 ?7,000

; shutdown Zone 1 24 24 24 11,000 26 26 26 7,000

shutdown Zone 2 25 25 2s 22,000 27 27 27 13,000

! shutdown Zone 3 NA NA NA NA 28 ?8 2H 20,000

NA = Not Applicable

4. These ORIGEN case numbers should not tre confused with the fuel cycle system case numbers used
elsewhere.

By combining these data in appropriate combinations to match the operating status of all !,
,

plants in the system and the amount of uranium and plutonium available for recycle, the spent
fuel composition in any year can be determined. This one set of ORIGEN data is used to describe i

the spent fuel composition without recycle or when recycling either uranium or plutonium or

|
both,

| The number of recycles for either uranium or plutonium is limited to three. However, the '

242amount of third recycle uranium and plutonium is small. In addition, the accumulation of Pu
i

in the third recycle plutonium discharge reduces its value substantially. Thus, to simplify the ]i

calculation, the discharge from third recycle fuel is discarded,

i

_ _ _ __ - _ _ _ _ _ _ _ _ ___ .___ _ _ .. _ __ _ . _ . _
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|

This method of using a relatively small number of fuel irradiation (burnup) calculations
to characterize a large number of spent fuel combinations provides an efficient and reasonably

j accurate reoresentation of spent fuel compositions year by year for the entire system.

10.1.2 Fuel Cycle Logistics

A computer code (ENFI'RM), developed prior to this study, was used tu analyze fuel cycle
logistics. ENFORM was developed to evaluate environmental impacts of the entire fuel cycle.
However, only the fuel cycle logistics capabilities were used here as input to a separate module,
developed during this study, to determine waste management impacts in detail. The ENFORM code
has a capability to produce detailed material and isotopic flows in a nuclear fuel cycle as a
function of time. A more complete description of the code's capabilities can be found in
reference 2.

Essential ENFORM input information includes:

a nuclear power growth projection*

an operating schedule for the nuclear power plantse

recycle assumptions, i.e. , once-through cycle, U-only recycle or Pu & U recyclee

a fuel reprocessing schedule Ie

1inventory and timing assumptions for the entire fuel cycle 'e

spent fuel compositions as calculated by ORIGEN.*

The output of the fuel cycle logistics calculation is the detailed year by year mass and
isotopic flow for each operation in the fuel cycle considered. The fuel cycle, as used in
ENFORM, is displayed in Figure 10.1.2. Each operation in the fuel cycle (mining, milling,
conversion, enrichment, irradiation, and reprocessing) has been generically modeled by ENFORM.

|
Reprocessing is optional in the fuel cycle model, so scenarios with no recycle, with only
uranium recycle, or with both uranium and plutonium recycle can be modeled. The timing for
each process in the fuel cycle is an input variable.

The reference nuclear power growth projection, the electric energy generated, and the
annual and cumulative total spent fuel discharges are shown in Table 3.10.1. Each nuclear

:

power plant is assumed to start up at 40% of capacity, increase to 70% in the fourth year, oper-
ate at 70% for 22 years and then decline linearly until the plant shuts down at 40% of capacity
in lu % rtieth year. The resulting average system capacity factor was also shown in Table 3.10.1.
The low-growth projec+.lon is shown in Table 3.10.2. The system is composed of one-third BWRs
and two-thirds PWRs.

10.1.3 Waste Processing Logistics

The fuel cycle logistics information produced by ENFORM describes the various waste streams.
| The computer code WASTRAC was developed for this analysis to model the storage, treatment, pack-
|

aging, shipment and disposal of each waste stream. Figure 10.1.3 illustrates the waste manage-
ment steps and the items calculated in a typical WASTRAC subsystem. Waste management steps
can be added or deleted as required to model a specific subsystem. Thirty-nine different waste
categories are used and the management of each of these categories is represented by a generic
waste management subsystem similar to that displayed in Figure 10.1.3.
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WASTRAC computes waste volume and waste isotopics (quantity of each radionuclide). Waste
volume is a function of year, waste type, and waste management step. To illustrate WASTRAC
operational steps, let:

Y = system year

| N = wiste type
F = fuel cycle process, i.e., spent fuel packaging, fuel reprocessing, etc.I

The Untreated Waste Volume is computed as

(Untreated Waste Volume)Y,F,N =(MTFuel)Y,F(Untreate (j)Wa Volume

The treated waste volume is

*
(Treated Waste Volume)Y,F,N = (Untreated Waste Volume)y,p,g (2)

Treated Volume
(UntreatedVoliseF,N

In equations (1) and (2) above the (MT Fuel) variable is a function of system year and fuel cycle
nuea Volumeprocess and is obtained from ENFORM. The variable is a function of

wastetypeandfuelcycleprocesswhilethe(U ne) ratio is a function of wasteca ed
type, and fuel cycle process and reflects the selection of a specific waste treatment alterna-
tive.

The waste isotopics, or quantity of each radionuclide contained in each waste type, is
dependent on system year, fuel cycle process, waste type, and waste management step. Thus,

*for each isotope (1), its quantity in each waste stream is

(Waste Curies)l,Y,F,N,M = (Fuel Curies)g,y,p * (3)

(WasteCuries)1,F,N(Decay Factor)I'OY.Fuel Curies

Where M = waste management step

AY = time difference between time of fuel cycle process and time of accounting at step M.

In equation (3) above, the (Fuel Curles) variable is the quantity of a racionuclide in the fuel
when processed and is a function of isotope, system year, and fuel process. It is obtained
from the fuel cycle logistics data and is corrected in ENFORM for decay between discharge and

The ( 5 s ) f raction is dependent on isotope, fuel cy.le process and waste type.process. e C
The decay term in equation (3) accounts for radioactive decay or buildua during the waste manage-
ment process or af ter waste is placed in the repository.
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The output of WASTRAC is the waste volume and curies of each isotope in each waste stream

at each step in the waste management system. Each treated waste stream is classified by con-
tainer type and by the surface dose class for the treated waste containers.

10.1.4 Waste Management Impact and Cost Calculations
|

l

The final step in the system simulation uses the time dependent waste logistics data from
WASTRAC to calculate the waste management impact and costs and to compile results in a series
of tables. The computer code IMPACT has been developed to perform these functions.

IMPACT calculates isotopic releases and 70-year population radiation doses for each waste
type, and waste management step. As before, let

I = isotope
Y = year
N = waste type

M = waste management step

F = fuel cycle process

Then

(Curies Released)l,Y,F,N,M = (Waste Curies)l,Y,F,N,M * (4)

(~CuriesReleased}
g

kaste Curies / 1.F,N,M

The (Waste Curies) variable is obtained from the waste processing logistics calculation (WASTRAC). I

ased) is dependent on isotope, fuel cycle process,e _eThe isotope release f raction,

waste type, and waste management step.,

IMPACT calculates regional dose commitment to whole body, bone, lungs, and thyroid. IMPACT |
3H, I C, and Kr. To illustrate thealso calculates worldwide dose cocunitment for release of

dose calculation, let D = dose type then dose is calculated as

(Dose)l,Y,F,N,M,D = (Curies Released)l,Y,F,N.M (5)e

(RadiationDose)Ci Released / 1,F,0

Results of the radiation dose calculations are presented in DOE /ET-0029.

Four types of waste management costs are computed by IMPACT; treatment costs, interim j
waste storage costs, transportation costs, and repository costs.

The treatment costs are based on the fuel cycle process throughput.

ke t ,,,1
(Treatment Cost)Y,F,N = (MT fuel)Y,F , (6)
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The unit cost - is a function of process and waste type and is assumed fixed over
time.

Transportation and repository costs are based on the number of waste containers shipped
to repository.

(Treated Waste Volume)

(Transportation Cost)Y,F,N *{TreatedWasteVolume
N)*

Container Y,F,N

(Transportation $JContainer F,N

, (Treated Waste Volume)Y,F,N *(Transportaion$ }(Repository Cost)Y,F,N Treated Waste VB IEe Containt F,N !Container Y,F,N

The volume per container variable (Treat eVolume)isafunctionofpi7cessandwasteWa

type, and in the case of high-level waste it is also a function of system year . The high-level
Wdste Volume per container varies over time because it is limited by the thermal criteria at

ans o "the geologic repository. The unit repository and transportation cost, and
n

*[o , are dependent on fuel cycle process and waste type."

nr
The interim waste storage cost is computed as

(Treated Waste Volume)
(8)

(Interim Waste Storage Cost)Y,F,N *{TreatedWasteVolume
*

Container Y,F,N

l

(InterimStorage$)F,NContainer

Theunitinterimwastestoragecostsh"*C $)isafunctionofwastetypeand,
t r

if stored at its origin, fuel cycle process. They are based on the cost for an average period.

The IMPACT program also organizes the results of the calculations, sums up annual and
cumulative totals at 5-year intervals and prepares a series of tables to display the results.
Both undiscounted and present worth * costs are calculated. Levelized unit power costs and
levelized unit fuel costs of waste management are also calculated.

i
Present worth discounting is a method of allowing for the time value of money. The present

|
worth may be thought of as a present sum of money equivalent to a specified future payment or
receipt or to a series of future payments or receipts. The present worth of a series of pay-

r ments is obtained by summing the product of each annual payment times the quantityi

i
(1 + i)n

where i equals the interest rate or discount rate and n is the number of years from the present
to the time of the payment.
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i
,

Figure 10.1.4 schematically illustrates the relationship between the cash flow of the
j individual waste management system components and the discounting procedures. There are two

similar but distinctly different applications of discounting techniques used in the develop-
nent of the equivalent electric power and fuel cost of waste management. First a present
worth levelizing technique is used to develop unit costs, i.e., cost per unit of spent fuel,
for each waste management function. Second, a separate present worth levelizing technique
is used to convert waste management costs to equivalent electric power and fuel costs.

The boxes in the lower part of Figure 10.1.4 illustrate the functions that contribute to
the total waste management system costs. The additional detail under the treatment unit costs
box indicate the flow of dollars and materials that are factored into the development of unit
costs. For any single waste management function all of the cash flows are present worth dis- <

counted to a common starting point. The levelized unit cost for that function is then cal-
culated by the relationship

(Sum of present worth costs)
Unit Cost = (Sum of present worth throughput)

which is derived from the fundamental relationship for a profitable venture.

I

(Sum of present worth revenues) = (Sum of present worth costs)

by solving for unit cost where
i

(Sum of present worth revenue) = (unit cost) x (Sum of present worth throughput)

The unit cost developed by this procedure represents the single charge that can be assessed for
i

the waste management function over the life of the facility that will recover all expenditures
plus a return (the discount rate) on any unrecovered investment during the life of the facility.
The sum of all of the separate waste management system unit costs represents the total waste
management system unit costs.

The accumulation of the waste management costs over a period of time following generation
of power is also illustrated in Figure 10.1.4 It is assumed that all waste management costs
whether the services are provided by private industry or by the government, will be borne by

!
the consumers of the electric energy generated by the nuclear power facility. Thus, the waste

! management costs will be reflected as an increase in cost of power. The equivalent power costs
of waste management can be obtained by discounting the costs of the individual waste management
functions to the time of power generation, summing them all and dividing by the kilowatt hours '

of electric energy produced during the generation of waste. In other words, money is collected
from the rate payers to cover the cost of waste mancgement at the time the electricity is I

generated. The amount collected is somewhat less, depending on the discount rate, than the
j costs of waste management will be when it is actually incurred. This allows the utility to earn

a return on this money during this period so that a sufficient fund accumulates to pay for the;

|
|



._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - --

10.1.9j

KWHTO
CONSUMERS

D ISCOUNT , {.

TIME

WA AGMT WW COM EUMATIO% :
GENER T ON 61 C05

, ,- -

1 1
STORAGE 1REATMENT TR ANS PORT RE POS ITORY

UNIT COSTS UNIT COSTS UNIT COSTS UNil COSTS

1 1 1
"

OPERATING $
C APITAL $

,

i.i,
.;,

;
;

E

THROU),HPUT

,
DISCOUNT

- ,

TIME
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Management functions of Cost

waste management costs at the time the costs are incurred. At any interest rate (discount rate)
greater than 0%, fewer dollars need be collected from the rate payers than will be required to
pay later waste management costs at the time they are incurred. The higher the utility dis-
count rate, the lower the waste management costs become.
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10.2.1

10.2 INPUT DATA FOR THE SYSTEM

The input dua for the waste management system calculations in the WASTRAC and IMPACT

computer programs were derived from waste management technology analyses presented in Sections 4
through 8. The essential data for these calculatons have been consolidated and classified in
four series of tables referred to as data sheets in Appendix 10. A. These four series of
tables include

e Waste Treatment Data Sheets i

Waste Storage Data Sheets*

Deconinissioning Data Sheets Ie

e Unit Cost Data Sheets.
1

l

10.2.1 Waste Treatment Data Sheets

The wiste treatment data is compiled in a series of 33 data sheets in Appendix 10. A. An

index at the front of these data sheets provides a guide to their application indicating the fuel
cycle option that the data apply to and whether the treatment is a ref erence process or one of
the alternatives. The data sheets are classified by waste type, treatment alternative and fuel
cycle case.

The Waste Treatmect Data Sheets provide the following information:
the fraction of spent fuel radionuclides in each waste componente

the fraction of radionuclides released to the atmosphere during treatmente

volume of untreated and treated waste /MTHM including secondary wastese

the type of container used and its volumee

the number of treated waste containers /MTHM classified by surface dose category,e

lhe data relating to treated waste quantities contained in the Waste Treatment Data Sheets
are sumarized on Tables 10.2.1 through 10.2.4. Table 10.2.1 shows the container type, the
number of containers /2000 MTHM and the average surface dose rate for all treatment processes in
the reference system. Table 10.2.2 compares similar data for the alternative treatment with the
reference treatment for high-level waste and fuel residue (hulls and hardware). Table 10.2.3
compares treated waste quantities produced by minimum treatment of combustibles with incineration
of combustibles and compares cement immobilitation with bitumen immobilization of wet wastes and
incineration products. Table 10.2.4 compares the sam 2 processes for the MOX-ffP wastes.

10.2.2 Waste Storage Data Sheets

The waste storage data are tabulated on a series of 10 data sheets. An index in the front
of these tables provides a guide to the fuel cycle case to which they apply and indicates whether
the storage option is in the reference system or one of the alternatives. The information on

( these Waste Storage Data Sheets inicudes

the total radionuclide content of the waste being storede

the radionuclide release fraction to the atmosphere during storage.e
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.

TABLE 10.2.1. Packaged Wastes from Reference U and Pu Recycle System
(Wastes from Off-Gas Treatment as Well ';s TRU Wastes)

2000 MTHM(/)
Container

Treated Waste Container (3) Surface (b
se,

cR/hr

From FRP )

Vitrified HLW Canister (d) Very high 660 l

fuel residue Canis ter High 480

Failed equipment Canister 4 4

Drum 2 26 .

Canister 0.7 67
Drum 0.7 446 i

BoxI")
0.1 50

Box 6 x 10-4 10

Noncombustible Drum 31 0 400- 4

Drum (e)
7 1,940waste

Drum 0.6 6 <

Drum 0.5 1,500

DrumI
0.1 430

Drum *) 0.01 52 ;

Dissolver off-gas |
Krypton Gas cylinder 700 145 |
Silica gel Drum 265 2.4

Silver zeolite Drum 3 x 10-5 32 ,

Calcium carbonate Drum <1 x 10-5 1D

Cement imnobilized -

Wet waste Drum 280 2,526

Incinerator ash Drum 11 830

Incinerator Drum 0.05 2,230
scrub solution -

Filter media Drum 130 400
'

From M0X FFP

Failed equipment Box 5 x 10-5 20

Noncombustible Drum 1 x 10-3 394
waste

Cement immobilized
4incinerator ash Drum 2 x 10 1,070

and scrub solution
Wet waste Drum 1 x 10~4 584

Filter media Drum 0.01 50

a. Unless specified otherwise, cenister is 75 cm x 3 m, box is 1.2 x 1.8'x 1.8 m,
drum is a standard 55-gal drum,

b. Average surface dose rate of the containers within the given grouping. The
groupings are based on type of waste, on the container used to contain the
waste, on the location at which the waste is generated and on the dose class.
The dose classes used in this study are <0.2, 0.2-1,1-10 and >10 R/hr.

c. Based on MTHM reprocessed. The listed numbers therefore correspond to the
estimated annual outputs of a 2000 MTHM/yr FRP and a 400 MTHM/yr M0X FFP
respectively,

d. 30 cm x 3 m canister.
e. Contains waste originating in the Pu0 c nyersi n facility.

2

|

|

. - _ . . _ . . . ., . . . . _ . -- . . _ .
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TABLE 10.2.2. Packaged Wastes Resulting from Alternative HLW and
Fuel Residue Treatment Processes

Container /
Treated Waste Canister dia, cm(a) 2000 MTHM

Vitrified HLW 30 660

Calcined HLW 20 684

Fuel hulls and hardware 75 480
together

fuel hardware alone 75 84
'

Compacted hulls 75 198

Melted hulls 75 109

a. Canister length of 13 m in all cases

10.2.3 Decomissioning Waste Data Sheets

The Decommissioning Waste Data Sheets are similar to the Waste Treatment Data Sheets and

provide information on the TRU wastes resulting from decommissioning an FRP and a M0X-FFP. The
radionuclide content in the waste is expressed as a fraction of the amount present in the facility
at the time of decommissioning rather than a fraction of the activity in the spent fuel, and the
number of containers is expressed as the number per decommissioned facility rather than per MTHM.

10.2.4 Waste Management System Unit Costs

The unit costs for all of the waste management functions are tabulated in a series of 7
Unit Costs Data Sheets. It should be noted that all cost data in this system has been escalated
from mid-1976 dollar values used in the previous sections of this report to mid-1978 dollar
values using a factor of 1.17.

Each Unit Cost Data Sheet is identified by the applicable waste management step and fuel
cycle. The data sheets for waste treatment costs include information on:

* waste type

e source of the waste
e treatment alternative

container descriptione

unit cost in $/kgHM and $/ container for both reference and alternative treatments.e

For the waste storage costs, similar data are provided. Geologic repository cost data are also
similar but, in addition, geologic medium is specified.

The waste transportation costs are provided in somewhat different format. This information
inicudes:
* waste type

{ container descriptione

origin and destinatione

distance shippede

.
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TABLE 10. 2. 3. Packaged Wastes Resulting from Alternative Wet Waste and
Combustible Waste Treatment Processes at an FRP

Surface Container
Treated Waste Oose,R/hr(a) 2000MTHM({)

.

Cement Imobilization with Incineration of Combustibles
Immobilized i

Wet waste 280 2,526

Incinerator ash 11 830

Incinerator scrub solution 0.05 2,230

Filter media 130 400

Cement Immobilization with Minimum Treatment of Combustibles
Immobilized wet waste 280 2,600

Filters 140 2,900(c)

Combustible waste 6 6,480

0.6 720

3 x 10-3 12,000

Bitumen Immobilization with Incineration of Combustibles
Imobilized

Wet waste 1370 686

Incinerator ash 50 294

Wet waste 0.35 660

Incinerator scrub solution 0.24 830

Wet waste 0.13 42

Filter media 130 400

Bitumen Immobilization with Minimum Treatment of Combustibles
IInr.iobilized wet waste 1370 728

0.35 660 I

0.13 42

Filters 140 2,900(c)
'Combustible waste 6 6,480

O.6 720

3 x 10-3 12,000

a. Average surface dose rate of the containers within the given grouping,s

b. Container is 55-gal drum unless indicated otherwise.
c. Container is 80-gal drum. *

transportation mode, i.e., truck or rail*

unit costs in $/kgHM and $/ container.e

A consolidated summary of the reference system unit cost data for the four basic
fuel cycle cases is presented in Table 10.2.5.

}
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TABLE 10.2.4. Packaged Wastes Resulting from Alternative Wet Waste and
Combustible Waste Treatment Processes at a M0X FFP

Surface Contain r/
Treated Waste Oose,R/hr(a) 2000 MTHM b,c)

Ceme_nt Immobilization with Incineration of Combustibles
Innohllized

arator ash and 2 x 10~4 1,070
olution

1 x 10~4 584

+ <a 0.01 50

Cement Immobilization with Minimum Treatment of Combustibles

Immobilized wet waste 1 x 10~4 584

Filters 1 x 10 350(d)~3

Combustible waste 1 x 10-3 1.050

Bitumen Immobilization with Incineration of Combustibly
Immobilized

Incinerator ash and 4 x 10~3 70
scrub solution
Wet waste 2 x 10-4 460

Filter media 0.01 50

Bitumen Immobilization with Minimum Treatment of Combustibles
~4Immobilized wet waste 2 x 10 460

Filters 1 x 10-3 350(d)
Combustible waste 1 x 10-3 1,050

a. Average surface dose rate of the containers within the given grouping.
b. Based on MTHM reprocessed. 2000 MTHM reprocessed corresponds to 400 MTHM

M0X fuel fabricated in the reference system.
c. Container is 55-gal drum unless indicated otherwise,
d. Container is 80-gal drum.

.

1
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TABLE 10.2. 5. Waste Management Unit Cost Data Summary, $/kgHM

Fuel Cycle
Once- U-Only Recycle U and Pu

> through Pu to HLW Pu stored Recycle.
; (case 1) (case 2a) (case 2b) (case 3)

One year storage of spent fuel at FRP 12 12 12-

U Six-year cooling of spent fuel (a)_ 44 , , ,

*

Spent fuel packaging 17 - - -

All spent fuel shipping 51 19 19 19
.

Waste treatment at FRP(b) - - 67 67 67
InterimwastestorageatFRP(c) - 18 18 18

Waste treatment at MOX-FFP - - - 4

Interim waste storage at M0X-FFP(c) , , , )
1

FRP waste shipment to repository - 9 9 9
,

MOX-FFP waste shipment to repository - - - <1

Pu0 shipment to interim storage - - 1 -
2

Independent site Pu0 storage - - 19 -

2
Repository 52 56 42 48

'
Total 164 181 187 178

,

a. Comprised of 75% storage at reactor and 25% storage at IsFSF.
b. Includes 5-year SHLW storage and 50-year 85 r storage at the FRP.K

c. Required only when geologic repository is not available.

i Unit costs are summed together in this table for major categories of storage, treatment, trans-
portation, and final repository for each of four cases; Case 1, 2A, 28, and 3. Total unit cre 1
in the system calculation will vary from the total unit costs shown here, primarily because e
differences in storage requirements and differences that resu',t when discount rates are employed.

Three different interest or discount rates are used in the waste management system cost
analysh. All values in the cost analysi e in 1978 constant dollars and the rates are
intended to represent constant dollar or 5 interest rates. The rates are based on recenti

! average rates af ter consideration of the ei of inflation and risk premiums suitable for
investments in nuclear power waste managemes ilities. The three rates are:

| 1. Cost of money to the private fuel cycle stry, 10 !4%. This rate was used in development
of unit costs for waste treatment, transpo ition, and some storage facilities.

2. Cost of money to the federal government, 7 4 7%. This rate was used to develop the
unit costs for a final repository and some storage facilities.

3. Cost of money to the electric utility industry. This rate was used to calculate the
waste management equivalent power cost and equivalent fuel cost. Waste management costs
are assumed to be recovered from the consumers of the electricity at the time the electric
power is generated. The waste management costs to the utility are not incurred, however,

until some tifue later, and the money collected at the time of power sales can earn a
return for the utility, thus reducing power costs. -The appropriate interest or discount ;

L_ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ - _ - - - - - - - - - - - - - - - - _ - - - - - - - - - - - - - - - -- - - - - - -
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rate to be used here is the average real return to the utility after inflation and
excluding any additional risk premium. This rate is believed to lie between 0 and 7%, but
costs are also calculated using a 10% rate to show the effect of higher discount rates.

The uncertainty range in these discount rates was factored into the uncertainty range estimates
for the individual unit cost components. For a further discussion of the derivation of these
interest rates see Section 3.8.
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| 10.3.1

| 10.3 TOTAL SYSTEM WASTE QUANTITIES AND RADI0 ACTIVITY

This section describes the spent fuel logistics and total quantities of TRU waste processed
in the entire waste management system including the number of containers of each type of waste,
average radioactivity and heat generation rates. In addition, the total accumulation of radio-
activity in all repositories is identified and its decay is tracked over a million-year period.

10.3.1 Spent Fuel Logistics

Spent fuel logistics, i.e., movement and inventory accumulations are detailed in a series
of six tables-in Appendix 108.

Table 10.B.1 describes the spent fuel logistics for Case 1, the once-through fuel cycle.
It is assumed that 75% of the unpackaged spent fuel storage requirements can be accommodated
in existing nuclear power plant storage basins with 25% stored in large independent storage
facilities. A geologic repository is assumed to be available in 1985, at which time fuel that
is at least 6.5 years old is packaged and shipped to the repository. Initially the shipments
to the repository are restricted to the production from a single 2000-MTHM/yr packaging facility.
In the first and second years the packaging facility operates at one-third and two-thirds of
capacity, respectively. A second packaging facility is started up ih,.1990, after which deliveries
to repositories are limited by availability of 6.5-year-old fuel. The last nuclear power plant
is shut down in 2040 and the last fuel is delivered to a repository in the year 2047.

Table 10.B.2 describes the spent fuel logistics for the Case 2 and 3 reproces' sing fuel
cycles. Spent fuel logistics are identical for Cases 2A, 2B, 3A and 38. Reprocessing is assumed

to start in 1981 with a 1500-MTHM/yr plant operating at one-third and two-thirds capacity in the ;

first and second years respectively. A second reprocessing plant with a 2000-MTHM/yr capacity
starts up in 1985 at one-third and two-thirds capacity in the first and second years. Three
additional plants are started up, as spent fuel becomu available to sustain their operation, 1

in 1990,1997, an 2020. Replacement plants are started in 2013, 2015, and 2032 as earlier plants
shut down after a 30-year operating period. No more than five plants are ever operating at the
same time. The storage requirement for spent fuel is less than half the spent fuel storage
requirement in Case 1 and it is assumed that the spent fuel storage can all be accommodated in
nuclear power plant basins.

ITable 10.B.3 describes the spent fuel logistics for Case 4A where the decision to implement
the once-through cycle is deferred until the year 2000. Spent fuel packaging is initiated at the
same time as in Case 1 but the packaged spent fuel is sent to an extended storage facility such
as air-cooled vault or dry caisson facility rather than to a geologic repository. It is assumed
that a geologic repository becomes available some time prior to the year 2000 and that following
a decision to dispose of the spent fuel in the year 2000 the spent fuel can begin moving ime-
diately to the repository. Deliveries to the repository are restricted to 3,000 MT the first
year and reach a maximum handling rate of 12,000 MT/yr four years later. To avoid adding addi-
tional interim storage capacity, preference for delivery to repository is given to the freshly
packaged fuel; thus, the accumulated storage inventory of packaged spent fuel is reduced only
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'

|

|

slowly at first but is fully depleted by 2016. After this, repository deliveries match the

rate of spent fuel packaging. As in Case 1 the last fuel is delivered to repository in the

year 2047.

Table 10.B.4 describes the spent fuel logistics for Case 48 where the decision to implement
i tne uranium and plutonium reyccle fuel cycle is deferred until the year 2000. In this case,

dithough a repository may be ready in the year 2000, it is assumed that an additional 10 years
is required to construct and license a fuel reprocessing plant and begin deliveries of processing
TRU waste to the repository. As in Case 4A, it was assumed that spent fuel packaging would begin
in 1985 with packaged fuel placed in an extended storage facility for packaged spent fuel. Fol-
lowing a decision in the year 2000 to allow reprocessing, very large inventories of spent fuel
would accumulate before sufficient reprocessing capacity could be developed to reduce the accu-
mulated inventory. Because of an indicated cost advantage for some of the packaged storage con-
cepts, spent fuel packaging and storage as packaged spent fuel was assumed to continue for
20 years af ter the decision to reprocess in the year 2000. Starting in the year 2010, 2000-MTHM/yr

,

j reprocessing plants were assumed to start up at 2-year intervals until seven plants were operating

! in the year 2022. Spent fuel is processed on a first-in, first-out, basis from the packaged
spent fuel inventory. The packaged spent fuel inventory is depleted in the year 2032. Following
termination of a packaging operation in the year 2020, the inventory of unpackaged spent fuel
increases. It peaks in the year 2032, af ter which it is rapidly processed through the repro-
cessing facilities, with the last fuel reprocessed in the year 204S. There are clearly many
options to choose from in handling the storage and processing requirements in a scenario such
ds this one, in Case 48. It is unlikely that this particular scenario is the optimum one but

it serves to illustrate the impact of deferred reprocessing.

In the case of delayed availability of a repository to the year 2000 with an early decision
to dispose of spent fuel as a waste, the spent fuel logistics are identical to those described
for Case 4A in Table 10.B.3. In the case of a delayed repository with an early decision to per-
mit reprocessing, Case 38, the spent fuel logistics are identical to the reprocessing case
described in Table 10.B.2.

Table 10.B.5 describes the spent f uel logistics for the once-through cycle with the low-growth
nuclear power projection. This is similar to the Case 1 fuel cycle with the reference nuclear
growth projection except that spent fuel storage requirements and delivery rates to the reposi-
tory are reduced.

Table 10.B.6 describes the spent fuel logistics for the uranium and plutonium recycle with
the low-growth nuclear power projection. As in the reference reprocessing case, reprocessing
starts in the year 1981. However, the second reprocessing plant is delayed to 1986 and the
third reprocessing plant is delayed to 1997. The fourth plant is started up in the year 2008. ,

There is only a brief period of 2 years when four plants are operating, compared with a period '

of 11 years when five plants are operating (2003-2014) in the reference reprocessing case.
1

h



10.3.3 '

10.3.2 Waste Containers to Repositories

j The number of waste containers, the average activity in these containers, and the average

| heat generation rate of these containers are described in a series of 52 tables in Appendix 10C.
The tables are grouped by fuel cycle case and show annual quantities at 5-year intervals. For
each fuel cycle case, one table shcws annual and cumulative numbers of containers being sent to
the repository. A second table shows average radioactivity in these containers and a third
table shows average heat generation rates for these containers. A fourth table for the repro-

Icessing cases shows the number and type of TRU waste containers held in interim storage.

In the reprocessing cases four additional tables are provided to describe the high-level
waste container sizes, the number of containers, radioactivity, and heat generation rates, af ter
adjustment of container sizes to meet the thermal criteria limits in each of the four alterna-
tive geologic repository media. To meet the thermal criteria limit on high-level waste con-
tainers placed in geologic repositories (see Section 7.3), the quantity of high-level waste in
any one container is controlled by adjusting the size of the canisters.

Table 10.3.1 shows the total number of TRU waste containers, excluding the high-leve! waste

containers, sent to repositories in all nine fuel cycle cases. For the once-through cases with
the reference nuclear power, growth projection (Cases 1 and 4A), the total number of spent fuel
canisters is the same for both cases although the time of delivery is different. In the low- |

growth once-througn cycle case, the number of spent fuel canisters is proportional to the total
electric power generated or approximately 64% of the reference case. In the reprocessing cases,
except for the low growth case, there are only small differences between cases in the number of

'

non-high-level waste containers. The differences arise because:

in Case 2A, uranium only recycle with Pu0 in HLW, there is no conversion of Pu(NO )4e
2 3

Pu0 and the quantity of low-activity waste from that process is eliminated. j
2

in Case 2B, uranium-only recycle with Pu0 stored, there is a small amount of additionale
2

low activity waste for the Pu conversion operation but still less than in the plutonium
recycle case because there are no MOX FFP plant wastes.

Cases 3A and 38 produce identical quantities of waste. Only the timing of delivery toe

the repositories is different.

in Case 4B, deferred U and Pu recycle low-level wastes are reduced because the total amounte

of plutonium recycle is reduced since the nuclear power plants are shut down before the
plutonium can be recycled in quantities equivalent to Case 3A or 38.

the wastes produced in Case 3LG are proportional to the relative electrical energy gen-e

erated or approximately 64% of the wastes in Case 3A.

Tyle 10.3.2 compares the total number of high-level waste containers sent to repositories
ir, the [ix reprocessing cases for each of the geologic medium alternatives. The number of high-
level qste containers is roughly inversely proportional to the thermal limit on high-level waste
canistt's in each geologic medium. This relationship is r A cact, however, because the canister
sizes wsre varied in 2-inch increments, and generally, the adjusted heat rates with reduced cani-
ster si[gs were well below the thermal limits (See Table 7.3.3 for canister thermal load limits).

=
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TABLE 10.3.1. Total TRU-Waste Containers Sent to Repositories (Excluding HLW)

80 Gal
Spent Fuel Canister Canister 55 Gal Drum Drums Box

Case BWR FWR FRW 1-10 R/hr L.2-1 R/hr 10+ R/hr 1-10 R/hr 0.2-1 R/hr 0-0.2 R/hr 0-0.2 R/hr 0-0.2 R/hr
5 5

1 7.77 x 10 5.04 x 10
2 4 5 5 5 5 4 4

2A 9.07 x 10 7.59 x 10 1.27 x 10 7.95 x 10 3.73 x 10 3.66 x 10 6.82 x 10 2.69 x 10 1.13 x 10 ,

4 2 4 5 5 5 5 4 4
9.07 x 10 7.59 x 10 1.27 x 10 8.03 x 10 3.73 x 10 3.67 x 10 6.96 x 10 2.69 x 10 1.32 x 102B *

4 2 4 5 5 5 6 # 4
3A 9.07 x 10 7.59 x 10 1.27 x 10 8.03 x 10 3.73 x 10 3.67 x 10 1.21 x 10 2.69 x 10 1.80 x 10

4 2 4 5 6 5 6 4 4
38 9.07 x 10 7.59 x 10 1.27 x 10 8.03 x 10 3.73 x 10 3.67 x 10 1.21 x 10 2.69 x 10 1.80 x 10

,

5 54A 7.77 x 10 5.04 x 10
# 2 4 5 5 5 5 4 4

48 9.07 x 10 7.59 x 10 1.27 x 10 8.03 x 10 3.73 x 10 3.67 x 10 8.49 x 10 2.61 x 10 1.44 x 10
b 5ILG 4.95 x 10 3.22 x 10

4 2 3 5 5 5 5 4 4
3tG 5.78 x 10 4.84 x 10 8.11 x 10 5.12 x 10 2.38 x 10 2.34 x 10 8.25 x 10 2.69 x 10 1.21 x 10

Note: Case 1 = Once-Through
Case 2A = U-Only Recycle, Pu in HLW
Case 2B = U-Only Recycle, Pu Stored
Case 3A = U & Pu Recycle a

Case 3B = U & Pu Recycle, Delayed Repository .O
Case 4A = Once-Through, Delayed Repository or Deferred Decision y
Case 48 = U & Pu Recycle, Deferred Decision a
Case ILG = Low-Growth. Once-Through
Case 3LG = Low-Growth, U & Pu Recycle

5
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TABLE 10.3.2. Comparison of Total HLW Containers Sent to
Repositories for Four Different Geologic
Media

Geologic Medium
_ Case Salt _ Granite Shale Basalta

5 5 5 5 i2A 1.77 x 10 4.10 x 10 4.97 x 10 4.96 x 10
5 5 5 528 1.55 x 10 2. 79 x 10 4.84 x 10 4.71 x 10 1

5 5 5 53A 1.93 x 10 4.29 x 10 5.06 x 10 4.92 x 10
5 5 6 53B 1.96 x 10 3.77 x 10 5.10 x 10 5.00 x 10
5 5 5 548 1.25 x 10 2.04 x 10 3.06 x 10 2.74 x 10
5

3LG 1.12 x 10 !

Note: Case 1 = Once-Through
Case 2A = U-Only Recycle, Pu in HLLW
Case 2B = U-Only Recycle, Pu Stored
Case 3A = U & Pu Recycle
Case 3B = U & Pu Recycle. Delayed Repository
Case 4A = Once-Through, Delayed Repository or Deferred

Decision
Case 48 = U & Pu Recycle. Deferred Decision
Case lLG = Low-Growth, Once-Through
Case 3LG = Low-Growth U & Pu Recycle

10.3.3 Radioactivity in Repositories

Detailed tabulations of radioactivity accumulation in all repositories for the entire
waste management system and the decay of these accumulations over a million-year period are
shown in a series of 90 tables in Appendix 100. The tables are grouped by fuel-cycle case and
there are 10 tables for each case. The first five tables detail the radioactivity by fission
and activation products, by actinide nuclides, and by waste classifications. The next five
tables in each set detail similar information on heat generation from these radionuclides.

Tables 10.3.3 and 10.3.4 summarize the total fission and activation product and actinide
radioactivity in year 2000, 2050, and at increasing intervals thereaftet to one million years.
Tables 10.3.5 and 10.3.6 show parallel data on total heat accumulations in the repositories. i

For the seven cases employing the reference nuclear power growth projectica, there are only
very minor differences in total fission and activation product activity except in year 2000
where the effect of the delays in cases 3B, 4A. and 4B reduces the activity. This is because
there are .only very small differences in fission product and activation product yields from
uranium or plutonium fissioning. The activity for the two low-growth cases is proportional to
the energy generated or approximately 64% of the activity in the reference cases.

!
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TABLE 10.3.3. Total Fission and Activation Product Radioactivity Accumulations
in All Repositories, Ci

Year Geologic Time __ (Years Beyond 1975)

Case 2000 2050 1,000 10,000 100,000 1,000,000

1 1.24 x 10 5.04 x 10 8.24 x 10 7.58 x 10 5.51 x 10 1.09 x 10 j10 10 6 6 6 6

10 10 6 6 6 6 |
2A 1.04 x 10 4.95 x 10 8.44 x 10 7.65 x 10 5.52 x 10 1.13 x 10

10 10 6 6 6 6
2B 1.04 x 10 4.95 x 10 8.44 x 10 7.65 x 10 5.52 x 10 1.13 x 10

10 10 6 ~ 6 6 6
3A 1.03 x 10 4./4 x 10 8.29 x 10 7.53 x 10 5.46 x 10 1.11 x 10

9 10 6 6 6 6
3B 1.63 x 10 4.74 x 10 8.29 x 10 7.53 x 10 5.46 x 10 1.11 x 10

9 10 6 6 6 6
4A 1.79 x 10 5.04 x 10 8.24 x 10 7.58 x 10 5.51 x 10 1.09 x 10

10 6 6 6 6
4B --- 4.85 x 10 8.41 x 10 7.63 x 10 5.51 x 10 1.12 x 10 ,

10 10 6 6 6 5
ILG 1.02 x 10 3.07 x 10 5.25 x 10 4.83 x 10 3.51 x 10 6.93 x 10 ;

'

9 10 0 0 6 5 |
3LG 8.32 x 10 2.90 x 10 5.29 x 10 4.80 x 10 3.48 x 10 7.06 x 10

Note: Case 1 = Once-Through '
-Case 2A = U-Only Recycle, Pu in HLW
Case 2B = U-Only Recycle, Pu Stored
Case 3A = U & Pu Recycle
Case 3B = U & Pu Recycle, Delayed Repository
Case 4A = Once-Through, Delayed Repository or Deferred Decision
Case 48 = U & Pu Recycle Deferred Decision
Case l'_G = Low-Growth, Once-Through
Case 3LG = Low-Growth, U & Pu Recycle ,

TABLE 10.3.4. Total Actinide Radioactivity Accumulations in all Repositories, Ci

Year Geologic Time (Years Beyond 1975)
Case 2000 2050 1,000 10,000 100,000 1,000,000

9 9 8 8 6 >

1 3.27 x 10 9.90 x 10 5.97 x 10 1.52 x 10 1.35 x 10 5.99 x 10
9 10 8 8 7 6

2A 2.79 x 10 1.05 x 10 5.97 x 10 1.53 x 10 1,32 x 10 5.24 x 10
6 67 8 7 6 1.63 x 10 2.42 x 102B 9.73 x 10 4.34 x 10 6.33 x 10 7.11 x 10

8 9 8 7 6 6
3A 2.07 x 10 2.30 x 10 1.99 x 10 3.49 x 10 2.58 x 10 2.79 x 10

,

7 9 8 7 6 6
! 3B 4.21 x 10 2.30 x 10 1.99 x 10 3.49 x 10 2.58 x 10 2.79 x 10

8 9 8 8 7 6
4A 4.63 x 10 9.91 x 10 5.97 x 10 1.52 x 10 1.35 x 10 5.99 x 10

9 8 7 6 6
1.81 x 10 2.68 x 10 1.38 x 10 2.21 x 10 3.16 x 104B --

9 9 8 7 6 6
| ILG 2.68 x 10 5.94 x 10 3.80 x 10 9.68 x 10 8.60 x 10 3.82 x 10 ;

8 9 8 7 6 6
3LG 1.59 x 10 1.40 x 10 1.34 x 10 2.15 x 10 1.66 x 10 1.84 x 10

Note: Case 1 = Once-Through
Case 2A = U-Only Recycle, Pu in HLW ,

Case 2B = U-Only Recycle, Pu Stored
Case 3A = U & Pu Recycle
Case 3B = U & Pu Recycle, Delayed Repository
Case 4A = Once-Through, Delayed Repository or Deferred Decision
Case 4B = U & Pu Recycle, Deferred Decision ]

iCase ILG = Low-Growth, Once-Through
Case 3LG = Low-Growth, V & Pu Recycle

|

- _ _ __ _ _ _ _ _ _
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TABLE 10.3.5. Total Fission and Activation Pror.uct Heat Accumulations in 1

|all Repositories, Watts

| Year Geologic Time (Years Beyond 1975)
| Case 2000 2050 1,000 10,000 100,000 1,000,000

7 0 4 4 4 2
1 4.10' x 10 1.57 x-10 1.93 x 10 1,79 x 10 1.09 x 10 5.43 x 10

7 8 4 4 4 22A 3.50 x 10 1.55 x 10 1.91 x 10 1.77 x 10 1.'08 x 10 5,50 x 10
7 8 4 4 4 2

1 2B 3.50 x 10 1.55 x 10 1.91 x 10 1.77 x 10 1.08 x 10 5.50 x 10
7 8 4 4 4 23A 3.46 x 10 1,48 x 10 1.88 x 10 1,74 x 10 1.07 x 10 5.50 x 10
7 8 4 4 4 2

3B 5.78 x 10 1.48 x 10 1.88 x 10 1,74 x 10 1.07 x 10 5.50 x 10
6 8 4 4 24A 6.32 x 10 1.57 x 10 1.93 x 10 1.79 x 10 1.09 x 10 5.43 x 10

8 4 4 4 24B 1.52 x 10 1.91 x 10 1.77 x 10 1.08 x 10 5.49 x 10---

7 7 4 4 3 2lLG 3.37 x 10 9.59 x 10 1.23 x 10 1.14 x 10 6.94 x 10 3.46 x 10
7 7 4 4 3 2

3LG 2.78 x 10 9.03 x 10 1.20 x 10 1.11 x 10 6.81 x 10 3.51 x 10

Note: Case 1 = Once-Through
Case 2B = U-Only Recycle, Pu Stored
Case 3A = U & Pu Recycle
Case 3B = U & Pu Recycle, Delayed Repository
Case 4A = Once-Through, Delayed Repository or Deferred Decision
Case 48 = U & Pu Recycle, Deferred Decision
Case ILG = Low-Growth, Once-Through
Case 3LG = Low-Growth, V & Pu Recycle

TABLE 10.3.6. Total Actinide Heat Accumulations in all Repositories, Watts

Year Geologic Time (Years Beyond 1975)
Case 2000 2050 1,000 10,000 100,000 1,000,000

6 7 7 6 5 5
1 8.38 x 10 7.13 x 10 1.92 x 10 4.64 x 10 3.59 x 10 1.36 x 10

6 7 7 6 5 5
2A 7.93 x 10 9.34 x 10 1.92 x 10 4.68 x 10 3.57 x 10 1.24 x 10

6 7 6 5 4 4
28 2.09 x 10 1.19 x 10 1.96 x 10 1.64 x 10 3.69 x 10 5.75 x 10

5 4 46 7 6 7.93 x 10 6.36 x ~10 6.63 x 103A 4.93 x 10 6.97 x 10 5.81 x 10
6 7 6 5 # 4

3B 1.09 x 10 6.97 x 10 . 5:81 x 10 7.93 x 10 6.36 x 10 6.63 x 10
5 7 7 6 5 5

4A 8.84 x 10 7.13 x 10 1.92 x 10 4.64 x 10 3.59 x 10 1.36 x 10
7 6 5 4 4

4B --- 5.63 x 10 8.63 x 10 3.12 x 10 5.09 x 10 7.50 x 10
6 7 7 6 5 4

ILG 7.05 x 10 4.54 x 10 1.22 x 10 2.96 x 10 2.29 x 10 8.70 x 10
0 7 6 5 4

3LG 3.79 x 10 4.25 x 10 3.98 x 10 4.88 x 10 4.06 x 10 4.36 x 10

Note: Case 1 = Once-Through
Case 2B = U-Only Recycle, Pu Stored
Case 3A = U & Pu Recycle
Case 3B. = U & Pu Recycle Delayed Repository
Case 4A = Once-Through, Delayed Repository or Deferred Decision
Case 4B = U & Pu Recycle, Deferred Decision
Case ILG = Low-Growth, Once-Through
Case 3LG = Low-Growth, U & Pu Recycle

..

1
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More differences show up in the tabulation of total actinide radioactivity in Table 10.3.4
The explanation of the differences between cases in the year 2000 totals is complicated by the
fact that wastes from equivalent quantities of spent fuel have not been delivered to the reposi-
tories by that year in all cases. However, by the year 2050, essentially all wastes, except
for minor amounts of activity in the decommissioning wastes, have been emplaced in the reposi-
tories. l

l
IIn Cases 1 and 2A all of the plutonium in the spent fuel is included with the wastes and

the actinide activities in these two cases are closely similar. In Case 2B the plutonium is
stored separately, and the total actinide activity is down by a factor of approximately ten to
twenty relative to Cases 1 and 2A.

Except for the t.me at which the wastes are placed in the repositories, the actinide acti-
vities in Cases 3A and 38 are identical. Plutonium recycle in these cases increases the amount
of higher actinides in the wastes and the total actinide activity is only a factor of 3 or 4
less than in Case 1, although the initial plutonium content of the waste was approximately a
factor of 100 less than in Case 1 and 2A.

Except for time of delivery of the waste to the repository. Case 4A actinide activity is
identical to Case 1. However, in Case 48, because reprocessino starts much later than in Case 3,

| there is not time to recycle as much plutonium in the system as there was in Cases 3A and 3B,
I and the actinide activity is somewhat lower.
|

Actinide activity in Cases lLG and 3LG relative to Cases 1 and 3A reflect the differences|

I in energy production for these cases.i

Tables 10.3.5 and 10.3.6 show total heat accumulations in the repositories for fission
activation products and actinide elements respectively. The relative quantities of heat

I accumulations in these cases are roughly comparable to the radioactivity accumulations shown
in Tables 10.3.3 and 10.3.4. The initial heat generation rates are dominated by the fission
and activation product heat. Af ter 1,000 years, however, the heat generation rates are down
by a factor of 10 to 100, and heat generation is primarily actinide heat. After this

1,000-year period, the no-recycle cases generate about 2 to 5 times as much heat as the plu-
tonium recycle cases.

| To more clearly illu:.trate the differences between no-recycle and recycle radioactivity

| in these wastes, the ratio of radioactivity in the V and Pu recycle wastes relative to the
radioactivity in the once-through cycle wastes are shown in Tables 10.3.7 and 10.3.8, for
fission and activation product nuclides and actinide nuclides, respectively. Except for
tritium, and krypton-85, the activity ratios for the fission and activation product nuclides
are close to one, and reflect differences in fission yields for uranium and plutonium fission.
In Case 3, most of the tritium is released to the atmosphere during reprocessing, and only the
tritium retained in the cladding hulls is sent to the repositories, while krypton-85 is recovered
and stored separately. The data in Tables 10.3.7 and 10.3.8 shows how the higher activity of
the higher actinides compensates for the low activity of plutonium and the plutonium daughters.
In addition, the higher actinides decay to form plutonium isotopes so that af ter a time the |

plutonium activity ratios are substantially higher than when the wastes were initially placed
in the repository.

- _ _ _ _ _ _ _ _ - _ _ _ - - _ _ _ _ _ _ _ _ _ - _ _ _ - _ - _ _ _ _ - - _ - _ _ _ _ _ - - - - _ _ _ _ _ - _ _ _ _ - _ - - _ _ - _ _ _ _ _ _ _ _ _ - _ - - _ _ _ - _ _ _ _ _ _ _
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| TA8LE 10.3.7. Ratio of Fission and Activation Product Radioactivity in
i U and Pu Recycle Wastes to Similar Radioactivity in Once-

Through Cycle Wastes

| Actinides Geologic Time (Years _Beyond 1975)
| A_nd Daughters . Year 2070 1,000 10,000 100,000 ~~T,000,000

3
H .161 .160 -- --

I4
--

C 0.94 0.94 0.94 0.94 --

54
Mn 1.04 -- -- -- --

55
Fe .801 -- -- -- --

60
00 .913 -- -- -- --

59
Ni .860 .861 .865 .863 .864

03Ni .863 .862 .861 -- --

Se .947 .946 .949 .947 .948
85 gp ,, ,, ,, ,, ,,

87
Rb .884 .884 .884 .884 .884

90Sr, 90Y .870 .872 -- -- -- I

932r, 93mNb .992 .992 .984 .983 .987
99

Tc .990 .992 .991 .991 .989
.

106Ru, 106Rh 1.13 -- -- -- --

107
Pd 1.26 1.26 1.26 1.26 1.26 |

II0"Ag 1.36 -- -- -- --

113m
Cd 1.96 1.96 -- -- --

125Sb,125he 1.20 -- -- -- --

126Sn. 126Sb 1.17 1.18 1.17 1.17 1.18
129

1 1.07 1.07 1.08 1.07 1.0/
134

Cs .981 -- -- -- --

135
Cs 1.28 1.27 1.27 1.28 1.27 I

137Cs, 137Ba .994 .994 -- -- --

144Ce, I 4Pr .994 -- -- -- --

147
Pm .981 -- -- -- --

151
Sm 1.07 1.07 1.07 -- --

152
Eu 1.71 1.71 -- -- --

1154
Eu 1.18 1.18 -- -- --

l
.

155
Eu 1.17 -- -- -. --

'

Other .824 -- -- -- --

Overall Ratio .945 .976 .982 .991 1.02

.

.

y- - rd - m e



10.3.10

TABLE 10.3.8. Ratio of Actinide Radioactivity in U and Pu Recycle Wastes to
Activide Radioactivity in Once-Through Cycle Wastes

Actinides Geologic Time (Years Beyond 1975)
And Daughters Year 2070 1,000_ 10,000 100,000 1,000,000

245
Cm 19.1 19.2 19.3 19.2 --

244
Cm 11.4 11.5 j-- -- --

243
!Cm 2.66 2.64 -- -- --

242
Cm 8.17 8.18 8.17 -- --

243Am, 239Np 5.29 5.27 5.28 5.26 --

242m 242g Am 8.18 8.17 8.18 -- --

241
Am .428 .398 19.1 19.2 --

242
Pu .0379 .0408 .0408 .0408 .0408

241
Pu .0266 19.30 19.22 19.2 19.6

240
Pu .0750 .0851 .0851 .0851 --

.

239
Pu .0149 .0210 .0655 .123 .124

238
Pu .0575 1.46 8.16 -- --

|
236

Pu 6.38 -- -- -- --

237Np, 233Pa 1,57 .855 .785 .790 .789
238g, 234Th. 234mPa .00822 .00822 .00822 .00825 .00825
236

U .0116 .0151 .0310 .0381 .0380
35U, 231Th .00784 .00794 .0119 .0358 .0378

234
U .0175 .0469 .0477 .0457 .0186

33
U .847 .981 .799 .787 .789

232
U 7.14 7.15 7.16 -- --

31
Pa .663 .0876 .0165 .0314 .0377

Th .111 .0428 .0474 .0468 .0221 |230

229 !Th. 7 Daughters .607 1.05 .056 .787 .788
228Th. 6 Daughters 7.14 7.10 .0131 .0146 .0149
227Ac, 7 Daughters. .775 .088 .0165 .0314 .0377
232Th, 2 Daughters .0122 .0118 .0131 .0146 .0149
226Ra, 5 Daughters .188 .0425 .0474 .0466 .0220
210Pb, 2 Daughters .230 .0423 .0471 .0466 .0221

Overall Ratio .277 .333 .230 .191 .466

_-
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|

10.4 COMPARISON OF SUBSYSTEM COSTS OF WASTE MANAGEMENT ALTERNATIVES

This section compares the costs of waste management alternatives on the basis of complete
subsystem costs. Subsystem costs are defined here as all of the costs incurred in the manage-

, ment of a specific type of waste from treatment through final disposal. Cost comparisons on a
subsystem basis allow a more comprehensive comparison of the cost differences between alterna-
tive treatment processes.

Subsystem unit cost calculations are developed for management of spent fuel as a waste in

the once-through cycle and for management of the TRU wastes produced in the uranium-plutonium
recycle fuel cycle. The subsystem costs take into account the differences in treatment costs
and the effect that dif fering waste volumes resulting from treatment have on transportation

j
costs, interim storage costs, and final repository costs. All transportation costs of waste '

requiring shipping casks or overpacks are calculated on a roundtrip basis. All subsystem costs
are calculated here assuming final isolation in a salt formation repository.

The subsystem costs are aeveloped here on a steady-state basis and, for major subsystem
1

alternatives, as average unit costs over the life of the entire nuclear power system. In the
latter case, costs are presented both as average costs at a 0% discount rate and a levelized ;

cost using 7% discount rate. The discount effect becomes quite significant in the delayed
repository cases because of the long delay between generation of power and expenditure for I
some of the interim storage costs and the transportation to the repository and the final reposi-
tory charge itself.

i

l

10.4.1 Waste Management Costs for Once-Through Fuel Cycle Systems

If spent fuel is treated as a waste instead of being reprocessed, the only waste requiring
geologic isolation is the spent fuel itself. Therefore, the subsystem cost is identical to the
system cost for the once-through fuel cycle. The waste management system for the reference
once-through fuel cycle (Case 1) includes the following steps:

truck and rail transportation for spent fuel from the reactor to an interim spent fuele

storage basin
I

interim storage for six years for decay cooling (75% storage in reactor basins and 25% ie

storage in federally owned ISFSFs is assumed)

packaging of spent fuel assemblies in canisters (federal facility assumed for referencee

case) )
rail transportation to a geologic repository !

e

isolation in a federal repository in salt. j*

A delayed repository scenario (Case 4A) assumes the same steps as above except that extended

; storage in a dry caisson storage facility until the year 2000 is provided after packaging.
I !

| An alternative in both scenarios is private industry ownership of the interim storage
and packaging facilities. Sections 5.7. 6.2 and 7.4 contain descriptions of spent fuel storage,
packaging, transportation and geologic repository facilities, respectively.

|
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.

Table 10.4.1 shows the steady-state system costs for two ownership alternatives for the
two cases:

once-through cycle (Case 1) with 1) private or 2) federal ownership of storage basins and*

packaging facilities

delayed repository (Case 4A) with 1) private or 2) federal ownership of the independente

storage basins and the packaging facilities.

TABLE 10.4.1. Steady-State System Unit Costs for Once-Through fuel
Cycle Alternatives, $/kgHM

Case 1 Case 4A
Earl Delayed Repositor,y

Private (yRepositoryFederal(bJPrivate (a f Federalal

6-yr Decay Cooling
Storage of (UrtpackagedSpent Fuel '1 56 39 56 39

Spent Fue! Packaging 29 18 29 18

Rail Transport to Offsite
Extended Federal Storage -- -- 23 --

Independent Site Receiving
Facility (d) -- -- 10 --

Ory Caisson Extended Stora e -- -- 22 22

All Other Transportation (* 51 51 51 51

Federal Repository 52 52 52 52

Total 188 +25% 160 +25% 243 +20% 182 +20%

a. Private industry receiving and packaging at one site and federal receiving and
storage (or repository) at another site.

b. All federal facilities located at one site separate from the repository site
(Reference assumptions),

c. Assumes 75% storage in reactor basins and 25% storage in ISFSFs.
d. A separate federally owned receiving facility at the extended storage site is

required to receive of fsite shipments of packaged spent fuel from a private
packaging facility.

e. Consists of: transportation to decay cooling storage assuming 90% rail and
10% truck shipment and packaged fuel transportation from interim storage to
repository.

The system costs of private storage and packaging are larger than those of federally owned
feuilities due to tax costs, the assumed higher costs of capital, and in the case of a delayed
repository, the extra transportation and receiving steps. Delaying disposal of the spent fuel
until the year 2000 increases the costs 22-55 $/kg or from 10 to 20%, depending on ownership

of the facilities.

Table 10.4.2 shows average and levelized unit costs over the entire system life for the
once-through fuel cycle alternative. The unit costs are shown both as equivalent power costs
in mills /kW-hr and unit fuel tosts $/kgHM, The unit fuel cost at 0% discount rate is a little

1
1
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TABLE 10.4.2. Average and Levelized Unit Cost Over System
Life for Once-Through Fuel Cycle Alternatives

Power Cost, mills /kWh Fuel Cost, $/kgHM
'% Discount 7% Discount 0% Discount 7% Discount0

i Rate Rate Rate Rate

Early Repository (Case 1) '

Federal Alternative 0.73 0.45 170 117

Private Alternative 0.88 0.55 206 143

Delayed Repository (Case 4A)

Federal Alternative 0.74 0.42 172 110

Private Alternative 0.97 0.57 227 149

Maximum Variation
for Extended
Storage Alternatives +0.01 +0.01 +2 +4

|

l

higher than in the steady-state case shown in the previous table. This is because there is
a small increase in storage requirements beyond the required 6 years required for cooling

;

because of the early limitation on spent fuel packaging rates. The 7% discount rate reduces
both the total unit costs and the difference between private and federal ownership of packaging
and storage facilities.

|
In the delayed repository cases the average unit cost at 0% discount rate is a little less

than in the steady-state system cost calculation. This is because not all of the spent fuel
must incur the extended storage costs. The last item on Table 10.4.2 shows the maximum varia- j
tion resulting from use of other storage alternatives besides the dry-caisson concept. These
other alternatives include packaged fuel storage in water basins, air-cooled vault or sealed
cask facilities. Use of any of these alternatives results in only a small increase in the
total system unit cost.

10.4.2 Waste Management Costs for Reprocessing Systems
J
l

The following section compares subsystem costs for waste management alternatives in the
uranium-plutonium recycle fuel cycle. In addition, costs are shown for the interim plutonium
norage subsystem that would be required for a uranium-only recycle fuel cycle with plutonium
storage.

The high-level waste subsystem is further divided into two components: cooling and solidi-
fication. Alternatives for each of these components are analyzed separately.

HLW Decay Cooling Costs. The alternatives for high-level waste decay cooling are tank .
storage of liquid waste and water basin storage of solidified waste discussed in Sections 5.1 |

!
|. and 5.4.1, respectively. The unit costs for these alternatives for 5-year storage are shown

in Table 10.4.3.

,

_ _ - _ .
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TABLE 10.4.3. Cost Comparison of Alternatives for 5-Year
HLW Decay Storage

$lk _HM ProcessedAlternative 3
Tank Storage of Liquid Waste 42.10 1 30%
Water Basin Storage of Solidified Waste 9.10140%

The cost of cooling the waste as'a liquid is about four and a half times that of cooling
it as a solid, mainly because of the high capital costs associated with liquid waste tanks.
Because of the substantial cost advantage for solidified HLW storage, this method of storage is
assumed for the HLW management system cost analysis.

HLW Solidification Subsystem Costs. The HLW solidification alternatives considered in
this study are vitrification and calcination. These alternatives are discussed in detail in
Sections 4.1.1 and 4.1.2, respectively. After solidification, the HLW is assumed to be shipped
1500 mi by rail in HLW shipping casks to a federal geologic repository for disposal. Ta,le 10.4.4
compares the steady-state subsystem costs for the two treatment alternatives.

TABLE 10.4.4. Steady-State Subsystem Cost Comparison of HLW
Solidification Alternatives, $/kg HM Processed

Solidification Alternative
Cost Element Vitrification Calcination

Treatment 10.40 13.00

Decay Storage 9.10 9.10

Loadout Facility 4.70 4.70

Shipping 3.30 3.30-

Repository 23.90 23.90

Total 51.40 + 25% 54.00 + 25%

The higher calcination treatment costs are an.ributable primarily to larger equipment required I

to handle the larger volume of off-gases produced in the fluid bed calcination process.

To accommodate the allowable heat limits at the repository HLW canisters with diameters |
ranging from 6 to 12 inches were used to control the amount of solidified HLW in each canister.
For the reference salt repository and U-Pu recycle, vitrification treatment costs are based on
25% 12-in. diameter canisters and 75% 10-in. diameter canisters. Treatment costs for 10-in.
diameter canisters are estimated to be 1.25 times higher than for 12-in. canisters (see Sec-

| -tion 4.1.10). Calcination treatment costs are based on25% 8-in, diameter canisters and 75% '

l
; 7-in. diameter canisters. Treatment costs for the smaller diameter calcination canisters are

estimated to be 1.16 times higher than for the reference 8-in. canisters based on the cost
~ ire htionship in'Section 4.1.10 and a factor for k of 0.4. The repository cost for disposing

of ~ vitrified HLW is based on the cost given in Section 7.5.10. The disposal cost for calcined
,

HLW assumes the same disposal cost per canister as for vitrified waste. The 5% higher system I

l cost for calcination is not too significant considering the 25% overall uncertainty.

1
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The container sizes and costs per kg HM will vary depending on repository thermal limits
and this may result in some variation in the relative costs for the two processes. ,

_ Fuel Residue Waste Subsystem Costs

fuel residue waste consists of cladding hulls and fuel assembly hardware. The alternative
treatment processes for treating cladding hulls are packaging without compaction, mechanical
compaction and melting. These alternatives are described in Section 4.2.

The compaction and melting alternatives reduce the waste volume to about 50% and 23% of
the untreated volume, respectively. The assembly hardware is packaged without compaction and
has no alternative treatment. Following treatment, the waste containers are assumed to be
shipped 1500 mi by rail to a federal geologic repository for disposal.

The total numbers of fuel residue waste containers generated per metric ton of heavy metal

processed are:

Treatment Option

Packing without compaction 470

Mechanical compaction 282

Mel ting 174

The steady-state subsystem costs for these three alternatives are shown in Table 10.4.5.

TABLE 10.4.5. Steady-State Subsystem Costs of Fuel Residue
Waste Management, $/kg HM

Treatment Alternatives
Packaging Without Mechanical

Cost Element Compaction Compaction Melting

Facility Cost 4.90 4.60 5.10 |
I

Shipping Cost 3.50 2.00 1.40

Repository Cost 2.80 1.60 1.20

Total 11.20 + 25% 8.20 + 25% 7.70 + 25%
i

The mechanical compaction and melting alternatives cost approximately the same on a systems
basis. The lower shipping and repository costs of the melting alternative, which results from
greater volume reduction in the melting process, make up for the higher facility costs of the
melting alternative. Both mechanical compaction and melting appear to have a 3-4 $/kg HM cost
advantage over packaging without compaction because of savings in transportation and disposal

costs.

Failed Equipment and Noncombustible Waste Subsystem Costs

Treatment of failed equipment and noncombustible TRU waste consists of decontamination,

disassembly and packaging of equipment, and packaging of noncombustible wastes. The treatment

is described in detail in Section 4.3. These wastes are assumed to be shipped by both rail

and truck in appropriate containers to a federal geologic repository for disposal. The unit
costs of this subsystem are shown in Table 10.4.6 for wastes generated at both the FRp and the

j

M0X-FFP facilities.

-r---, , re- g w m.s -m- - - . 5-i. + p
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TABLE 10.4.6. Steady-State Subsystem Unit Costs of Failed Equipment
and Noncombustible Waste Management, $/kg HM Processed

Cost Elemen FRP(2,000MTHM]yd MOX-FFP (400 MTHM/yr)(a)

Facility 4.20 2.90
Shipping 1.20 .10
Repository 10.50 1.40 j

Total 15.90 + 35% 4.40 + 40% j

a. To convert to $/kg HM reprocessed, divide by 5.

Combustible and Compactable Waste Treatment Subsystem Costs

Alternative TRU combustible waste treatments consist of packaging only (minimum treatment),
or incineration with subsequent immobilization of the ash and concentrated scrubber solutions.

These treatments are described in detail in Sections 4.4 and 4.7. Following treatment, the
wastes are shipped by truck to a federal geologic repository for disposal.

Because the ck ice of immobilization process also af fects the volume of immobilized waste
(bitumenization evaporates excess water thus reducing the immobilized waste volume), and conse- |

quently affects transportation and storage costs, three alternatives are shown: 1) incineration
followed by cementation (reference), 2) incineration followed by bitumenization and 3) packaging
only (minimum treatment). Immobilization subsystems are compared in the next section.

Combustible and compactable wastes are generated at both the FRP and M0X FFP. The subsys-
tem costs for the above alternatives are presented first for the FRP and then for the MOX FFP. '

The number of containers of waste generated at the FRP for the three alternatives above
,

are shown in Table 10.4.7. Subsystem unit costs for the alternatives are presented in
Table 10.4.8.

!

,

TABLE 10.4.7. Number of Waste Containers Generated Annually at a 2000 MT/yr
FRP for Alternative Treatments of TRU Combustible Waste

; Treatment Alternative
incineration and Incineration and Packaging Without

'

Container Type _ Cementation Bitumenization Treatment
55-gal Drums 3,460 i,520 19,200
80-gal Drums -- -- 2,900 '

'
<

!

!
! '

,

i

I
'

|
!

|
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TABLE 10.4.8. Steady-State Subsystem Unit Costs of Combustible and Compactable TRU
Waste Management Alternatives at a 2000 MT/yr FRP, $/kg HM Processed

,

Treatment Alternative
incineration and Incineration and Packaging Without

Cost Element Cementation Bitumenization Treatment

Treatment 3,40 3.40 3.30

Solvent incineration (a) - - 1.40

IDI 1.30 1.10 -Immobilization
Shipping 0.60 0.40 2.70

Repository 3.70 3.40 27.50

To tal 9.00 + 25% 8.30 + 25% 34.90 + 40%

a. The packaging without treatment alternative requires an incinerator to burn the~

degraded solvent.
b. Allocated portion of immobilization cost. .See Table 10.4.11, footnote (a).

The subsystem cost for packaging without treatment is about four times more than the j

subsystem costs for incineration because of the large number of drums that must be shipped and f

isolated in a repository. Even with an uncertainty range of $14.00 in the packaging without
treatment alternative, the incineration alternatives have a clear cost advantage over packaging

,

without treatment at a 2000-MT/yr reprocessing plant.

Tables 10.4.9 and 10.4.10 tabulate the number of containers and the subsystem unit costs
for combustible and compactable waste treatment alternatives at a 400-MT/yr M0X-FFP.

TABLE 10.4.9. Number of Waste Containers Generated Annually at a
400 MT/yr M0X-FFP for Alternative Treatments of
Combustible Waste

Treatment Alternative
Incineration and Incineration and Packaging Without

Container Type Cementation Bitumenization Treatment j

55-gal Drums 1.120 120 1.050 l

35080-gal Drums ----

T ABLE 10.4.10. Steady-State Subsystem Unit Costs of Combustible ;

and Compactable Waste Treatment Alternatives at
a 400-MT/yr M0X-FFP, $/kg HM Processed (a)

Treatment Alternative
Incineration and Incineration and Packaging Without

1

Cost Element Cementation Bitumenization Treatment
I

Treatment 5.00 5.00 2.10

Immobilization 6.10 1.20 -

Shipping .20 .02 .20

Repository 2.60 .23 3.30

Total 13.90 + 20% 6.45 + 30% 5.60 + 30%

a. To convert to cost per kg HM reprocessed, divide by 5.

. - _ . . , _ __.
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|

| The conclusions regarding cost effectiveness of incineration at a M0X FFP are substantially
1

different from those at an FRP. The number of waste drums generated in the packaging without.

.

treatment alternative is much smaller at a M0X FFP than at an FRP; therefore, the shipping and
] repository costs for M0X /FP combustible'and compactable waste are small relative to the treat- ;
} ment costs. Taking into account the uncertainties shown, packaging without treatment and bitu-

men immobilization have comparable costs and appear to have a cost advantage over the cement
incineration alternative. Equipment to concentrate the incinerator solution could be added to

,

the M0X FFP facility to further reduce the number of waste drums generated in the i*,cineration
process. However, this would not alter the present conclusions (and may even bv disadvantageous
depending on the equipment cost) since shipping and repository costs are already quite smell

and further reduction in these costs would have little effect on the overall cost differences.

Immobilization of TRU_ Wet Waste and Incinerated TRU Waste Residue Subsystem Costs
.

Wet wastes, incineration ashes and scrubber solution (if combustibles are incinerated) are
immobilized at the FRP and M0X FFP before truck shipment to a repository. The alternative f

treatments are cement or bitumen immobilization. The treatments are described in detail in
1

Section 4.7. In this section, subsystems at an FRP are discussed first, followed by subsystems
at a M0X FFP. '

The number of immobilized waste ,.untainers generated and subsystem unit costs of immobili-
i

zation at a 2000-MT/yr FRP are presented in Tables 10.4.11 and 10.4.12, respectively.

TABLE 10.4.11. Number of 55-gal Drums of Waste Immobilized Annually 5
at a 2000-MT/yr FRP

,

Immobilization Alternative
Cementation Bitumenization LIncinera ted '~ITe t Incinerated Wet

|Treatment Option Waste Residue Waste Total Waste Residue Waste Total !
Incineration of Combustibles 3,060 2,530 5,590 1,120 1,390 2,510
Packaging of Combustibles
Without Treatment 2,530 2,530 1,390 1,390-- --

:

As shown in Table 10.4.11, the bitumen process generates only half as many waste drums as i

the cement process because of volume reduction via evaporation. The corresponding reductions !

in transportation and repository costs for incineration amount to $3.70 kg/HM or about 30% of 1

the total cementation subsystem cost. The bitumen process at the FPP has a cost advantage '

over cementation, but the ranges of uncertainty overlap. If combustibles are packaged without ;
i

treatment, fewer drums are treated in the immobilization facility and the shipping and reposi-
tory cost differential inherent in the bitumen process is reduced, but not enough to signifi-

.

cantly alter the probable advantage for bitumenization.
!
!

I
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TABLE 10.4.12. Steady-State Subsystem Unit Costs of Immobilization Treat-
ment Alternatives at a 2000-MT/yr FRP, $/kg HM Processed

| *
Immobilization Alternative

Cementa tion Bitumenization i
Incinerated Wet Incinerated Wet

Cost Element Waste Waste Total Waste Waste Total
Incineration of

,

|Combustibles i

Treatment 1.30(a) 1.00(a) 2.30 1.00 ") 1.30(#) 2.30I

Shipping 0.40 0.90 1.30 .10 .40 .50 |
1Repository 2.80 5.50 8.30 2.50 2.90 5.40 |

Total- 4.50 7.40 11.90 _+ 35% 3.60 4.60 8.20 _+ 35% I_

Packaging of I
Combustibles |

Without Treatment
Treatment -- 2.30 2.30 -- 2.30 2.30
Shipping 1.10 1.10 -- .40 .40--

Repository -- 5.60 5.60 -- 3.00 3g
Total 9.00 9.00 + 35% 5.70 5.70 + 30%

a. Treatment costs are allocated to waste type according to the number of drums of waste
produced.

The number of waste drums produced annually and the subsystem unit costs of immobilization
alternatives at a 400-MT/yr MOX FFP are given in Tables 10.4.13 and 10.4.14.

TABLE 10.4.13. Number of 55-gal Orums of Waste Immobilized Annually
at a 400-MT/yr M0X-FFp

Immobilization Alternative
Ceme _tation Bitumenization

Incinerated Wet Tncinerated Wet
Treatment Option Waste Waste Total Waste Waste Total
incineration of
Combustibles 1.070 580 1,650 70 460 530

Packaging of -

Combustibles
Without Treatment -- 580 580 460 460--

As shown in Table 10.4.13. the bitumenization process substantially reduces the number
of waste containers of incinerated waste residue but has a lesser effect on reduction of wet
waste volume. Table 10.4.14 shows the effect on transportation and repository costs. Thea

' - reductions in transportation and repository costs amount to $2.15/kg HM or 20% of the total
cementation subsystem cost. However, since the uncertainty is about $3.00/kg HM, the cost
advantage for bitumenization is not clear cut. If combustibles are packaged instead of incin-

| erated, the volume reduction effect of bitumenization is negligible and immobilization costs
i for both alternatives are the same.

- . _ . .
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TABLE 10.4.14. Steady-State Subsystem Unit Costs of Immobilization Treatment
Alternatives at a 400-MT/yr M0X FFP, $/kg HM Processed (a)

Immobilization Alternative
Cemen ta tion Situmenization

Incinerated Wet Incinerated Wet
Cost Element Waste Waste Total Waste Waste Total

,

Incinera tion I
of Combustibles )

Treatment 6.10(b) 3.30(b) 9.40 1.20(b) 8.20(b) 9.40
Shipping .20 .10 .30 .02 .10 .12

Repository 2.50 .20 2.70 .13 .20 .33

Total 8.80 3.60 12.40 + 30% 1.35 8.50 9.85 + 30%

Packaging of
Combustibles
Without Treatment

Treatment -- 9.40 9.40 -- 9.40 9.40

Shipping -- .10 .10 -- .10 .10

Repository -- .20 .20 -- .20 .20

Total 9.70 9.70 1 35% 9.70 9.70 1 35%

a. To convert to cost per kg HM reprocessed, divide by 5.
( b. Treatment costs are allocated to waste type according to the number of drums of
| treated waste produced.

i
i

Dissolver Off-Gas Treatment Alternative Subsystem Costs

The dissolver of f-gas treatment alternatives are sequential treatments to remove specific
|

t gaseous elements. Four alternatives are considered:

o renoval of iodine and ruthenium
o removal of iodine, ruthenium and carbon-14

removal of iodine, ruthenium and krypton*

removal of iodine, ruthenium, carbon-14 and krypton.e

For the first two alternatives, the system consists of separation and packaging, transpor-
tation by truck and disposal in a federal repository. The system for the other two alternatives
is similar except that the krypton gas is bottled and stored in a special storage facility at
the FRP. A detailed discussion of the treatment alternatives is found in Section 4.9. Section 5.6
describes the krypton storage facilities.

The subsystem costs of the treatment alternatives are given in Table 10.4.15.

The waste shipment and repository costs are negligible compared to the treatment costs

for all of the systems. The alternatives that recover krypton are much more expensive, mainly
,

because of the cost of the bottled gas storage facility. However, if krypton recovery is
elected, the added cost for recovery of the carbon-14 is insignificant.

I
i

!

|

|
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TABLE 10.4.15. Steady-State Subsystem Unit Costs of Dissolver
Off-Gas Treatment Alternatives, $/kg HM

Treatment Alternatives
Ru, I Ru, I, " C Ru, I, Kr Ru, I,I4 , KrC

>

Cost Element Recovery Recovery Recovery Recovery

Treatment 2.00 3.20 6.00 6.10

Kr Storage -- -- 16.40 16.40

Waste Shipment .032 .002 .002 .002

Repository .017 .0210 .017 .0210

Total 2.02. + 40% 3.22 + 40% 22.42 + 30% 22.52 + 30%

Plutonium 0xide Management Subsystem Costs _
'

If spent fuel is' reprocessed and plutonium is recovered without immediate recycle, the
plutonium may be stored in onsite facilities or shipped offsite and stored in federally owned
facilities. For this study, costs were based on storage of Pu0 in the FRP-related facili-

2
ties for 10 years or storage of the total system Pu0 in a central federal facility until the

'

2
year 2000. Since most of the unit cost is attributable to capital charge: storage for longer .

periods would not significantly increase the unit storage cost. Material flows for FRP-related
storage were based on a 2000-MT/yr FRP. Material flows for a central facility were based on the
reference nuclear power projection of 400 GWe in the year 2000. Additional details on the
facilities and material flows are given in Section 5.5.

The subsystem unit costs for the above facilities are shown in Table 10.4.16. Unit costs I

for centrally located, federally owned facilities are lower than onsite storage costs because
of a lower cost of money and no tax costs. The additional cost of transportation to an offsite +

facility is small compared with the differences in basic storage cost.
,

TABLE 10.4.16. Subsystem Unit Costs of Plutonium Storage
Alternatives, $/kg Uranium Processed

30-MT Facilities 200-MT Facilities 200-MT Central
Adjacent to FRP Adjacent to FRP Federal Facilities

0.80Shipping (1500 Mi) -- --

Storage 33.70 46.40 22.50

Total 33.70 1 20% 46.40 + 30% 23.30 1 25%

The 200-MT facility at an FRP is not cost effective relative to a 30-MT facility because
tro much storage capacity is unused for some time af ter construction. It is more cost effective
to construct storage capacity as it is needed. ,

Levelized Subsystem Unit Costs Over Entire System Life

The average unit costs and the levelized unit costs employing a 7% discount rate over the
life of the entire nuclear power system are presented here for major subsystem alternatives and

alternative combinations in the uranium and plutonium recycle fuel cycle. The system computer
simulation was used to develop the comparisons. Comparisons are presented for four categories

of wastes:

. _ . , - _ _ _._ _ __
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high-level waste*

o fuel residue waste
e intermediate and low-level TRU waste
e gaseous wastes.

The system calculations do not include the treatment or management of any decommissioning wastes,
|

which would have only a very minor impact on the results shown here. Table 10.4.17 shows the )
alternatives considered for the four waste types and the total number of containers sent to
repositories in each of the alternatives. The intermediate- and low-level TRU waste category
includes all of the wastes from failed equipment and noncombustible wastes as well as the
immobilized combustible and wet wastes. Th; gaseous waste treatment includes dissolver off-gas
treatment and the vessel off-gas and the atmospheric protection systems.

Table 10.4.18 shows the average subsysten unit costs and levelized unit costs using a 7%
discount rate for the major waste managenent alternatives in the uranium and plutonium recycle
fuel cycle. The high-level waste treatment unit costs are somewhat higher than those shown
previously because in the total system the HLW waste canisters average somewhat smaller size
than was assumed in the previous calculation. This increases both treatment costs and final

repository costs. The table shows both fuel costs in $/kg and unit power costs in mills /kW-hr.
It can be seen from comparison of the equivalent power costs for the alternatives that:

selection of either HLW treatment alternative does not affect power costs by more thano

0.01 mills /kW-hr

the variation between the fuel residue treatment alternatives does not affect power costse

by more than 0.02 mills /kW-br

the largest impact of alternative waste treatnent alternative selection is in the manage-*

ment of intermediate- and low-level TRU wastes where dif ferences as large as 0.1 and
0.15 mills /kW-br can be observed.

selection of the gaseous waste treatment alternative can af fect the power costs by up toe

0.1 mills /kW-br.

l
|

|

|

|

|

1
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TABLE 10.4.17. Total Containers Sent to Repository for Waste Management
Alternatives-in the Uranium and Plutonium Recycle Fuel
Cycle

Intermediate Intermediate Low-level Low-Level
High-level Fuel Residue Level Maste Level Waste Waste Waste

Alternative Waste Canisters Canisters Canisters Drums Drums Boxes

High-level Waste '

bVitrification (Reference) 1.93 x 10 -- -- -- -- --

5Calcination 1.93 x 10 __ __ __ __ __ ,

Fuel Residue

4
Minimum Treatment (Reference) -- 9.07 x 10 -- -- -- --

4Compaction -- 5. 34 x 10 -- -- -- --

4Melting -- 3.66 x 10 -- -- -- --

Intermediate and Low-Level
TRU Wastes g

6 6
Incinerate-Cemen t(Reference ) -- -- 1. 35 x 10 1.54 x 10 1.02 x 10 1.62 x 10

6 5 "Incinerate-Bitumen -- -- 1.35 x 10 1.22 x 10 7.70 x 10 1.62 x 10
# 6 6 4

Minimum Treatment-Cement -- -- 1.35 x 10 3.48 x 10 2.93 x 10 1.62 x 10
4 6 6Minimum Treatment-Bitumen -- -- 1.35 x 10 3.25 x 10 2.96 x 10 1.62 x 10

Gaseous Waste Treatment

2 3APS + I, Ru, Kr, C-14 Removal -- -- -- 4.52 x 10 7.77 x 10 __

(Re ference)
2 3APS + 1. Ru, Kr removal -- -- -- 4.52 x 10 5.96 x .10 __

2 3APS + I, Ru, C-14 removal -- -- - 4.52 x 10 7.77 x 10 __

2 3APS + I, Ru removal -- -- -- 4.52 x 10 5.96 x 10 __

APS only -- -- -- -- -- --

5 4 4 6 6 41.93 x 10 9.07 x 10 1.35 x 10 1,54 x 10 1.03 x 10 1.62 x 10Complete Reference System

- - -_ _ _ - - - - - - _ _ _ - - - . - - - - _. _



10.4.14

TABLE 10.4.18. Average Subsystem Unit Cost of Waste Management Alternatives
in the Uranium and Plutonium Recycle Fuel Cycle

Unit Fuel Cost. Unit Power Cost,
$/kg Discharged mills /kW-br

0% Discount 7% Discount 0% Discount 7% Discount |

Rate Rate Rate Rate l
i

Hip-level Waste |
'

Vitrified (Reference 59 38 .25 .14

Calcified 61 40 .26 .15

fuel Residue ,

' Minimum Treatment (Referex*) 11 9 .05 .04
4

I. . Compaction 8 7 .03 .03

)' Melting 8 6 .03 .02
'

Intermediate and Low-Level ,

Wil'Ita stesq

incineration-cementation
(Reference) 38 31 .16 .12

,

incineration-bitumenization 33 27 .14 .10

Minimum treatment-cementation- 72 57 .31 .21<

i Minimum treatment-bitumenization 68 55 .29 .21

j Gaseous Waste Treatment

APS + I, Ru, Kr, C-14
Removal (Reference) 28 23 .12 .09

,

APS + I, Ru, Kr removal - 28 22 .12 .09

APS + I, Ru, C-14 removal 9 7 .04 .03

APS + I, Ru, removal 10 8 .04 .03

APS only 2 1 .01 .01

- ;.

|

I
,

d

!

1

|

|
4
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10.5.1

10.5 TOTAL SYSTEM COSTS

This section compares the costs of the entire waste management system for the 9 fuel cycle
cases on the basis of referenca alternatives. All spent fuel, high-level, and other TRU waste I

management costs covering treatmet, interim storage, transportation, and disposal in geologic
repositories are included. Costs for deconsnissioning the ISFSFs, FRPs, and M0X FFPs and manage-
ment of the decommissioning TRU waste in the reprocessing cases are also included. Nuclear
power plant decommissioning costs are not included.

l

j In the fuel reprocessing cases, storage of spent fuel p' to reprocessing, except for I

the initial 6 months at the power plant basins, and shipment or unpackaged spent fuel to
reprocessing are included as waste management costs although these are not necessarily exclusively
Waste management costs. However, to provide comparability between the once-through cases and
the reprocessing cases, and because the radioactivity in the reprocessing wastes originates in
the spent fuel, costs for these fur.ctions are conservatively included in waste management.
Alternatively these costs could either be shared with or borne entirely by ren acessing.

The total system costs for the 9 fuel cycle cases are detailed in a series of 195 tables
in Appendix 10E. These tables are grouped by fuel cycle cases and show waste managmeent system
costs at 5-year intervals over the entire life of the system. Appendix 10E tables provide the
following information for each fuel cycle case:

A series of four tables snow total waste management costs in mills /kW-hr at 0% 7% and 10%*

discount rates for repositories in four geologic media.

A second series of four tables show the costs / kilogram of spent fuel at 0%, 7%, and 10%*

discount rates for repositories in four geologic media.

A third series of tables show total waste management costs in dollars at 0% discount*

rate. For the once-througt cycle cases there are four tables that detail costs for all of

the major cost components in waste management systems, one table for each geologic reposi-
tory medium. For the reprocessing cases, there are ten tables for each fuel cycle case:
one table shows TRU waste transportation costs, one table shows spent fuel management costs,
eight tables in four sets of two tables each show respectively, repository costs and
non-spent-fuel system waste management costs as affected by each geologic repository medium.
For each geologic media, the totals from the spent fuel and non-spent-fuel waste management
cost tables must be summed to obtain total waste management costs.

A fourth series of tables shows total present worth system waste management costs in dollars*

at a 7% discount rate. This series of tables is similar to the 0% discount rate series
except that the tables showing transportation and repository cost details are deleted. The
series consists of four tables in the once-through cases and five tables in the reprocessing
Cases.

A fif th and final series of tables shows total present worth system waste management costs*

in dollars at a 10% discount rate. This series of tables is identical to the 7% discount
,

rate series,
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10.5.2

Table 10.5.1 summarizes overall system unit power costs for TRU waste management in mills /kWh
at 0%, 7% and 10% discount rates. At a 0% discount rate the costs all lie within the range
of 0.7 to 1.2 mills per kW-br. There are only minor differences between the different fuel
cycle cases except for Case 48, the delayed decision to reprocess, where the costs are 0.2 to
0.3 mills / kwhr higher than Case 3A, the prompt reprocessing case. Granite and basalt repositories

increase the cost about 0.1-0.2 mills /kW-br and shale increases che cost somewhat less relative
to the salt repository cases. j

|

TABLE 10.5.1. Total Unit Power Cost for Tru-Waste Management including |Spent Fuel Handling and Storage, Mills /kWh

0% Discount Rate 7% Discount Rate 10% Discount Rate
SEaTe BasaltCase Salt Granite shale BasaTt Salt Granite Shale Basalt Sal t Cranite

-

a

1 0.73 0.84 0.75 0.88 0.45 0.51 0.46 0.53 0.38 0.42 0.39 0.44

2A 0.76 0.96 0.88 0.97 0.52 0.61 0.59 0.65 0.45 0.52 0.51 0.56
I 28 0.81 0.97 0.99 1.07 0.56 0.66 0.67 0.72 0.49 0.57 0.58 0.62

3A 0.74 0.97 0.89 0.98 0.50 0.61 0.60 0.65 0.44 0.52 0.52 0.55

38 0.76 0.98 0.89 0.98 0.49 0.57 0.55 0.58 0.42 0.46 0.45 0.48

4A 0.74 0.85 0.76 0.89 0.42 0.47 0.43 0.48 0.33 0.36 0.34 0.38

4B 1.04 1.19 1.14 1.16 0.40 0.42 0.41 0.41 0.30 0.31 0.30 0.31

ILG 0.73 0.45 0.37

3LG 0.74 0.49 0.43

Note: Case 1 = Once-Through Case 4A = Once-Through, Delayed Reposi-
Case 2A = U-Only Recycle, Pu in HLW tory or Deferred Decision
Case 2B = U-Only Recycle, Pu Stored Case 4B = U & Pu Recycle, Deferred
Case 3A = U & Pu Recycle Decision
Case 3B = U & Pu Recycle, Delayed Case ILG = Low-Growth Once-Through'

Repository Case 3LG = Low-Growth, U & Pu Recycle

At the 7% discount rate the power cost of waste management is reduced by 0.3-0.6 mills /kW-br.
In this instance. Case 4B shows the lowest cost of all the cases because of the long time period
between the production of electric energy and placement in the final repository. The granite,
shale, and basalt repositories increase total waste management costs here on the order of
0.05-0.15 mills /kW-hr relative to the salt repository cases.

At a 10% discount rate the relationship between costs for the different fuel cycle cases
is similar to the comparable cases at the 7% discount rate. However, all costs now are on the
order of 0.07-0.1 mills /kW-hr lower.

Table 10.5.2 shows total overall system unit fuel costs for TRU waste management at 0%, 7%,
and 10% discount rates. At a 0% discount rate the costs range from $170-279/kgHM. At a 7%
discount rate the costs range from $104-$187 per kgHM, At a 10% discount rate the costs range
f rom $79-$164 per kgHM. The relative differences between cases bear the same relationships as
in the previous series of tables showing equivalent power costs of waste management.

i
)

.
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10.5.3

i i

TABLE 10.5.2. Total Unit Fuel Cost for TRU-Waste Management Including
Spent fuel Handling and Storage, $/kg ;

,

0% Discount Rate 7% Discount Rate 10% Discount Rate
Case $ alt GranftTlhalT~hasal t Sa'I t~~drani te 7TiaTe7asal t Salt Grani te shale Basalt
1 170 195 175 205 117 133 120 139 100 113 102 118

2A 178 224 206 227 136 160 155 169 120 139 136 148

2B 188 225 230 251 145 172 174 187 130 152 154 164

3A 172 226 208 229 131 160 156 169 116 139 137 147

3B 177 229 209 229 128 149 143 152 111 123 120 127

4A 172 198 177 208 110 122 112 126 89' 97 91 100

4B 243 270 266 279 104 108 107 109 79 81 81 82

ILG 170 116 98
,

3LG 173 129 114

Note: Case 1 = Once-Through Case 4A = Once-Through, Delayed Reposi-
Case 2A = U-Only Recycle, Pu in HLW tory or Deferred Decision
Case 2B = U-Only Recycle, Pu Stored Case 4B = U & Pu Recycle, Deferred
Case 3A = U & Pu Recycle Decision
Case 3B = U & Pu Recycle. Delayed Case ILG = Low-Growth, Once-Through

Repository Case 3LG = Low-Growth, V & Pu Recycle

The total system waste management cost components can be classified by those that are
affected by final repository costs and those that are not. Table 10.5.3 shows total system
waste management costs in billions of dollars at a 0% discount rate for cost components that are
not affected by repository media selection. The cost components include spent fuel packaging,
all transportation costs, all storage costs and the decomissioning costs at the FRP and MOX FTPs.

1

Table 10.5.4 carries over the subtotal from the previous table and shows the waste treatment I

and repository costs for each of the four geologic media alternatives. For the two low growth
cases, however, only the salt repository alternative was evaluated. The waste treatment costs
are affected by repository selection because of the canister size variations used to adjust
the heat generation rate of high level waste containers. Repository costs account for 25-40%
of the total system costs. Waste treatment costs also account for about 25-40% of total system
costs. In the once-through cycle cases where TRU waste treatment costs are not incurred, spent
fuel packaging and additional spent fuel transportation and storage requirements provide off-
setting cost components. Decomissioning costs for the FRP and MOX FFP only account for about

0.5% of the total.
J

Tables 10.5.5 and 10.5.6 show total system costs using a 7% discount rate in a format
that is parallel to that used in the previous two tables. The discounting effect results in
total costs that are on the order of 10% of those at a 0% discount rate. A similar set of
data but at a 10% discount rate is provided in Table 10.5.7 and 10.5.8. Total costs are
reduced by about a factor of 2 relative to the 7% discount cases.

Because of the long time period involved in this system calculation and because of the
uncertainty regarding selection of an appropriate discount rate, the present worth total |

system costs are not thought to be particularly significant in themselves. However, the present |
|
|
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TABLE 10.5. 3. System Waste Management Costs Other than Repository and Treatment
Costs - 5 Billions at 0% Discount Rate

Transportation Storage

Spent fuel Spent Treated Spent Treated Dismantling
Case Packaging Fuel Waste Pu0 Fuel Waste pug FRP-MOX Subtotal

2 2

1 6.9 19.5 NA NA 18.2 NA NA NA 44.7 '

2A NA 7.3 3.6 NA 5.7 0.11 NA 0.40 17.1

2B NA 7.3 3.6 0.32 5.7 . 0.11 8.7 0.40 26.1

3A NA 7.3 3.6 NA 5.7 0.11 NA 0.40 17.1 :

3B NA 7.3 3.9 NA 5.7 1.6 NA 0.40 18.8

4A 6.9 19.5 NA NA 19.3 NA NA NA 45.8

4B 4.1 13.1 3.6 NA 29.4 NA NA 0.30 50.4

ILG 4.4 12.4 NA NA 11.7 NA NA NA 28.5

3LG NA 4.6 2.3 NA 4.5 0.11 NA 0.40 12.0

5$
P' :

j=

TABLE 10.5.4. System Waste Management Costs Including Spent Fuel Handling and Storage - S Billions at 0% Discount Rate j

Sub- Waste Treatrent Repository Total System ;

Case Total (a) ' Salt Granite Shale Basalt Salt Granite Shale Basalt Salt Granite shale Basalt. ;

1 44.7 NA. NA NA fui 19.6 29.5 21.6 33.0 64.3 74.1 66.3 77.7
'

2A 17.1 26.2 29.2 30.4 30.E 22.8 36.2 28.7 36.2 66.1 82.4 76.2 83.7

2B 26.1 25.8 27.8 30.4 30.2 18.0 29.3 28.9 36.3 69.9 83.1 85.3 92.5

3A 17.1 28.1 31.1 32.2 32.0 20.0 37.7 29.9 37.8 65.2 85.9 79.2 85.9 7

3B 18.8 28.2 30.9 31.6 31.5 20.2 37.3 28.9 36.7 67.2 87.0 70.3 87.1

4A 45.8 NA NA NA NA 19.6 29.5 21.6 33.0 65.4 75.2 67.3 78.7

4B 50.4 26.0 26.9 28.1 27.8 15.9 25.3 22.5 27.7 92.3 102.6 101.0 106.0

lLG 28.5 NA 12.5 41.1

3LG 12.0 17.7 12.2 41.9

a. System waste management costs other than repository and treatment costs.
-

,

>
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TABLE 10.5.5. System Waste Management Costs Other than Repository and Treatment
Costs - S Billions at 7% Discount Rate

Transportation Storage
iSpent Fuel Spent Treated Spent Treated Dismantling i

Case Packaging Fuel Waste Pu0, Fuel Waste Pu0, FRP-MOX Subtotal
. ~

l 0.72 2.1 NA NA 2.5 NA NA NA 5.4
2A NA 0.97 0.42 NA 0.95 0.07 NA 0.01 2.4 |

2B NA 0.97 0.42 0.04 0.95 0.07 1.1 0.01 3.6
3A NA 0.97 0.43 NA 0.95 0.07 NA 0.01 2.4
3B NA 0.97 0.32 NA 'O.95 0.54 NA 0.01 2.8
4A. 0.72 1.8 NA NA 2.9 NA NA NA 5.4
4B 0.64 1.0 0.11 NA 3.4 NA NA -- 5.2 !

ILG 0.52 1.5 NA NA 1.9 NA NA NA 3.9
3LG NA 0.69 0.30 NA 0.81 0.07 NA 0.01 1.9

5
b" ;

'

-TABLE 10.5.6. System Waste Management Costs Including Spent Fuel Handling and Storage - $ Billions at 7% Discount Rate'

Sub- Waste Treatment Repository Total System
Case total (a) Salt Granite Shale Basalt Salt Granite Shale Basalt Salt Grani te Shale Basalt

1 5.4 NA NA NA NA 2.0 3.1 2.2 3.4 7.4 8.4 7.6 8.7

2A 2.4 3.5 3.7 4.0 4.0 2.4 3.6 3.1 3.9 8.3 9.7 9.4 10.2

2B 3.6 3.4 3.7 4.0 3.9 1.9 3.2 3.1 3.9 8.9 10.5 10.7 11.4

3A 2.4 3.7 4.0 4.2 4.2 2.1 3.7 3.2 4.0 8.2 10.1 9.8 10.6-

3B 2.8 3.7 3.9 4.0 4.0 1.5 2.6 2.2 2.8 8.0 9.3 8.9 9.6

4A 5.4 NA NA NA NA 1.5 2.3 1.7 2.6 6.9 7.6 7.0 7.9
!

4B 5.2 .87 289 .92 .91 .46 .70 .61 .77 6.5 6.8 ' 6.7 6.9

ILG 3.9 NA 1.5 5.4 . !
'

3LG 1.9 2.6 .l . 5 5.9
i

a. System waste management costs other than repository and treatment costs.
!

. '|
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TABLE 10.5.7. System Waste Management Costs Other thai Repository and Treatrent
Costs - $ Billions at 10% Discount Rate ,

'
Transportation Storage

Spent Fuel Spent Treated Spent Treated Dismantling ;

Case Packaging Fuel Waste Pu0,, Fuel Maste Pu0., FRP-MOX Subtotal '

1 .35 1.1 NA NA 1.4 NA NA NA 2.8 j

2A NA .53 .22 NA .60 .06 NA -- 1.4

2B NA .53 .22 .02 .60 .06 .62 -- 2.1

3A NA .53 .22 NA '60 .06 NA -- 1.4.

3B NA .53 .13 NA .60 .36 NA -- 1.6

4A .35 .81 NA~ NA 1.6 NA NA NA 2.8
'

4B .33 .48 .03 NA 1.8 NA NA -- 2.6

ILG .27 .80 NA NA 1.1 NA NA NA 2.2

3LG NA .39 .16 NA .54 .06 NA -- 1.2

| 5
i !"
r m

i

j TABLE 10.5.8. System Waste Management Costs Including Spent Fuel Handling and Storage - $ Billions at 10% Discount Rate
|

Sub- Waste Treatment Repository Total System
| ' Case total (a) Salt Granite Shale Basalt Salt Granite Shale Basalt Salt Granite Shale Basalt

1 2.8 NA NA NA NA 1.0 1.5 1.1 1.7 3.8 4.3 3.9 4.5
! 2A 1.4 1.9 2.0 2.1 2.1 1.2 1.7 1.5 1.9 4.5 5.2 5.1 5.5
| *

28 2.1 19 2.0 2.1 2.1 1.0 1.6 1.6 1.9 4.9 5.7 5.7 6.1
3A 1.4 2.0 2.1 2.3 2.2 1.0 1.8 1.5 2.0 4.5 5.3 5.3 5.6 *

| 3B 1.6 2.0 2.1 2.1 2.1 .59 1.0 .85 1.1 4.2 4.7 4.6 4.9
i 4A 2.8 NA NA NA NA .61 .91 .67 1.0 3.4 3.7 3.5 3.8

48 2.6 .24 .24 .25 .25 .12 18 .16 .20 3.0 3.1 3.1 3.1
ILG 2.2 NA .76 2.9

l 3LG 1.5 .75 3.4
!

a. System waste management costs other than repository end treatment costs. |

|

t

1
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10.5.7

worth of the system components show the effect of discounting on relative importance of major
.

components in the waste management costs. These data can also be used to determine the contri-
|

| bution of the system components to total system power or fuel costs that were shown in Tables
10.5.1 and 10.5.2. For example, total unit power costs for Case 1, with a repository in a
salt formation, are shown to be 0.45 mills /kW-hr at a 7% discount rate in Table 10.5.1. In

| Table 10.5.6 the discounted repository costs at 7% are $2 billion and the total system
cost is $7.4 billion. The equivalent power cost for the repository can be determined as :

(2/7.4)(0.45) = 0.12 mills / kwhr. The cost for any of the components listed in Table 10.5.3
through 10.5.8 can be similarly converted to either r.111s/kW-hr or $/kgHM.

The results of this cost analysis indicates that the total system unit costs for manage-
ment of spent fuel, high-level and TRU wastes (1) are relatively insensitive to fuel cycle

,

selection and (2) are likely to fall within the range of 0.5 to 1 mill /kWh in equivalent 1978
constant dollar power costs.

t

|

|

|

|
;
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10.6.1

'10.6 TOTAL SYSTEM PLUTONIUM DISP 0SITION

j An important waste management consideration for the different fuel cycle options is the
disposition of plutonium. For the reference 10,000 GWe-yr system described here, the quantities
of plutonium in the spent fuel and the quantities recovered and recycled in the principal fuel !

cycle options are compared in Table 10.6.1.

|

TABLE 10.6._1_. Plutonium Disposition in Four fuel Cycles (metric tons)

Once-Through U-Only U & Pu Delayed
Cycle Recyc,1_e, Recycle Reprocessing

Total Pu in spent fuel 3,090 3,170 5,760 3,660

Pu recycled 0 0 4,400 1,350

Pu recovered but not
,

recycled 0 0 1,300 2,270 ;

Pu in wastes sent to !

'

repositories 3,100 3,170 60 38

In the once-through cycle and the uranium-only recycle options, a total of 3,090 and
3,170 MT of plutonium, respectively, are produced, This plutonium is sent to a repository in j

the once-through cycle and in the U-only recycle case it is separated but is either added to
the solidified high-level waste for disposal in geologic repositories or stored for later use.

In the uranium-plutonium recycle option, a total of 5,700 metric tons of plutonium is
recoverd (1.04% loss to wastes), 4,400 tons are recycled in M0X fuel, leaving 1,300 MT that
are not recycled. Of this 1,300 MT, however, 600 MT are not recycled as a calculational simpli-
fication and because of the low fissile plutonium content (this is plutonium recovered from the
third plutonium recycle and is 47% fissile) leaving 700 MT available for recycle but not used
in this. system. It is assumed that other nuclear power plants not in the reference system would
be permitted to use this 700 MT of plutonium. In a real system the plutonium from the third
recycle probably would be mixed with other plutonium and would not be separable. The 600 MT of

,

third recycle plutonium would continue to be recycled and ultimately reduced to approximately j

242 '

200 MT of non-fissile Pu.

In the delayed (year 2000) reprocessing option, only 3,620 W of plutonium is recovered, |

of which 1,350 is recycled, leaving 2,270 MT to be used in other nuclear power plant systems.
No third recycle plutonium is involved here.

Table 10.6.2 compares the calculated quantities of plutonium residing in repositories in
the year 2050 for the same four fuel cycles. Quantities of each plutonium isotope are shown.
By the year 2050 all reprocessing has been completed and all of the wastes generated in the
10,000 GWe-yr system have been placed in repositories. The difference between plutonium

| quantities sent to repositories in Table 10.6.1 and plutonium quantities in repositories in the
241 241 244

year 2050 in Table 10.6.2 is the result of 15-year Pu decay to Am and 18-year Cm decay

242 244
forming additonal Pu. In the plutonium recycle cases the Cm decay after reprocessing

,

2 239substantially alters the ratio of Pu/ Pu in the plutonium remaining in the wastes.

_ -- . - - -
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TABLE 10.6.2. Total Plutonium in Repositories in Year 2050 (metric tons)

Once-Through U-Only U & Pu Delayed
Cycle Recycleta) R_ecycIe Reprocessinge l

242
Pu 150 145 6 2

241 '

Pu 77 77 2 0.5
240

Pu 770 760 48 18
239

Pu 1,790 1,840 17 20
238

Pu 35 75 2 0.6
236

Pu . 0.5 3 3 x 10-6 1 x 10-10
Total Pu 2,822 2,900 75 41

If the nuclear power sytem is an isolated system and no other reactors are available to
use the excess plutonium from this system, the reprocessing and recycle could be planned to
eliminate any excess plutonium at the end of system life. In this case the reprocessing would

'

be discontinued well before the last nuclear power plant is shut dowu, all recovered plutonium
would be recycled as M0X fuel and the system would be converted to a once-through cycle mode
of operation in the last years of its life.

|
1
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10.A.1

APPENDIX 10A

WASTE 11ANAGEMENT SYSTEM DATA SHEETS

|
The data sheets in this appendix consolidate the essential data from all of the previous

j sections that are required for the system simulations. Separate data sheet sets summarize
| pertinent data regarding waste treatment, waste storage, and wastes generated during facility

decommissioning. ihe wastes considered here include those generated during treatment of the
gaseous wastes at facilities which generate TRU-wastes as well as the TRU-wastes themselves.

There are four sets of data sheets.

1. The waste treatment data sheets tabulate the following information for the various waste
fractions;

the radionuclide content of the waste component expressed as the fraction of the amountse

present in spent fuel for the FRP wastes and as a fraction of the amounts present in the
fabricated fuel for the MOX FFP wastes

the radionuclide nuclide release (to the atmosphere) during treatment of the waste expressede

as the fraction of the amount present in the waste being treated

the volumes of the waste fractions both before and after the treatment given per MTHMa

reprocessed (FRP) or fabricated (M0X FFP)

the type and volume of the containers used to contain the treated wastese

the number of containers per MTHM reprocessed (FRP) or fabricated (M0X FFP) for each of )e
'

four surface dose rate ranges; <0.2 R/hr, 0.2-1 R/hr,1-10 R/hr, and >10 R/hr

2. The waste storage data sheets contain information on:

the total radionuclide content of a given class of waste being stored generally the sume

of the contents of many of the individual waste components

the radionuclide release (to the atmosphere) during storage of the waste.e

3. The decommissioning waste data sheets contain the same kinds of information as do the
waste treatment data sheets. However, the bases are different in two respects:

The radionuclide content of a waste component is expressed as a fraction of the amounts*

present in the facility at the time of decommissioning (rather than as a fraction of that
present in the fuel).

The number of containers is expressed per decommissioned facility (rather than per MTHM).*

4. The waste management unit cost data sheets contain the unit costs developed in previous
sections of this report for use in the waste management system cost calculations. All
cost data for the system calculations have been escalated from mid-1976 to mid-1978 dollar
value using a factor of 1.17. The data sheets contain unit costs and related infonnation
for waste treatment, interim storage, transportation, and placement in a final geologic
repository.
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10.A.5 l

.

SECTION 10 - APPENDIX A

TRU-WASTE TREATMENT DATA SHEET INDEX l

Fuel Cycle Options (a,b)
'

e n

8 $ $ $
e e a e

Sheet No. Waste Type Alternative " " " "

1 Irradiated Spent Fuel Package in Canisters R -- -- --

2 FRP High-level Waste Vitrification -- R R R

3 FRP Hioh-Level Waste Calcination -- A A A

4 Hulls and Hardware Package without Compaction R R R--

(Fuel Residue)
5 Hulls and Hardware Compaction of Hulls A A A--

(Fuel Residue)
6 Hulls and Hardware Melting of Hulls -- A A A

(Fuel Residue)
7 FRP Combustible Minimum Treatment A -- ----

and Compactable Waste

8 FRP Combustible Minimum Treatment -- -- A A
and Compactable Waste

9 FRP Combustible Incinerate -- R -- --

and Compactable Waste

10 FRP Combustible Incinerate -- -- R R
and Compactable Waste

11 FRP Wet Waste, Incinerator Cement Immobilization -- R -- --

Ash and Scrub Solution (Incineration of Combustibles)
12 FRP Wet Waste, Incinerator Cement Immobilization -- -- R R

Ash and Scrub Solution (Incineration of Combustibles)
13 FRP Wet Waste, Incinerator Bitumen Imobilization -- A -- --

Ash and Scrub Solution (Incineration of Combustibles)
14 FRP Wet Waste, Incinerator Bitumen Immobilization -- -- A A

Ash and Scrub Solution (Incineration of Combustibles)
15 FRP Wet Waste, Solvent Burner Cement Immobilization -- A A A

Scrub Solution & Main Plant (Minimum Treatment of Combustibles)
lon Exchange Resin

16 FRP Wet Waste, Solvent Burner Bitumen Immobilization -- A A A
Scrub Solution & Main Plant (Minimum Treatment of Combustibles)
lon Exchange Resin

17 FRP Noncombustible and Package with Minimum Treatment -- R -- --

Noncompactable Trash

18 FRP Noncombustible and Package with Minimum Treatment -- -- R R
Noncotapactable Trash

a. Case 1 Once Through
Case 2a U only Recycle - Pu to HLLW
Case 2b U only Recycle - Pu to Storage
Case 3 U and Pu Recycle

b. R = Reference Waste Treatment System
A = Alternative Treatment
B = For Comparison Only

l. |
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10.A.6

TRU-WASTE TREATMENT DATA SHEET INDEX (Continued)

FuelCycleOptions(a,b)

E A m~

8 8 8 8
Sheet No. Waste Type Alternative 0 0 0 0

)

19 FRP Failed Equipment Decontaminate, Disassemble & Package R -- ----

R R !20 FRP Failed Equipment Decontaminate, Disassemble & Package -- --

21a, b FRP Gaseous Wastes APS Only -- B B B

22a, b FRP Gaseous Wastes APS Plus I and Ru Removal -- A A A

23a, b FRP Gaseous Wastes APS Plus I, Ru and C-14 Removal -- A A A

24a, b FRP Gaseous Wastes APS Plus I, Ru and Kr Removal, C-14 A A A--

Release

25a, b FRP Gaseous Wastes APS Plus I, Ru, Kr and C-14 Removal -- R R R

26 MOX FFP Combustible Minimum Treatment -- -- -- A
and Compactable Waste

27 M0X FFP Combustible Incinerate -- -- -- R
and Compactable Waste

- 28 MOX FFP Wet Waste, Cement Immobilization -- -- -- R

Incinerator Ash and (Incineration of Combustibles)
Scrub Solution

29 M0X FFP Wet Waste, Bitumen Immobilization -- -- -- A

Incinerator Ash and (Incineration of Combustibles)
Scrub Solution

30 M0X FFP Wet Waste Cement Immobilization -- -- -- A

(MinimumTreatmentofCombustibles)
31 M0X FFP Wet Waste Bitumen Immobilization A-- -- --

(Minimum Treatment of Combustibles
'

32 MOX FFP Failed Equipment Decontaminate Disassemble & Package -- -- -- R

and Noncombustible.
Noncompactable Trash

33 M0X FFP Gaseous Waste Fil tra tio,. -- -- -- R

a. Case 1 Once Through
Case 2a U only Recycle - Pu to HLLW
Case 2b U only Recycle - Pu to Storage
Case 3 U and Pu Recycle

b. R = Reference Waste Treatment System
A = Alternative Treatment
0 = for Comparison Only

:
I

!

|

| |
|
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WASTE TREAT *ENT DATA SHEET NO.1.
Waste Type: Irradiated Spect Fuel

,
Alt ernat ive: Package in Canisters
Fuel Cycles: Case 1

Isotopic Content in Isetopic Release Waste Vel se
Waste Waste, Fracticry pf During Treatment, Untreated P ack agad Cont ainer Containers per MM by Surf ace Dese Class

Component Fuel Inventeryt81 Fraction to Atmosphere (b) per MT* per M N Type Vol ee < 0.2 R/hr 0.2-1 Rinr 1-10 R/hr >10 R/br
BWR Spent Fission Products

3 ICII"'I A1! = 1.0 H = 2 m 10' O.462 m 0.705 m 6.5" sq = 16' O.133 m 5.30
14 -6 cenistar
C =6x13

Ebr=6m10-5
129 ,7 ,gg-57

Cs = 8 x 10'II
12Othar =1x17

Actinides Actinides
All = 1.0 Megligible

Activation Frodacts Activetion Products

All = 1.0 All = 1 a 10'I3 P
PWR Spent Fission Products

-22
y

I"I 3 = 2 x 10-6 0.406 m 0.615 m 9.5' sq m 16' O.284 ,3 7,77(c)3 3
All = 1.0 H

14 -6 canister
C = 6 m 10

95 0K r = 6 * 10
129 = 2 x 10-51

Cs = 4 x 10'II
Others = 1 x 10'II

Actinides Actinides

All = 1.0 Megligible

Activatten Products Activation Products

All = 1.0 All = 1 x 10-10

a. Fraction of comoneats listed in Table 3.3.8 for fission products; in Table 3.3.10 for actinides; and in Tables 3.3.6 and 3.3.7 for
activation products.

b. From Table 5.7.34
c. For Com osite M11bar of Containers per ton of heavy metal:

BWRs = (0.38) (5.302) = 2.0143 containers /Mim comosite
PWRs = {0.62) (2.167) = 1.3435 containers /MTm Cogosite

3.3583 containees/wTm Comosite

_ . _ _ _ _ . . . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ ___- _ _ --
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WASTE TREAT"ENT DATA SHEET 10. 3.
Waste Type: FRP High-Level Waste

Calcina+ld , 2b and 3
1pnAlternative:

Fuel Cycle: Case Za l ,

Isotopic Content in Isetopic Relee " Waste Volume

Untreated Weste, Fractin(n(e) Fraction to AtmosphereIC) per MTHu per MTHMType Volume 0.2 R/hr 0.2-1 R/M l-10 R/hr >10 R/hr
During Treatment, Untreated Pack aged Container Containers p** MTHM by Surf ace Dose ClassWaste

of Spant Fuel Inveatory b)Component

Fission Products Fission Pro 6; cts

3 3 3 3 3
HLLW H = 0.08 H = 1.0 0.567 m 0.0137 m 8" n 10' O.0987 m 0.342

['*" #
Kr =0 RJ = 5 x 10'I285 o

Ot%ers = 0.99+ Ot%ers = 2 m 10-15

,> l129 I29 = 1 = 10'31 = 0.005 I
e

Actinides Acticides;

Idl All * 2 a 10-15Pu = 0.005
U = 0.005

Others = 0.99+

a. Trem Table 3.3.29.
b. Fraction of comments listed in Tables 3.3.8 (Fuel Cycles 2a and 2b) and 3.3.9 (Fuel Cycle 3) for fission products; and in

Tables 3.3.11 (Fuel Cycles 2a and Zb) and 3.3.15 { Fuel Cycle 3) for actinides. ,

c. Froa Table 4.1.22.
d. In fuel cycle 7a all Pu is added to the HLLW.

!

>

>
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WASTE TREATwENT DATA SMEET NC. 4.
Weste Type: Hults and Hardware (Fuels Resike) t
Alternative: Package without Com action i

Fuel Cycles: Case 2s, 2b and 3

Isetopic Contea+ in Isetepic Release Weste Voi n

Waste. Traction [al of )Wa ste During Treat e t, Untreated Pack aged Container Containers per MTW by Surf ace Dose Class
SpentFuelInventory{b Fraction to AtmospherelC) per MT W per MT m fipe Volume <0.2 R/hr 0.2-1 R/hr I-10 R/hr >10 R/kr ICorToneat

_

3 3 3Fuel Fission Products All * 5 m 10'13 0.3'22 m 0.334 m 30* s 10' 1.39 m 0.240
*

-

Asse+1y 3 cantster |H = 0.15Hardware t

and Hulls Kr =0 o" !
I2'I =0

~

3 ,

Others' =5 10'' 'a
'

o
Actinides f

All = 5 a 13'#
iActivation Products t

All = 1.0 i

I
r

a. From Table 3.3.23. !

b. Fraction of ccTonents listed in Tables 3.3.8 (Fuel Cycles 2a and ?b) and 1.3.9 (Fuel Cycle 3) for fission products; in Table 3.3.11 f
(Fuel Cycles 2a and 2b) and Table L3.15 (Fuel Cycle 3) for actinides; and in Tables 3.3.6 and 3.3.7 (Fuel Cycles 2a. 2b and 3) for !
ectivation products.

c. Frtve Table 4.2.6.

L

i
,

f
r

I

i

I
1

b

6

f

f
;
i
t

_ _ _ . _ _ . - - . . - * e .4ye ~r , m.--_ m_.._. _ _ -. _. e 5- w . :.y on u .-. ._~--w -= w r v a -- . . , . . . _ . , _ _ _ _ _ _ _ _ . _ _ . _ _ __.___m_, _ _ _ _ _ .



;i1 :[! [ k! t(IiIk !5; iLih ;: f I k' - | c [! 4

Yo . L ">

-

-

sW 4
s 2 3a 9

C6 0 0l

T 0 0e>
s
c

O r

e/ teh
a

aT cc

f
01

1
1 er

ru - +SI - 3 =
y d

3 rb e ah s h
W

/ eR d 4
' lb a# I a a- T*?,

Dd
i

lse n
i

r
; N -

s
s -

eh t e
nU

-

c ti

a u a
t2 d r
r o a
o0 r p

. C <
p e

s
ac a3
i e

-m

r
lm

s h

3 is s
-

3 *
f .o 9

eV l .e
n

3 r d-e ea
_

i 1
. e f s -

udt '0 r
) C e t ITa

)
sn

-c r 3o 1 e iet ee e : s s
lc t n

adu r
'n mt

id T

Fc Pc
n y aaa a C ds se 3 l etR e + tu ras 3 3 F uwd' m m (

swle e e o
u ob 4 6 9we* 3 ' tF

rlr ee
5 ls 5 3.T

0 1
3 rbuc aei 3 ae

aNd
l

3 wrr sF p 0 0 d oO. T
N w n d rf

df a ed n aa H0T ro t tW e e
e 3

E a b s
. E He? a aT ) d1

H c t n
$ di .

w e' 6 6 2 aer 5 6 rnt e t - 0 ?. d isaA ac? re a _T e Up 0 0 as.
lac

_e s
. D lsA

nas e a _

) ed
i

i
C ?iTM NCC n dt

E (e si ec
.e let tna* : - et%

If

c r:es
A eve ca efys p 3 uE pi

eesR ytlc a I C - rt
o ccT T ay

w
- i tf u. nC leat 1 =
0t

E er e ad
e} eeT t el R eA F3 h -. S st e r a 5 ( eA el u cT o wp

W WAF ipg
l

3. C

t 5 = 8. i en
r soonn =

sut
l

l
y uiti o

ori t

IDc
l

A 3l
fi

r s.
A ov

a se
r eu t
F tS( ra

F ec
e al

8 ?a T5 ,

ed8 9 4 y y ] n 1()

yl 5 3 %. 0 ,.
y 0

veb 9, 9 5 7 0 n, c, g0O. i3 as
h uy o o 0 0 elt * a" # 0 0 0 g 9 d3

T e seco . . = = . . , = 0 = = = , , , = td neat r 1 I

g isn ioe
_

inra s 5 5 s aF e t * 1, e m t lc , 3 )
t)v c

%
c7 _t .n s u s 0 0 9 5 5 u

eei t d o n, , , % 1,
2 sb a

_t d o
et c o C .. : t? r3

N. u ,5,% 1,
c e = , = = o C q n ft sl u r u r 3 n .ed 3nae M P d s P 6, 5 n .t

1' 8va7oleF r n o
u 3 e e r . , cdC i c 3 r W K g

h s
!

c Id C
t *e

s S %,1,2 e- ? t e
!

e o 2. v 1. d aun
.

cet e te lu Cd P s 5 e 3 3 9 k2 2 a=

N. " 5,", 1, 3 c ? 2. r 65
,

cIi
t

A it ' , ,
u ipae

*s o it% ti 5 IC F

: ot a n d t B n ! O do e i e e d o al,

D3
d 3 s4 pI,eep n n xi r e . m iv

ev e %2- I f e 3t rS t 5

C % "T
s C 5 C 7 eoT em3sef is Mot 4 3

IUoF A A- I Fis
t tt 5 I 5 # 3" l clc cl 3 I 5 # I t t 3 S 5 5 9
A A'* I b n ybi

I I aoC at s
Ti T ae

tl vlt mcemiO

lN d ls

a e
r e aeot ee4 rrF rcTst
= FT(FAfs

v. e . . . .
_'d e r i ab cd _w u '5. e

. C T# H N
_
.

.

- _
.

-
_

-
_
.

.

-

, !I , ' i -!



- _ _ _ _ _ - - - - ____--__________ __ _ _ ___ _ ______ _

nASTE 'ItEA*EMT DATA SHEET 90. 6.
Weste Type: Wils and Hardware (Fuels Residue)
Att emat ive: Meltieg of Nils
Feel Cycles: Case Za, 2b and 3

!setoric Centeet fn Isotopic Release haste velaae
Waste usste. Tracticatal e During Teettaeet, Untreated F ack agad Contaiae* Cantaivs per WT* ty Surf ace Dese Class

Cet Set Fu.1 Inveat ory M F* action to AtmoseveeIC) pee MN re* *TP T ree Wo1 Jae 0.2 E/ar 0.2-1 Eihr 1-10 E/rr e10 R/ *

Feel Fisste* Products
-I3 3 3

ASS * I? weae All = 5 a 10 0.0% m 0.059a .3 3a* a 13' 1.39 m 0.04?
Hard.ece canistee

Actiatdes
M&e

Act +vation Products

I*C = 0.5
35 ,IOY = 0.35

II Co,"Ce = 0. %Cr,

SYFe = 0.99
6#m,5%,,63 , = 0.99n

$e 65 ,,% ,.
.

* Ca.36 g 5
!

E ,9#Mb,934e,
!Y

UTc,IOSS 125De = 1.0
O

II3*Cd = C.998
2=

Nils Fissier Freducts 'l
3 3 0.?'4 M 0.0758 M 30* a IT 1.39 M 0.0545
a = 0.15 H = 1.9

** '"
Othe-s 5 a 19"I3be =0

[ s i

Others = 5 10 "
-

Actinicas
5 m 10~All =

Activat'en 8roducts
A*C = 0.5
33 ,III5 d = L7
bl Ce, Ce, Co = 0.04
I3Fe = 0.07
Mm,59u ,63,, , 9,g3

5 *93Zr,'!r, 9%so, ^%.
3,,1?? a = 1.011 *=gl715 S

Cd = 0.00?

a. From Table 3.3.28.
b. Fraction e' ccogrrreats listed ta TebTes 3.3.9 (Fue? Cycles 2a W ?t) e9d 3.3.9 (Fuel Cycle 3} fee fission predxts; in Tables 3.3.11

IFuel Cycles 2a and 7t) ead 3.3.15 (Fuel Cycle 3) fa- actie**s.
c. Fee T atte 4.?.79.
d. Activation procott fractions here are fer use e tw' tined N!?s and usedmare tsaece data Ys use1. when sepeeste Nils and Haedware cata

(Tat es 3.1.6 and 1.3.?) ere used, act twat see p-educt fract toas are 1.0 for eeth Nils and hard.are.?

_ ._ _ _ _
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WASTE TREAT *EST DATA SHEET N0. 8. (Page l of 2)
Weste Tyr*: FRP Con 6ustible and Co=vattable waste
Alternative: Pack age without Treatwet, except Incinerate Degraded Entrattent
Fuel Cycles: Case 2b aed 3

Isotepic Centent in Isotopic Release Weste Volume
Isaste Waste, Fractionl8) e During Treatment, Unt re ated Pac k aged CentaiMr Centainers per MT* by Surf ace Dose Class

Ceet Speat Fuel Inveetery DI Fraction to Ate sp%ereIc) per MTHF par MTHM TyM Volume 0.2 R/hr 0.2-1 R/hr n-10 R/hr >IO R/hr

Llw Fission Products All * 3 u if "l
3 3 3 3
M =0 1.2 m 1.26 m 55 gal drum 0.21 m 6.0

85 , ,9g

All Others = 1 e 13*9
Actinides

All =In 10-9
ILW Fission Prede ts All = 6 x 10*I5 0.071 m 0.0756 m 55 gal * um 0.71 m 0.363 3 3

(Iow h = 5.0 m 10-83

activity 129 I = 6 a 10-
f rac tion) m

-8All Others = 9 x 10 ,o
>

'

Actinides L

U = 6 x 10-8
Pu =5 10'*

-0All Others = 1 m 10
Activation Products

All = 1 a 10-6
IS 3 3 3

ILW Fissian Products All = 6 m I C 0.639 m 0.680 m 55 gal drum 0.21 m 3.24
3 = 7 a 10"#(Migm H

activity 129 = I n 10'$1
f rac tio.')

All others = 1.2 s 10'6
Actinides

U = 1 m 10-6

Pu = 1 x 10-6
-6All Others = 1.2 a 10

Activation Products
All = 1 m 10'O

_ _ - - _ _. _ - - _ _ _ _ - _ _ . _ _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ -_
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WASTE TREAT"ENT DATA SHEET !s0. 9 (Page 1 of 3)
Waste Type - FRP Coetustible and Cogactable Waste
Alternative: Incinerate
Fuel Cycles: Case 2a

Isotopic Conten Isotopic Release Waste Volume
Waste, Fractien}tajnof During in stment. Untreated P ac k agaf Container Containers per MTHM by $Urf ace Dose ClassWaste

Ccunponeat Spent Fuel Inventory (b) Frection to Atmosphere (c) per MTHM per MT m Type ~ Volume < 0.2 R/Fr 0.2-1 R/hr 1-10 R/hr 210 R/hr

LLW Fission Products Fission Products
2.6 a 10' I 1,2 m ( d)

3H = 0 ATI =

85 0Kr =

I?9
1 0=

1 x 10-9Other =

Actinides Actinides

2.6 x 10"I21 x 10*9 AllAll = =

ILW Fission Products rission Products
0.8 0.68 m (dl ->3 7 x 10-7 3and H = H =

-

"
Secondary Kr = 0

I29 1 x 10-5 129;Wastes I 0.95= =

1.2 x 10*II2r, Mb =

1.2 x 10'IIRu, Rn =

1.2 x 10~6 Other -12Other 2.6 x 10= =

Actinides A'ctinides
-6 1 x 10'Pu 1 x 10 Pu= =

3 ,79-111 x 10-6 gU = ,

-6 2 x 10'IIOther 1.2 x 10 Other= =

Activation Products Activation Products
-6 2

All 1.0 x 10 All 1 x 10= =

1

- _ _ .

_
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WASTE TREATMENT DATA SHEET NO. 9 (Page 2 of 3)
Waste Type : FRP Coeustible and Corpactable Wastei

i Alternative: Incinerate
fuel Cycles: Case la

! Isotopic Content isotopic Release Waste Volume
Wste, Fractionta|ns of During Treatment, Untreated P ac k aged Container Containers per MTHM by Surf a:e Dose Classi%st e

Compo* ant Spent Fuel Inventory (b) Fraction to AtmosphereICI per MTm per MTHM Type Vohs_ne < 0.2 R/hr 0.2 1 R/hr 1-10 R/hr >10 R/hr

main Fission Products Fission Products
Plant 3 3 3 3 0.180 0.140 m 0.037 m 55 gal drum 0.21 mH =

Filters 85 0Kr =

129
1 = 0

1.2 x 10'IIOther = 1 x 10'b Zr, Nb =

1.2 m 10'II IRu, Rh =

2.6 x 10'12Other =

Actinides Actinides
-5 1 x 10'II -'

1 x 10 PuAll == O
1 x 10'11 *gU =

2 x 10'II
'

Other =
m

lon
Exchange Fission Products Fission Products

33 0 0.005 m (d)Resin H =

85 0Kr =

129 2 x 10-3 129 0.95I1
==

-5 1.2 x 10'II1 x 10 Zr, MbZr, Nb =*

1.2 x 10'N1 x 10'$ Ru,RhRu, Rh ==

2.6 x 10-121 * 10~7 OtherOther ==

Actinides Actinides
-5 1 a 10'II1 x 10 PuPu ==

1 x 10-5 U 1 x 10'IIU =

2 x 10'II1 x 10'I OtherOther ==

l

. _. - _ _ _ - _ _ _ _ - . - _ _ _ - _ _ - _ - _ _ _ _ _ _ _ _ _ . ___________-_-_ - . . - - - _ _ - _ _ _ -
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WASTC TREAT 4ENT DATA SHEET v3. 9 (Page 3 of 3)
weste Type FRP Comustible and Ccreactable haste
Alteenative: Incinerate
Fu=1 Cycles: Case 2a

Isotopic Centen jn Isotopic Release Waste Voluw
Waste Waste. Fraction aj of During Tecatment. Detreated P ack agM Coct ainer Containers per MW t'y Surf ace Dese Class

Ctwapeneet Spect fuel Inveetery(bl Fraction to Atmosphere (C) per MM par M N Type Volume <0.2 R/hr 0.2-1 E/hr bl0 R/br >10 R/he

Degraded Fission Products F1ssion Preducts
Entractant 3

0 0.008 M ( d)H =

D 0Er =

I29
1 10-8 12'Ig 0.95= =

1 s 10-6 2r, Mb 1.2 = 10'Zr, Mb * =
o

1 x 10-6 Ru, RhR2, ah = 1.2 a 10 h=

0 IOther 1a 10 Other- 2A a 10= =

$
Actini&s Acticides

1 = 10'# PuPu 1 a 10= =

1x 10tt =

-6Other 1a 10 Othee 2 x 10= =

I a. From Table 3.3.34 (Lcw level maste) Table 3.3.33 ("atn plaat combustible trash, filters, ion etchaage resins and degraded entracta9t)
and Table 3.5.1 (Secentary Ct hstible Weste).

b. Fraction of ccToneets listed in Table 3.3.8 (Fuel Cycle Za) f ar fiss+on products; in Table 3.3.11 (Fuel Cycle Za) fer actinides; and
in Tables 3.3.6 and 3.3.7 (Fuel Cycle f a) for activation products,

c. From Tables 4.4.29 and 4.4.14e

I d. Ercept fer filtee media, the outputs of t%Ts facility are incinerator ash and steubber solution Aich are iTvkilized le concrete
before packaging, as described in Data Sheets Mo.11 and 12.

,

- _ . _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - - _ _ - - - - ----
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WASTE TREATMENT DATA SHEET NO. 10 (Page 3 of 3)
Waste Type : FRP Coctiustible and Comattable Waste
Alternative: Incinerate
Fuel Cycles: Case 2b and 3

Waste. Fraction {ajn
Isotopic Release Waste Volume Containers per MTHM by Surf ace Dose ClassIsotopic Cocten

s of During Treatment. Untreated P ack aged Contatner
Component Spent Fuel Inventoryib) Fraction to Atmosphere (C) per MTHM per MTHM T ype Volume <0.2 a/er 0.2-1 Ribe 1-10 p/br >IG E/hrWaste

Degraded Fission Products Fission Products
0 0.084 m (d)3E xtrac tant H =

85 0Kr =

I29 1 x 10-4 129
1 0.95I ==

11 10'"41 x 10 Zr. NbZr. Nb s==

1 x 10'" ?x 10-6 . Ru Rh* 1Ru Rh =

0 2 x 10'I2 -

1 x 10 OtherOther ==

N

Actinides Actinides
1x 10' "1x 10' PuPu ==

1x 10'"u =

2 x 10'"1 x 10-6 OtherOther ==

a. From Table 3.3.34 (Lo= leve! Waste). Table 3.3.33 (m in Plant and pug 7 conversion combustible trash. maina

plant and Pu07 conversion filters, ion exchaege resins and degradant extractant) and Table 3.5.1 (Secondary Waste),
b. Fraction of coTonents listed in Tables 3.3.8 (Fuel Cycle 20) and 3.3.9 (Fuel Cycle 3) for fission products;

in Tables 3.3.11 (Fuel Cycle 2b) and 3.3.15 (Fuel Cycle 3} for actinides; and in Tables 3.3.6 and 3.3.7
(Fuel Cycles 2b and 3) for activation products.

c. From Tables 4.4.29 and 4.4.14.
d. Except for filtee madia the outputs of this f acility are incinarator ash and scrubber solution which are

imobilized in concrete before packaging, as described in Data Sheets No.11 and 12.

- -
- _ _ _ _ _ - _ - - _



_ . _ _ _ _ _ _ _ ._ _ .

,

i

t

WASTE TREATMEMT DATA 5HEET NO. 11 (Page I of 2)

Waste Type : FRP Wet Waste, incinerator Ash and Scrub Solution
Alternative: Cement lesuobilitation (Incineration of Combustibles)
Fuel Cycles: Case 2a

Isotopic Centent in Isotopic Release Waste Volume
Waste Waste, Fracti (a)'of During Treatment, ITr.~tre a ted P6ck ag53 Container Containers per MTwi t;y Surface Dese Class

Camponent Spent Fuel Inventory b) Fraction to Atmo!phere(c) per MTHM per MilH Type Gl~ume < 0.2 R/hr 0.2-1 R/hr 1- M /nr elo R/br

Wet Fission Products Fission Products
3 1 x 10-3 3 1 x 10'3 0.166 m 0.265 m 55 gal drun 0.21 m 1.2633 3 3Weste H =

H =

129 1 x 10'4plus Er 0 1 =

1 x lo- Ottes 3 x 10pisc. Zr. Nb ==

1 a 10'35econdary Ra,Rh =

129 3 x 10'3Waste 1 = g
1 x 10-5 %Others =

Actinides y.
"

2.5 x 10'3U =

1 x 10'3Pu =

1 x 10-5Others =

Attivation Products ,

1 x 10-" [
All =

!Ash Fission Products '
3 3 l

0 0.084 m 0.086 m 55 gal drum 0.21 a 0.409H =

1 x 10''85 0 IKr ==

3 x 10- 2 |I2'I 2 a 10-6 Others= =

1 x 10-5
,

Ir, Nb =

-5'
1 x 10Ru, Rh =

-61.5 x 10Others =

Actinides
-5 t1x 10U =

1.1 x 10. Pu =

{-62.2 x 10Others =

Activation Products
-61.0 x 10All =

_. - _ _ - _ _ _ _ . . _ _ _ - _ , _ _ _ _ _ _ _ _ _ - _ . _ _ _ _ _ - _ _ _ _ _ _ _ . - _ _ - ._.- - - - - _ _ _ _ _ - _ _ . _ _ _ - _- - ___._. -- _ _ . - -,



WASTE TREATMENT DATA SMEET NO.11 (Page 2 of 2)
Waste Type : FRP Wet Waste, Incinerator Ash and Scrub Solstice
Alt *rnative: Cemeat Iweb11tration (!ncineration of Coreustibies)
Fuel Cycles: Case 2a

Isotepic Content n Isotopic Release Waste Volure
Waste haste. Fractionia of auring Treat e t. Untreated P ac k agM Container Containers per MTHM t*y Surf ace Dose Class

Ccmpoaeat Spent Fuel Inveetery(b) Fraction to Atmosphere (C) per MIHM per WIW Type Volume -0.2 R/nr 0.2-1 R /hr 1-10 Ribe >10 R/hr

Fission Products
1x 10-3 0.182 m3 0.231 m3 55 gal de r 0.21 m3 1.103 1 x 10-7 3Coacen- H = H =

O D 1x 10-"0 ttrator Kr = =

129 3x 10-121 10-4 Ot%rsScrubber 1 ==
i -7Solution Ze. Mb = 2.5 x 10

2.5 x 10-I -
Ru. Rh =

, 9-8Others 2. 5 m 10=
.#

,

Actinides =
ru

|
-5

! Pu 2.5 x 10=

2.5 x 10-7Otvrs' =

I

| Activation Products

|
91x ifAll =

.
.

i. FromTa~bles 3.3.31 and 3.3.32 (wet Wastes) and Table 3.5.1 ' Secondary Wastes).
~

(,
b. Fraction of cotoneets Itsted M Table 3.3.8 for fission products; in Table 3.3.11

for actinides; and in Tables 3.3.6 and 3.1.7 for activation products.
c. Free Table 4.7.23.;

,
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WASTE TREATMENT DATA SHEET NO.12 (Page 1 of 2)
Waste Type : FRP Wet Waste, Incinerator Ash and Scrub Solution
Alternative: Cement Imobilization (Incineration of Coet>ustibles)
Fuel Cycles: Case 2b and 3

Isotopic Content in Isotopic Release Waste Volume
Waste Waste, Fraction (a) cf During Tt*atment, Untecated Pack aged Container Containers per MTm by Surf ace Dose Class

Copponent Spent Fuel Inveatory{b) Fraction to Atmosphere (c) per MTm per MTm Type Volurse < 0.2 R /br O.2-1 R/hr 1-10 R/hr >10 R/hr
Wet Fission Products

-3 3 3 3
Waste H * I 10'3 H = 1x 10 0.166 m 0.265 m 55 gal drum 0.21 m 1.253

85 1x 10'0 Ied Ke ==

3 x 10-12 .o"1 x 10'3 OthersMisc. Zr. Nb ==

1 x 10' ?Secondary Ru, Rh =

D 3 x 10 uiWattas I =

1 x 10-5Otvrs =

Actinides
2.5 x 10'3U =

Ix 10'Pu =

1 x 10'bOthers =

Activation Products
1x 10'All =

~ - _ _ _ _ _ - _ _ _ _. __ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _
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WASTE TREATMENT DATA SHEET NO. 12 (Page 2 of 2)
Waste Type : FRP Wet Waste. Incinerator Ash and Scrub Solution
Alternative: Cement Imob(112ation (Incineration of Ccetiustibles)
Fuel Cycles: Case 2b and 3

isotopic Content in Isotopic Release Waste Voluma
Waste Waste, Fractientalof During Treatment. Untreated Pack aged Container Containers per MTHM by Surf pce Dose Class

Component Spent Fuel Inventory (b) Fraction to Atmosphere (CI per MTHM per MTm Type Volume < 0.2 R/hr 0.2-1 R/hr 1-10 TThe >10 R/br

Ash Fission Products
3 3 = 1 a 10'3 0.085 m 0.0871 m 55 gal deten 0.21 m 0.415

3 3 3H =0 H

85 #Kr =0 I = 1 x if
I29 = 2 x 10-6 Otvrs = 3 a 10-12I

-5Zr, Mb = 1 a 10
Ru. Rh = 1 a 10-5

-6Others = 1.5 m 10

Actinides
U = 1 x 10-5
Pu = 5.8 a 10'"

-6Otters = 2.2 x 10
-

Activation Products 9
All = 1.0 m 10'6 *>

y
chConcentrated

Fission Products
H = 1 = 10'I 3 1 x 10'3 0.185 m 0.234 m 55 gal drum 0.?1 m 1.115

3 3 3=g
85 1 x 10'4Kr =0 129 =

g
I29 = 1 a 10'4 Others =3a 10'I21

Zr, Nb = 2.5 x 10'
Ru. Rh = 2.5 = 10'7
Others = 2.5 x 10-8

Actinides
Pu = 2.5 m If

Others = 2.5 a 10'I

Activation Products
All =1x 10'9

a. From Tablet 3.3.31 and 3.3.32 (Wet Wastes), and Table 3.5.1 (Secondary Wastes).
b. Fraction of corconents listed in Tables 3.3.8 (Fuel Cycle 2b) and 3.3.9 (Fuel Cycle 3) for fission products; in Tables 3.3.11

(Fuel Cycle 2b) and 3.3.15 (Fuel Cycle 3) for actinides; and in Tables 3.3.6 and 3.3.7 for activation products.
c. From Table 4.7.23.

. _ _ _ _ _ _ _ - _ _ _ __
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WASTE TREAT"ENT DATA SHEET NO. 13 (Page 1 of ?)

Waste Type FRP Wet Waste, Incinerator Ash and Scrub Solution
Alternative: Bitumen Imobilization (Incineration of Contustibles)Fuel Cycles: Case 2a

Isotopic Conten in Isotopic Release Waste nfo1uma
Waste Waste, Traction a) of During Treatment. Untreated P ack aged Container Containers per MT m by Surface Dose ClassComponent Spent Fuel inventory (b) Fraction to Atmosphere (C) per mTHM per Pi m T ype Vol n < 0.2 R/br 0.2-1 R/hr 1-10 R/br >10 R/hr

'

Wet Weste

-0.2 R/hr Fission Products Fission Products
Waste Zr, Nb = 1 m 10'I 30.005 m 0.0044 M 55 gal drum 0.21 m 0.021

3

Others =0 All = 3 x 10''
Actinides Actinides

Pu = 1 a 10' All = 3 a 10'I2
Others =0

0.2-1 R/hr Fission Products Fission Products
Waste Zr, Nb =1.1 m 10-7 0.034 M 0.0692 m 55 gal drum 0.21 m 0.339

3 3
-6Ru, R% = 1.1 = 10 All =3 a 10-12

Others =0 o-
-

Actinides Actinides
(U = 1.5 x 10-3 A11 =3x 10'I2 *

"
Pu = 1.2 x 10-6
Others =0

i >10 R/hr Fission Products Fission Products
3 3 3Waste 3 = 1 m 10 3,, = 1.0 0. 47 m 0.07 M m Si gal dre 0.21 mg

^#85 =0 129; =1x 10 0.343g7
-2129 = 3 x 10' Others = 3 x 10

fr, b,Ru,Rh = 1 r 10'3
Others = 1.1 m 10-5
Actinides Actinides

3U = 1.1 x if All = 3 x 10'I2
Pu = 1.1 a 10'3

4Others = 1.1 x 10
Activation Products Activation Products

All = 1 x 10'# All = 3 x 10-12

.



- . ._ . .

HASTE TREATwEftT DATA SHEET NO. 13 (Page 2 of 2)
Waste Tjoe : FRP Wet Waste, Incinerator Ash and Scrub Solution
Alternative: Bitumen Iwebiltration (Incineration of Corbustibles)
Fuel Cycles: Case 2a

Isotopic Content in Isotopic Release Waste Volume Containers par MW by Su-f ace Dose Class
Waste Waste, Tractient a) of During Treatment, Untreated P ack naad Contaiaar

Cceponent Spent Fuel Inventory (b) Fraction to Atmosp%reICI per wr* per MTP T ype Voltsw < 0.2 R/nr 0.2-1 R/br 1-10 R/hr 10 R/5r

Ash Fissien Products Fission Prod 2 cts
3 3 C.147

H =0 0.084 m 0.0309 m 55 gat dre 0.21 m
85 I29 -4

xr =0 1 = 1 = 10
4

1 =2x 10 Others = 3 = 10

Zr, % -1 10-5

Ru, R5 = 1 = 10'5
-6

Others = f.5 = 10
Actinidos Actinides ~

-17.c
0 = 1 x 10 - All =3s10

#
Pu = 1.1 x 10

4
Others = 2.2 = 10 -

-

?
Activation Products *

N
All = 1.0 m 10 cm

Concentrated
Scr bber Ftssica ProdJcts Ftssion Productsu

3
jf, 3 g, q7 ,3 g,gg77 ,3 55 g,) 473, 9,73 m c,415Solution 3 . g , 3,9j ,g ,

st r =0 I =1a 10'"85 129

1 =1a if" Ot Nes = 3 = 10'I29

Zr, NS = 2. 5 x 10'#

Qu. R5 = ?.5 m 10'7

Ot tes = 2.5 m 10'8
Actinidas Actinides

12
Pu = 2.5 m 10-5 gjj , 3 , 3y

Others = 2.5 x to
Activation Products Activation Products

All =1 10-9 All =3a 13'M

a. From Tables 3.3.31 and 3.3.32 f iet Wastes) and Table 3.5.1 (Secondary Wastes) with allocation of
i

com onents to indicate dose classifications.| b. Fraction of ccTonents listed in Table 3.3.8 for fission products, in Table 3.3.11 for ac t inices;
and in Tables 3.3.6 and 3.3.7 for activat ion products.

c. From T able 4.7.9.

_ _ _ _ _ . _ _ _ _ _ _ - _ _ __ _ _ . _ _ _ _
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WASTE TREATME%T DATA SHEET NO.14 (Page 1 of 2)
Waste Type : FRP Wet Waste, Incinerator Ash and Scrub Solution
Alternative: 81ttmen ImcD11tration (Incineration of Cont >ustibles)
Fuel Cycles: Case 2b and 3

Isotopic Conteat i Isotopic Release Waste Vol ee
Waste, Fractionta)nWaste of During Treatment, Untreated P ac k aged Container Containers per MTP t y Surf ace Dese Class

Component Spent Fuel Inventory (b) Fraction to Atmosphere (C) per PTHH per MTHM Type Volume 4 0.2 R/hr 0.2 1 R/br 1-10 R/hr >IO Rihr

Wet Waste

<0.2 R/hr Fission Products Fission Products
1 x 10'7 0.005 m 0.004 t m 55 gal drum 0.21 m 0.021

3 3 3Waste Zr. 45 =

Others =0 All = 3 x 10"I2
Actiaides Actinides

1 = 10 All =3m 10-12Pu =

Others =0
0.2 4 R/he Fission Products Fission Products

3 3 31.1 = 10'I 0.034 m 0.069? m 55 gal dr e 0.21 at 0.330W a s'? * 2r. Mb =

All =3=ITI2 m
-6Ru, Rh = 1.1 x 10 ,o

Others =0 ?
ro

Actinides Actinides W

U = 1.5 x 10'3 All = 3 a 10'I2
Pu = 1.2 x 10-6
Others =0

>10 R/hr Fission Pror?ucts Fissi M Pro htts
33 = 1 x 10'3 3d = 1.0 0.127 m 0.0719 m 55 gal drte 0.?1 m 0.343Wsste H

85 129 , ; ,33-4xr 0 g

I29 -3I = 3 m 10 Ot e s = 3 x 10'II
Zr, Nb, = 1 a 10-3

Ru, R5
-5Others = 1.1 a 10

Actinides Actinides
U = 1.1 a 10'3 All = 3 x 10'I2
Pu = 1. I u 10'3

-$Ot%ers = 1.1 a 10
Activation ProdJcts Activation Products

1 x 10-4All All 3 x 10-12=

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ __ _

- -
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WASTE TREATMENT DATA SHEET M). 14 (Page 2 of 2)
Waste Type * FRP Wet Waste, inctaerator Ash and Scrub Solution
Alternative: Bitmen Imbilization (Incineration of Contustibles)
Fuel Cyctes: Case 2b and 3

Isotopic Content in Isotopic Release Waste Volume

Waste, Fractiont a) of ) During Treatment, tintreated Pack aged Cont ainer Cortainers per MTHM by Surface Dese ClassWaste
Spent Fuel Inventorytb Fraction to Atmoseere(C) per "THM per MTHM T_vre Vo hsae < 0.2 R/hr 0.2-1 R/hr 1-10 R/br >10 R/hrC aponent

Ash Fission Products Fission Products
3 3 3 3 0.149H =0 0.085 m 0.0313 m 55 gal drum 0.21 m

8S 129gr =0 g ,j ,gg-a
D = 2 a 10-6 Others =3s 10'I

-5Zr, 45 = 1 x 10
0Ru,Rh * 1 a 10

Others = 1.5 m 10-6

Actinides Actinides
U = 1 x 10-5 All = 3 m 10'N
Pu = 5.8 m 10'"

-6Others = 2,2 x 10
OActivation Products Activation Products

All = 1.0 m 10-6 All = 3 x 10-12 ,>

Concentrated o
Scrubber Fission Products Fission Products
Solution 3 g , jg-7 3~ 3 3 3g , H = 1.0 0.185 m 0.0886 m 55 gal drum 0.21 m 0.422

83 129 = 1 a 10'#tr =0 1

129 = 1 = 10'" Others = 3 e 10'I
Ir, Nb = 2.5 m 10'I
Ru, Rh = 2.5 x 10'I

Others = 2.5 x 10-8
Actinides Actinides

Pu = 2.5 m 10' All = 3 x 10'
Ot%cs = 2.5 x 10'I
Activation Products Activation Products

2
All = 1 x 10~8 All = 3 x 10

a. From Tables 3.3.31 and 3.3.12 (Wet Wastes) and Table 3.5.1 (Secondary Wastes) with allocation
of comonents to indicated dose c1tssifications.

b. Fraction of conconents listed in Tables 3.3.8 (Fuel Cycle 25) and 3.3.9 (Fuel Cycle 3) for fission products;
in Tables 3.3.1 (Fuel Cycle 26) and 3.3.15 (Fuel Cycle 3) for actinides; and in Tables 3.3.6 and 3.3.7 for
activation products.

c. From Table 4.7.9.

_ _ _ _ _ _ _ _ _
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DATA TREATMENT DATA SHEET NO. 15

Waste Type : FRP Wet Waste. Solvent Burner Scrub Solution and Main Plant Ion Exchange ResinsAlternattve: Cement ! W ilization (Minimum Treatment of Combustibles)Fuel Cycles: Case 2s. 2b and 3

!sotopic Content in Isotopic Release Waste VolumeWaste Waste. Fractionta) of During Treatment. Untreated Pack aged Container Containers per MTHM t y Surf ace Dose ClassCcenponent Spent Fuel Inventory (b) Fraction to Atmospnere(c) per MTHM per MtHM Type Volwne s0.2 R/hr 0.2-1 R/hr 1-10 a/hr >10 R/hr
Fission Products

3Primary H = 1 x 10-3 3
10-3 0.171 m 0.273 m 55 gaf drum 0.21 MH = 1xD 1.30

and Kr =0 129 -4g , , 33,

I29 3 -12Secondary 1 =5x17 Others =3x !0
3Warte Ru, Rh =1x17

5Zr Nb = 1 x 10'I
h-5Others = I.1 = 10 g

Actinides
U = 2.5 x 10'3

3Pu = 1.1 x 17
Others = 1.1 x IO'S
Activation Products

All = 1 x 10''

a. From Tables 3.3.31 and 3.3.32 (Wet wastes); Table 3.3.33 (Oegraded solvent burner scrub solution and
ion exchange restn); and Table 3.5.1 (Secondary Waste).

b. Fraction of comanents Itsted in Tables 3.3.8 (Fuel Cycles 2a and 25) and 3.3.9 (Fuel Cycle 3) for fission
products; in Tables 3.3.11 (Fuel Cycles 2a and ?b) and 3.3.15 (Fuel Cycle 3) for actinides, and
in Tables 3.3.6 and 3.3.7 for activation products.

c. From Table 4.7.23.

. _ _ _ _ _ _ _ _ _ _ - ______ _ _ - - _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ - - - _ - - -- - - - - ._



i',j!|I.![ ',it , tItfE,b; !t i , i {f [!k!! tfIi;{le!.Iilti> 1!I .

~ ob, wy

r
* 4/ 6
a 3

O
i

0
s

s
s
a

lC r
h

e/
sEe
DG

ee - er1
e n

'e uv
S r

t .h e=y/
tE e ::

0 stW7 3 a
3 scT 2

W i

0 0 df1

mi1e se s3p

wl
a
3s r ce h sci -

a a <ee
sl

s $a7 1 n. c a ,ob
n t 2

T s
+c 00is utsd t

e C < 0 e;c
uR atd

e ecco
siLp rg

n 3 3 d
e e e m s aae
h Tt rn

f
lec 1 1 1 po

2 2 ?. :o ii

o stet
_ r s 3 0 0 n oa

e e osF v
* it siIc
4e

t cst
e.e s s aaic

cof at t
e) e r e r io

_ ias o t d o

t r
l

o cr re C e a oo
Dl z la a la soff

_ ni T g g g sc}7a
it f3

_ as 5 S 5 lcc 3
5 S 5"

%
e

enl3
_ dm soc

n oiyd33 3 * a a
dtC naC

aP dcl
d

nf ? 4 eoe5eo gT 4
4a* 4 9 tl u

ttt k 0 6 alF 3
an e cr 0 9 0 sca(alom r ae

F p 0 0 0 3

e h 9. sSt t
i

t

- i. 3. l_ a e e
be r
ur o 3b
rT ed 3 t) a

e 3 3
t* m e * sdTc= t

S sens
ura w ew 5 4 2 tt ana aT

- se)iei - 0 3 3
* n t r 0 0 1

- w?Mbr* e e
Up 0 0 0

b (* ,rdy a
ean

t n cd as,
a o n

16 ei } roat
vt c oc?ia.i 'e l''z3 ? 2 2 2 e e
wi r ! I 4 1 1 nSsi

f ,l
s - o(ety 7 7 ~0 Id ,e 7 3 t 0 it1lcacpin et 1

1 1 g 1 1 1 I

w
seea
aes

a y
s s sTt o x 5. C r,0 on a 8e o t x s t , e tbEsv? l

a
E e t m c c c

3 3 u 3 3 u 1 ] 3 3 e 3 u3l f

nnnI est
d e P es . R eA

tn4 r o = = o , = o = = = * . aeu}

A e2 cT o e r r n lF3
Tpm igg e e e io

ab(
t P s P s P s

t a esA : e t.T 9. lD5 t s enn n io n is n ic t
c

i
s ao

e l a l

o8i a ti t oe ));3 yr n l v na l
s d ey

N.::
tset *s

lA t
l isTTtC c

E Dc is
i

A is g it l

s3
!

h it l it a sn3lu A A
a c c i @ t c c ei

O A A t ssees r T A F A F seee
A eve F warMFEpil
R yt c ea(TT ay t gT 5

E e "e l
C $ n

1 . I -
te. a n1) 6 3

f 7 *~ fTt b 7
1

f7- 8 hi30 I I s- 3Sst e ff I I c
T _0 7I1 I 1 ~A el u ey - f zed 33 s uMwWAF n r to Pe

u. 0 i
I 1 1 : a 1 a til e T a = : m

4smtitat c
1 1 1 n8 =c s a = s s , s a a

tMe 1 1 5 ?. a
n t t t

1 0 5 1 1 1 1 1 1 e 1 31l)I 0 1 0 c 1 1 3 1 1 0 ceov x- e
%uti e

mds5*t2= . = = = = = = * P =ntl e * = = = d = = = = = =
ec o o c aa

uiWs .
Cal r e e c

re P s P s D s e
e

n. v;.icF u t s e s e % s e e
it s

eet a ic
r n 1 9 r is n ea t' r,F c e e o e s o e e s tc - v r

9- s ap ac h . , h n r -
2

s e r
5

U Ptt n is r t i . t is r u t u e is t o77u ei i
e,bg

Ise c is I O t P O is Z R O it U P h is M , ,, t c t' c luct t A5ose r ssr c t 3
WS f A F A O F I I A C A O A sof e

esOl e
enn csy

nOiwoCnv it e r ?tl
* t h / r

e* s ! 4 % mw ce.eoa aot a a R /
so W e 1 e R e el rF -

t - t t rBTf rav 2 s 0 s . .s 2kr t
a a .

b co e 0 a
C m < w 1 h

1

s a
=

.

_
_

.

_
_

_
_

_

_
_

_
_
_

_
_

.

.,l 1 a |li f iijii| jji,{ ,! i! ' .,} ! l* i i4



_ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ - _ _ _ _ _ _ _.

WASTE TREATMENT WASTE TREAMENT DATA SHEET NO. 17 (Page 1 of 2)
Waste Type : FRF Noncunkstible and Nonconpactable Trash
Alternative: Package with Minimurn Treatment
Fuel Cycles: Case 2a

Isotcpic Content in Isotopic Release Waste volume
Waste Waste. Fraction (a) of During Treatment, Untreated Pa kaged Container Containers per MTHM by Surf ace Dose Class

Component Spent Fuel inventory (b) Fraction to Atmosphere (c) per MTHM per MTHM Type Volume <.0.2 R /hr 0.2-1 R/hr 1-10 R/hr >10 R/hr

<0.2 R/hr Fission Products
3 ,4 ,gg-9 All = 1 x 10'I5 0.0469 m 0.0453 m 55 gal drum 0.C1 m 0.215

3 3 3Wastes g

05Kr =0
129

1 .o
Others = 2.5 x 10
Agtinides

All - 2.5 x 10'9
m

0.2-1.0 Fission Products ,O
3 -15 3 3 3R/hr H = 3 x 10' All = 1 = 10 0.162 m 0.156 m 55 gal drum 0.21 m 0.750 ."

85Wastes Kr =0 U
129

1 -o
Others = 5 x 10-8
Actinides

Pu = 5.1 x 10-8
Otners = 5 x 10'8

1.0-10 Fission Products
3 = 9 x 10'I All = 1 a 10-15 0.212 m 0.204 m 55 9al drum 0.?1 m 0.970

3 3 3R/hr H

DWastes Kr =0
129

1 =0

Others = 9 x 10-7

Actinides
Pu = 9.2 x 10'7

Others - 9 x 10'7
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WASTE TREATMENT CATA SHEET NO. 18 (Page 1 of 2)
Waste Type . FRP Noncombustible. Noncontactable Trash
Alternative: Package with Minimum Treatment
Fuel Cycles: Case 2b and 3

!sotopic Content n Isotopic Release Weste Volume
Waste Waste. Tractiont a of During Treatment. Untreated Pack agM Container Containers oer MTHM by Surface Dose ClassComponent Spent Fuel Inventory (b) Fraction to Atmosphere (c) per MTHM per MTHM Type Volume < 0.2 R/hr 0.2-1 R/hr 1-10 R/hr >10 RfTr

<0.2 R/hr Fission Products
3
H = 4 x 10-9 All = 1 = 10 0.0469 m 0.0453 m 55 gal drum 0.21 m3

-15 3
0.215 585Kr =0

129
1 =0

Others = 2.5 x 10-9
Actinides

All = 2.5 x 10-9
0.2 - 1.0 Fission Products

3 7R/hr H = 3 x 10 All = 1 x 10-15 0.162 m 0.156 m 55 gal drte 0.21 m 0.750
o3 3
,'>Wastes Kr =0

129 MI =0
-8Others = 5 x 10

Actinides
Pu = 5.1 x 10-8

Others = 5 x 10-8 I
'

1.0 - 10 Fission Products
3'R/hr H =9x 10-I All = 1 x 10 0.212 m 0.204 m 55 gal drum 0.21 m 0.970

3 3
OWastes Kr =0

129
g ,g

Others = 9 x 10-7

Actinides
Pu = 9.2 x 10-

Other = 9 x 10-7

c

I

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _
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WASTE TREATMENT DATA SHEET NO.18 (Page 2 of 2)

Waste Type: FRP froncombustible, Noncompactable Trash '

Alternative: Package with Minimum Treatment
Fuel Cycles: Case 2b, and 3

Isotopic Contee in Isotopic Release Weste Volume
Waste Waste, Fraction (a) of During Treatment, [ntreated P ack agad Container Containers per MTHM by Surf ace Dose Class

Component Spent Fuel Inventory (b) Fraction to Atmospbe e{C} per MTW per MTHM 7 voe Vo!ume < 0.2 R/hr 0.2-1 R/hr I-10 R/hr >I0 RTG

>10 R/nr Fission Products
3 3 3 0.?5

3 = 1.4 x 10-5 gij , 7 ,79-15 0.054 m 0.05? m 55 gal drum 0.?1 m
daste H

85Kr =0
129 = 6.1 x 10-8I

Others = 1.0 x 10-5
- ,

Actinides

u & Pu = 5 x 10-8
-5

Otvrs = 1 x 10
s

Activation Products P
All = 1 x 10-4 >

*
g

PuC
3 3 3 *

7
1 s 10~ D 0.0055 m 0.0055 m 55 gal crum 0.21 m 0.026

Convar- All =

Actinidas(d)sian
-5

Jastes All = 5.91 x 10

(< 0. 29 /hr )

Pu0
2 -15 3 3 3

1a 10 0.0006 m 0.0006 m 55 gal arus 0.21 m 0.003Conver. All =

sion Actinides (d)

dast es All = 4.09 x 19~5

(0.2-1
R/br)

a. From Tables 3.3.35 and 3.5.1 with allocatien of components to indicated dose classifications.
b. Fraction of components listed in Tables 3.3.8 (Fuel Cycle 26) and 3.3.9 (Fuel Cycle 3) for fission products; in Tables 3.3.11 (Fuel

Cycle 2b) and 3.3.15 (Fuel Cycle 3) for actinides; anf Tables 1.3.6 and 3.3.7 for activation products,
c. From Table 4.3.6.
4. Fraction of components listed in T able 3.3.17

i

y+ - 3r _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _
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WASTE TREATMENT DATA SHEET W . 19 (Page 1 of 2)
Waste Type: FRP Failed Equipet
Alternative: Decontaminate, Oisassemble and Package
Fuel Cycles: Case 2a

IsotopicConten}jn Isotopic Release Waste Voice
Waste Waste Fractiontal o During Treatment, Untreated F ack aged Container Containers per MTHM by Surf ace Dose Class

Component Spent Fuel Inventory b) Fraction to Atmosphere (C) per MTHM per MTHM Type Volume < 0. 2 R / hr 0.2-1 R/ w 1-10 Ribr >10 R/hr

<0.2 R/hr Fission Products
3 3 3

4 x 10'8 0.102 m 0.102 m 4'x5'16' 4.08 m 0.0253, I29
H 1= 0 AllWaste =

bones

85 0Kr =

Others = 1.32 x 10~9
Actinides
All = 1.32 x 10'9

0.21 R/hr Fission Products
0 3 3 3

4 x 17 0.0466 m 0.0466m 30" x 10' 1.39 m 0.0335 g3, 129
H 1= 0 AllWaste =

canister -

85 ."
0Kr =

1.65 x 10-6
y

Others =

Actinides
1.65 x 10'8All =

0.21 R/hr Fission Products
-0 3 3 3

4 x 10 0.0467 m 0.0467 m 55 gal drum 0.21 m 0.2233, 129
H 1= 0 , AllWaste =

ES 0Kr =

1.65 x 10'8Others =

Actinides
1.65 x 10-8AIT =

1-10 R/hr Fission Products
3 3 34 x 10'O 0.00273 m 0.00278 m 30 x 10' l.39 m 0.0023, 129

H 1= 0 AllWaste =

85 0Kr =

7.93 m 10'9Others =

Actinides
All 7.93 x 10'9=

i



- .. _ _m .

WASTE TREATMENT DATA SHEET NO.19 (Page 2 of 2)
Waste Type: FRP Failed Equipnumt
Alternative: 0* contaminate. Disasse%1e and Package
Fuel Cycles: Case 2a

Isotopic Content in Isotcotc Release Weste Volure
Weste Weste, Fractiontas of During Teestment, Untreatad F ack agad Container Containers par Mtm by Su f ace Dose Classr

Ceaconent Spent Fuel Inventory (b) Fraction to Atmsphere(c) per Mim per MTHM Type Wol ore - 0. 2 R /br 0.2-1 F/br 1 10 R/hr >10 R/he

1-10 R/hr Fission Products
0 All =4x 10-8 0.00273 m 0.00273 m 35 gal dram 0.21 m3 0.0133 3

Waste H.I291 =

85 0Kr =

7.78 m 10'9Ot% rs =

Actinides P
7.78 a 10** .#All =

$
a. From Table 3.3.35 (Main plant f ailed equipment) with allocation of corponents to indicate dose classifications, aad af ter a dacontamina'.icn

f acter of 20 has been applied to primary waste values.
b. Fractims of cocements ilsted in Table 3.3.8 (Fuel Cycle Za) for fission products; i7 Table 3.3.11 (Fuel Cycle Ea) for actinides; and in

Tables 3.3.6 and 3.3.7 for activation products.
c. From Table 4.3.5 (2 a 10-9 m 20) adjusted to correspond wit % t% input values.

.

- . _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - . - ___ _ _ _ _ . - _ _ _ _ _ _ . _ _ _ . . _
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WASTE TREATMENT DATA SHEET NO. 20 (Page 2 of 2)
Weste Type : FRP Failed Equipment
Alternative: Decontaminate. Disassemble and Package
Fuel Cycles: Case 2b and 3

Isotopic Content *n Isotopic Release Waste Vdlume
Waste Waste, Fractiontaj of During Treatseet. Untreated Pac k aged Contairer Containers per MTHM by Surf ace Dose ClassComponent Speat Fuel InventoryO) Fraction to Atmosphere (C) per MTHM per MTHM Type VoTume *0.2 R/br 0.2-1 R/hr I-10 R/hr >10 R/hr

1-10 R/hr Fission Products
3 0 All - 4 x 10-8 0.00273 m3 30.00273 m 55 gal drum 0.21 m3Waste H =

129 0.013
1 0=

85
0Kr =

7.78 a 10'Others =
-

Actinides *o
7.78 x 10 ~,All =

u
o<0.2 R/hr Fission Products

Pu0 m ne A11 =4s 10'8 0.02 m 0.0204 m 4'n4' 6' 4.08 m 0.005
3 3

2
Conver- Actinides D''''

sion All 5 m 10=

Weste

a. From Table 3.3.35 (m in plant and pug 7 convarsim f al1M equipment) af ter a decontamination f actor of 20 has baen applied to the waste values,a
with allocation of c'mponents to indicate dose classifications.

b. Fraction of conponents Itsted in Tables 3.3.8 (Fuel Cycle 2b) and 3.3.9 (Fuel Cycle 3) for fission products; in Tables 3.3.11 (Fuel Cycles 2b).
and 3.3.15 (Fuel Cycle 3) for Main Plant f ailed egoipnent actinides; and in Tables 3.3.16 (Fuel Cycle 2b) and 3.3.17 (Fuel Cycle 3) for
pug 2 conweeston actinides

c. From Table 4.3.6 (2 x 10-5 = 20) ediusted to correspond with the input values.

,

_ - - - _ -
- -

- _ - - _ _ _ - _
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WASTE TREATMENT DATA SHEET NO. 21e (Page 1 of 2)

Waste Type : FRP Gaseous Wastes
Alternative: APS * inly
Fuel Cycles: Case 2a 26, and 3

Isotopic Content in Isotopic Release Waste Volume

Waste Waste, Fraction (a) of During Treatment. Untreated Pack agad Container Containers per MTIN by Surf ace Dose Class
Component Spent Fuel Inventory (b) Fraction to Atmospherefc] per MTHM per MTHM Type Vohrne < 0.2 R/hr 0.2-1 Rihr 1-10 R/hr >10 R/hr

00G Fission Products Fission Products
3 5 x 10-2 3 1.0H = H =

I
I"C 1.01.0 C ==

85 8 1.01.0 Kr =Kr =

106 2 x 10-4 106 0.5Ru-RhRu-Rh ==

129 9.9 x 10-I D I 1.01
==

1 x 10~#All Others = 1 x 10'I All Others =
No solid wastes are produced in this

Actinides Actinides alternative other than HEPA filters
which are accounted f or as =FRP Com-

1 x 10-41 x10" AllAll == pactable Weste.
a

?
?
3

V0G Fission Produces Fission Products
3 1 x 10'3 3 1.0H = H =

-6 85U$ r 1.01 x10 Kr =K =

0.5Ru-Rh =

129 5 x 10-3 I 1.01
==

1 x 10-"All Others = 1 x 10'7 $11 Others =

Actinides Actinides
-81 x10-7 AllAll 1 x 10= =

Vent 11a- Fission Products Fission Products

1 x 10~'I 1.0H =
tion All =

1.0Kr =System
1 0.5(HVAC) Ru-Rh =

I2'I 1.0=

-#1 x 10All Others =

Actinides Actinides

1 x 13'II 1 x10-8All =
All =

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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________ _ ____ -__________ _ _ _ _ ____

WA5TE TREATwENT DATA SHEET NO. 22a
Waste Type . FRP Gaseous Waste Streams
Alternative: APS plus I and Ru Removal
Fuel Cycles: Case Za, 2b, and 3

Isotopic Conten n Isetopic Release Waste Volume
Waste, Fraction {a During Treatment, U"'* re a t ed P ac k aged Cootaiaer Containers par MTP by Suef ace Dose ClassWeste o

Co w ent Spent Fuel inventory b) Fraction to Atmosphereft) per Mim per MTP Type voltre < 0.2 R /hr G.2-1 R/hr 1-10 R/hr >10 it/hr
dub Fission Products Fission Products

3 -2 35 a 10 H = 1.0H =

I# I#1.0 C 1.0C ==

85 85 1.01.0 Kr =Kr =

5a 10~5 0.00025 m3 3#2 a 10" R;s-Rh 55 gal drum 0.21 mRu-Rh *=

I29 ~3 "" "1 x 10 Silica Get(d)9.9 x 10 I1 ==

1a 10'# All Others -91 x 10All Others ==

Actinides Actinides
3 3

1 m 10-9 0.0033 m 55 gal drum 0.21 re 0.01591 10~7 AllAll ==

I on Ag
v0G Fission Products Fission Products Zeolite @I

3 1 a 10'3 3 o1.0H = H =

b05 1 x 10-6 85 1.0 .KrKr ==

5x 10-2 Ru on pack age filter is backwashed to H'd W or remains until $WRu-Rh =

129 5 a 10-3 29 ;,jy3 dec W ss W ng
g1

,=

-7 1 a 10-7 I on Ag 2eolite remains until decereissioning1 x 10 All OthersAll Others ==

Actinides Actinides
All 1 a 10-I All 1 x 10'= =

HVAC See Data Sheet No. 21a

VEW See Data Sheat Mo. Ela There are no other solid mastes
than HEPA filters which are accou tede

UF, See Data Sheet No. 21a for as "FRP Conpactable Waste"
Prdcess

Of f-G as

a. From Table 3.3.27.
b. Traction of ccaronents listed in Tables 3.3.8 (Fuel Cycles 2a and 2b) and 3.3.9 (Fuel Cycle 3} for fission products; and

Tables 3.3.11 (Fuel Cycle 2a and 2b) and 3.3.15 (Fuel Cycle 3) for actinides.
c. From Table 4.9.8 (DDG) and Table 4.10.8 (V0G).
d. Contains only 51 of the input Ru and it of the other non-volatile nuclides. The remaining non-volatile nuclides are removed by t%e

scrubber and sent to the H'dW.
e. Contaias only the indicated nuclide.

,

. . _ _ _ _ _ _ _ _ _ _ - _ _ - _ _ _ , _ _ - _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _--____.m_ _



_ _ _ _ _ - _ _ _ - _ _ _ _ _ _ - - _ _ . _ _ _ _ _ _

WASTE TREATMENT DATA SHEET NO. 22b: Met Release Fractions for FRP Off-gases

Alternative: APS Plus I and Ru Removal
Fuel Cycles: Case 2a, 2b. and 3

Fraction of Fuel Content Released
C e onent Controlling Source Untreated Treated

3 VEW and DOG 7.7 x 10'I 7.7 x 10'IM

I"C 00G 1.0 1.0
085 00G 1.0 1.0Kr %-I -3129 ! 00G. 9.95 x 10 1 x 10
$

I" Ru-Rh 00G 2 x 10~ 1.5 x 10
-II

2 x 10'I 1.3 x 10Ze UF and VEW6 -12
95 Nb UF and VEW 2 x 10' 4x 10

6
Other fps V0G and HVAC 2N 10- 1.1 x 10' #

UF 1x 10 1 x 10'S-5
U =

Pu UF and VEW 2x 10~ 2 x 10'II

Other Actinides V0G and HVAC 2 x 10-I 1.1 x 10'I4

-- - - - - -_ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ __



- _ - _ _ _ _ _ _ _ _ _ . - - _ _ _ _ . ._

WASTE TREATMENT DATA SHEET NO. 23a
Weste Type : FRP Gaseous Waste Streams
Alternative: APS Plus 1. Ru, C-14 Removal
Fuel Cycles: Case 2a, 2t> and 3 *

Isotepic Conten; rr 1setopic Release Waste Volume
Waste Waste, Fractionta of During Treatment. Untreated Pac k agad Container Containers per MT* by Surf ace Dose Class

C:F"ponent Spent fuel laventory(D) fraction to AtmosphereIC) par MTHM per MT W Type Voluma < 0.2 R/Fr O.2-1 R/hr 1-10 F/hr >10 R/hr

DOG Fission P m ducts Fission Products [

3 = 5 x 10-2 3 |H H = 1.0
I#
C = 1.0 "C = 1 = 10 0.001 m 55 gal drum 0.21 m 0.0043

-2 3 3

of CACO 3fwith C-14',)
SS 85

.Kr = 1.0 g7 , y,g

!

I% -5 3 3Ru Rh = 2 x 10 Ra-Rh =5x 10 0.00025 m 55 gal drum 0.21 m
Ru on 0.00119
Silica Gel

129 9,9 , 19-1 129 ,j ,3n-3 0.0033 m 55 gal drum 0.?1 m 0.0159 5
3 3g g

I on AqIZ e tite 'I
-

i

.D
*

4All Others = 1 x 10~ All Others = 1 m 10 $ I

Actinides Actinides
All = 1 x 10~ All =1s 10-9

y0G See Dats Sheet No. 22e There are no other solid wastes than
MEFA filters which are accounted for i
as "FRP Compactable Waste"

HVAC Sae Data Shaat No. ?la
VEW See Data Sheet No. 21a

UF See Data Sheet No. 21a6
Process

Off-Gas ;

a. From Table 3.3.27.
b. Fraction of components listed in Tables 3.3.8 (Fuel Cycles 2a and 2b) and 3.3.9 (Fuel Cycle 3)

for fission products; and in Tables 3.3.11 ffu*1 Cycle 2a and 25) and 3.3.15 (Fuel Cycle 3)
f or actinides.

I c. From Table 4.9.24 (DOG) and Table 4.10.8 (V0G).
d. Contains only 5% of tha input Ra and 1% of the other non-volatile nuclides. The remaining

noe-volatile nuclides are remorad by the scrubber and sent to the HLlW.
e. Coetains only the indicated nuclide.

6
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WASTE TREATMENT DATA SHEET 90. 27
Weste Type : MCI FfP Combustible and CcT actable maste
Alt ernet tve: Incicerate
Fuel Cycles: Case 3

Isotopic Conten n isotopic Release Waste Voluma
Waste Waste, Fracti a of During Treat e t. Detreated F ac k agad Cortainer Coetainees per MT* by Suef ace Dese Class

Component Fuel !aventory b) Fraction to Atmospherd I per MT* per MiHM Tyoe bolume <0.7 R/hr C. -1 R/br 1-10 R/hr >iO R/hr

Primary &
Secondsey

3Trash 0.53 m (d)
Actinides

-

All = 3 = 10~# All = 2.6 a 10 ,o-6

.#
3 3 3

*
Filters 0.1 a 0 026 m 55 gaf drum 0.21 m 0.125 "

Actinides
All =7x 10' All = 2.6 x 10- 6

a. From Table 3.3.28 (Primary Trash and Filters) and Table 3.5.? (Sacondary Waste).
b. Fraction of coTorents listed in Table 3.3.13.

*c. From Table 4.S.67.
d. Except for filt=r media, the outputs cf t%ts f acility are incinerator as5 and scrubber solution =Sich

are iNbilized i'l concrete before packaging, as described in Data $heet %o.23.

s
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WASTE TREAT"ENT DATA SHEET NO. 29
Waste Type : MOX FFP Wet Wsste, Incinerator Ash and Scrub So1Jtion
Alternative: Bitumen Immobilization (Incineration of Co+ustibles)
Fuel Cycles: Case 3

Isotopic Conten in isotepic Release Waste voitmie
Waste Fraction {a) of During Treatment, Untreated P ack aged Coetainer Coatainers par MTm by Surface Dose ClassWaste

Componeet Spent Fuel Inventory (b) Frection to Atmosphe-e(c) per Mim per MT m Type Nolee + 0.2 R /hr 0.2-1 R/br 1-10 R/hr 210 R/hr
'

Ash
and
Scrubber
Solution

Actinides Actinides
All = 3 x 10-# All = 3 x 9-I2 0.34 m 0.0369 m 55 gal drum 0.?1 m 0.175

3 3 3

a
o

Primary * !

and .

Secondary g
Wet
Waste

Actinides Actinides
Am = 2 a 10-2 = 3 x 10- 0.372 m 0.242 m 55 gal drun 0.21 m 1.153 3 3

gjy
&

Other = 1.1 a 10-"

a. From Table 3.3.39 (Primary wet waste) and Table 3.5.2 (Secondary Wet Weste).
b. Fraction of corpenents listed in Table 3.3.18.

c. From Table 4.7.40.

!
!

,

4
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WASTE TREATMENT DATA SHEET NO. 31
Waste Type : MOX FFP Wet Waste ,

Alternative: Bitunen I: mobilization (Mininuam Treatment of Combustibles)
Fuel Cycles: Case 3

Isotopic Conten in Isotopic Release Waste volume
Weste. Fractionga) of During Treatwnt, Untreated Pac' aged Coetniner Containers per MTHM by Surf ace Dose ClassWaste s

Cteponent Fuel Inventorytb) Fractice to Atmoschere(C) per MTH" per MTHM Type Volume < 0. 2 R / hr 0.2-1 R/hr 1-10 R/hr >10 R/hr

Wet All = 3 a 10~II O 374 m 0.242 m 55 gaf drum 0.21 m 1.153 3
-

Waste Actinides o
and Am = 2 = 10-2
Secondary Other = 1.1 x 10-4 -

Weste $

a. From Table 3.L39 (Wet Waste) and Table 3.5.2 (Secondary Waste).
b. Fraction of comonents listed in Table 3.3.18.
C. From Table 4.7.40.

__ __ _ _ . _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____ _ _. ,
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WASTE TREAT =ENT DATA SHEET 'O . 32
Waste Type : MOX FFP Failed Equipnent and Nomunbustible, Monco'Tactable Trash
Alternative: Decontaminate, Disasse%1e and Pack age
Fuel Cycles: Case 3

Isotopic Content in Isotopic Release Weste Volurna
Waste, Fractige) of During Trestrwmt, Untreated F ack aged Cont ainer Containers per MTHM by Surf ace Dose ClassWaste
Fuel Inventory.bl Fraction to Atmosp%ere(C) per MT W per MTHM Type Volume < 0.2 R/hr 0.2 1 R/hr 1-10 R/he >10 R / hrComponent

Noncom-

,
All = 1 x 10'I' O.205 m 0.207 m 55 gal drum 0.21 m 0.985

3 3 3bustible Actinides
Trash All = 1 s 10 ,

-

.O
Failed
Equipment Actinides *>

~8 3 3 3 *All = 5 a 10'7 All = 4 a 10 0.20 m 0.204 m 4'n6'n6' 4.08 m 0.05
bones

a From Table 3.3.40 (af ter applying a d-contamination f actor of 20 in the f ailed equipment case).
b. Fraction of corronents listed in Table 3.3.18.
c. From Table 4.3.16 (f ailed equipment value adjusted f or the input value).
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WASTE TREATwENT DATA SHEET NO. 33
Waste Type MOX FFP Gaseous Waste
Alternative: Filtration
Fuel Cycles: Case 3 ,

Isotopic Content in Isciopic Release Waste Voltre
Waste Waste, Fraction (a) of During Treatment. Untreated Pack aged Container Containers per MT* by Surf ace Dese Class

Component Fuel Inventory (b) Fraction to Atmosphere (C) per MTW per MIHM Type Voice <0.2 R/Fr 0.2-1idhr 1-10 R/hr 10 R/hr

IVS ') ActinidesI

All = 3 x 10-7 All =1x 10'7

VEW(d) Actinides
, , j , g - 10 All 1.0=

o

All Others = 1 x 10-I2 h
$

No other solid wastes than HEvA filters
which are accounted for as "MOX FFP Compactable Waste.'

a. From Table 3.3.37.
b. Fraction of conponents listed in Table 3.3.18.

7c. Assuming 10 decontamination f actor for particulates in the APS.
d. This comonent does not pass through the APS.
e. IVS = Influent to air filtration system.

. - - _ _ _ - _ _ _ _ _ _ _ --
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WASTE STORAGE DATA SHEET INDEX

Fuel Cycle Options (a,b)
Sheet No. Wast e Tyr e Alternative Case 1 Case 2a Case 2b Case 3

1 Irradiated spent fuel Water basin storage R -- -- --

| of unpackaged fuel
,

2 Irradiated spent fuel Packaged fuel receiv- R -- -- --

ing and shipping
3 Irradiated spent fuel Storage of packaged A -- -- --

fuel
4 FRP liquid high-level Tank storage -- -- A A

waste

5 FRP vitrified high- Water basin storage -- R R R

level waste
6 FRP vitrified high- Sealed cask storage -- 0 0 D

level waste
7 Krypton-85 Gas cylinder storage -- R R R

8 FRP fuel residue Storage of packaged -- D D D

residue

9 FRi non-high-level Storage of packaged -- D D D

soliu waste waste

10 FRP plutonium oxide Storage of packaged -- -- R --

material

a. Case 1 = Once-through
Case 2a = U only recycle - Pu to HLW
Case 2b = U only recycle - Pu to storage
Case 3 = U and Pu recycle

b. R = Included in reference system for the fuel cycle
D = Added to reference in case of deferred repository availability
A = Alternative to reference system )

i

|

1

|-

1
|

|
1

f

_
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10.A.63

i
'Waste Storage Data Sheet No. 1

Waste Type: Irradiated Spent Fuel
Al terna tive: Water Basin Storage of Unpackaged Fuel

'

Fuel Cycle: Case 1

Annual Isotopic
isotopic Content in Isotopic Release Release Fraction to'

Waste, Fraction of here Atmosphere ring
Jent Fuel Inventory (a) Fraction to Atmosp(b)S During Receiving Storage

Fission Products |

All = 1.0 H = 2 x 10-6 3 = 1 x 10-63
H

14 = 3 x 10-6 14 = 1 x 10-8C C

85 = 6 x 10-5 85 = 7 x 10~7Kr Kr
129 = 1 x 10-7 129 = 9 x 10-91 1

Cs = 7 x 10'II Cs = 9 x 10-12
-

Other = 2 x 10-12 Other = 2 x 10-13
Actinides I

|All = 1.0 negligible negligible
Activation Products
All = 1.0 All = 2 x 10-10 All = 2 x 10-II

a. Fraction of components listed in Tables 3.3.6, 3.3.7, 3.3.8, and 3.3.10. Use
0.5 year age for shipping and 3.5 year age for average during storage.

b. From Table 5.7.12.

Waste Storage Data Sheet No. 2

Waste Type: Irradiated Spent Fuel

Alternative: Packaged Fuel Receiving and Shipping
Fuel Cycle: Case 1

Annual Isotopic
Isotopic Content in Release Fraction to
Waste, Fraction of

Spent Fuel Inventory (,) AtmospheregringStorage

Fission Products
All = 1.0 negligible
Actinides
All = 1.0 negligible
Activation Products,

All = 1.0 negligible

a. Fraction of components listed in Tables 3.3.6, 3.3.7, 3.3.8
and 3.3.10.

b. From Table 5.7.45.

. _ ._ _ _. .



10.A.64

Waste Storage Data Sheet No. 3

Waste Type: Irradiated Spent Fuel
Al terna tive: Storage of Packaged Fuel

,

Fuel Cycle: Case 1

2

: Annual Isotopic
Isotopic Content in Release Fraction to

Spent fuel Inventory (,) AtmospheregringWaste, Fraction of
Storage;

Fission Prnducts
All = 1.0 negligible

'

Actinides
*

All = 1.0 negligible

Activation Products _

j All = 1.0 negligible

a. Fraction of components listed in Tables 3.3.6, 3.3.7, 3.3.8
and 3.3.10.

b. From Tables 5.7.54, 5.7.66, 5.7./9, and 5.7.91.

Waste Storage Data Sheet No. 4

Waste Type: FRP Liquid High-Level Waste

Alternative: Tank Storage
fuel Cycle: Case 2b and 3

Annual Isotopic
Isotopic Content in Release Fraction to
Waste, Fraction of Atmosphere ring

Spent Fuel Inventory (,) Storage

Fission Products

3 3
H = 0.08 H = 0.1

85 129 = 1 x 10-4 !Kr =0 1

129 = 5 x 10-3 Ru = 1 x 10-121

Others = 1.0 Others = 1 x 10-13
Actinides

Pu = 5 x 10-3 All = 1 x 10-13
U = 5 x 10-3
Others = 1.0

a. Fraction of components listed in Table 3.3.8 (Fuel cycle 2b) or
Table 3.3.9 (Fuel Cycle 3) for fission products, and in Table 3.3.11 1
(Fuel Cycle 2b) or Table 3.3.15 (Fuel Cycle 3) for actinides,

b. From Table 5.1.15.

.
.__ _______ _ __ _ _ __- - ___ _ ___ _ _.



10.A.65
|

| Waste Storage Data Sheet Ncn5,

! Waste Type: FRP Vitrified High-Level Waste
' Al terna tive: Water Basin Storage

,

Fuel Cycle: Case Za, 2b and 3

Annt.al Isotopic
Isotopic Content in Release Fraction to
Waste, Fraction of Atmosphere During

Spent Fuel Inventory _(a) Storage (b)

Fission Products

H =0 Cs = 2 x 10-133

85 Others = 2 x 10'I4Kr =0
129

1 =0

Others = 1.0
Actinides
Pu = 5 x 10-3(c) All = 2 x 10-I4
U = 5 x 10-3
Others = 1.0

a. Fraction of components listed in Table 3.3.8 (Fuel cycle 2a and
2b) or Table 3.3.9 (Fuel Cycle 3) for fission products, and in
Table 3.3.11 (Fuel Cycles 2a and 2b) or Table 3.3.15 (Fuel
Cycle 3) for actinides.

b. From Table 5.4.7.
c. In Fuel Cycle 2a, Pu fraction = 1.0.

Waste Storage Data Sheet No. 6 ;

iWaste Type: FRP Vitrified High-level Waste
Al terna tive: Scaled Cask Storage
fuel Cycle: Case 2a, 2b and 3

Annual Isotopic
Isotopic Content in Release Fraction to
Waste, Fraction of Atmosphere ring

Spent Fuel Inventory (,) Storage-

Fission Products
1

3 All = 1 x 10-16 i
H =0

85 Kr =0
129

1 =0

Others = 1.0

Actinide _s

Pu = 5 x 10-3(c) All = 1 x 10-16
U = 5 x 10-3
Others = 1.0

a. Fractinn of components listed in Table 3.3.8 (Fuel Cycles 2a and 2b)
nr Table 3.3.9 (Fuel Cycle 3) for fission products, and in Table 3.3.11
(Fuel Cycles 2a and 2b) or Tablu 3.3.15 (Fuel Cycle 3) for actinides,

b. From Table 5.4.19.
c. In Fuel Cycle 2a, Pu fraction = 1.0.

_ _
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10.A.66

Waste Storage Data Sheet .No. 7

Waste Type: Krypton-85. )
Al terna tive: Gas Cylinder Storage i

Fuel Cycle: Case 2a, 2b, and 3

Annual isotopic
Isotopic Content in Release Fraction to
Waste, Fraction of

Spent Fuel Inventory $ Atmosphere (bD ringStorage

85 Kr = 0.9 ,1-50,yean
1 x 10~3 *

of inventory

S I -80_ yea _rs

1 x 10'3
of inventory
plus

4 x 10'2
,

of the amount
stored during
the year (n-50)

a. Fraction of component listed in Table 3.3.8 (Fuel
Cycles 2a and 2b) or Table 3.3.9 (Fuel Cycle 3),

b. From Figure 5.6.10.

Waste Storage Data Sheet No. 8

Waste Type: FRP Fuel Residue

Alternative: Storage of Packaged Residue
fuel Cycle: Case 2a. 2b, and 3

,

Annual Isotopic
isotopic Content in Release Fraction to
Waste. Fraction of

Spent Fuel Inventory (,) Atmosphere ( ringStorage

Fission Products
3
H = 0.15 negligible

8b
Kr =0

129
1 =0

Others = 5 x 10~4
Actinides i

All = 5 x 10'4 negligible
Activation Products
All = 1.0 negligible

a. Fraction of components listed in Table 3.3.8 (Fuel Cycles 2a and 2b)
or Table 3.3.9 (Fuel Cycle 3) for fission products, Table 3.3.11
(Fuel Cycles 2a and 2b) or Table 3.3.15 (Fuel Cycle 3) for actinides
and Tables 3.3.6 and 3.3.7 for activation products.

b. From Sections 5.2.1.7 and 5.2.2.7.
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10. A.67,

!

Waste Storage ' Data Sheet No. 9

Waste Type: FRP Non-High-level Solid Waste
Alternative: Storage of Packaged Waste
fuel Cycle: Case 2b and 3

Annual isotopic
Isotopic Content in Release Fraction to
Waste, Fraction of

Spent. Fuel Inventory (,) Atmosphere ( ringStorage

Fission Products
3 = 1. 5 x 10- 5 negligible11

85 Kr =0
129 6'x 10-81 =

Others = 1.1 x 10-5
Actinides
U = 1 x 10-6 negligible
Pu = 1 x 10~4

Others = 1 x 10-5
Activation Products
All = 1 x 10~4 negligible

a. Fraction of components listed in Table 3.3.8 (Fuel Cycle 2b) |

Ior Table 3.3.9 (Fuel Cycle 3) for fission products. Table 3.3.11
(Fuel Cycle 2b) or Table 3.3.15 (Fuel Cycle 3) for actinides.
and Tables 3.3.6 and 3.3.7 for activation products.

b. From Sections 5.3.1 ", 5.3.2.7. 5.3.3.7 and 5.3.4.7.

Waste Storace Data Sheet No.10
Waste Type: FRP Plutonium 0xide

Alternative: Storage of Packaged Material
' Fuel Cycle: Case 2b

Annual Isotopic
Isotopic Content in Release Fraction to

SpentFuelInventory{,) Atmospherdgring
Waste, Fraction of

Storage

Actinides
Pu = 1. 0 All = 4 x 10'II

IC)Others = 1.0

a. Fraction of values listed in Table 3.3.11.
b. From Table 5.5.6.
c. Fraction of components listed in Table 3.3.'16.

|

. , = . - , , . , - . , - ,. .
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10 A.69

I
TRU DECOMMISSIONING WASTE DATA SHEET INDEX

Sheet No. Waste Type Decommissioning Mode

1 TRU from FRP Dismantlement af ter passive
safe storage for 30 years V

2 TRU from M0X FFP Immediate dismantlenent

- .-
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Waste Management Unit Cost Data Sheet Index

Sheet No. Waste Management Step Fuel Cycle

1 Spent Fuel Storage and Packaging Costs 1

2 FRP Waste Treatment Costs 2a

3 FRP Waste Treatment Costs 2b 3

4 M0X-FFP Waste Treatment Costs 3
'

5 Storage Costs 2a, 2b, 3

6 Transportation Costs 1, 2a, 2b, 3

7 Repository Disposal Costs 1, 2a 20, 3

|

|
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Waste Management Unit Cost Data Sheet No. 5
Waste Management Step: Storage Costs
Fuel Cycle: Case 2a, 2b, 3

Unit Costs {1978 SJ
Waste Type Source Treatment Containers S/6g HM $/contaiEr

I
High-level haste FRP 5-yr FRP storage 30 cm dia x 3 m canister 13.80 42.000

Federal interim storage 50 cm die steel cask 12.90 39.200(a)

Fuels Residae FRP 5-yr FPP storage 76 c!r dia canisters 10.77 44.700

Federal interim storace 76 cm dia canisters 6.20 25.800

in t ennedia t e- FRP 5-yr FRP storage 76 cm dia canisters 1.60 44.700
Level Waste '5-yr FRP storage 55 gal drums 5.00 1.200

%deral interim storage 76 cm cia canisters 0.90 25.800

Federal interim storage 55 gal druris 2.80 700

Low-Level waste FRP 5-yr FRP storage 55 gal drums 0 40

1.8 a 1.8 x 1.2 m bones 0.43

Federal interim storage 55 gal drums 0.33
,o"1.8 = 1.8 a .2 m bones 0.3 ; ,

>
kr-85 FRP Interim storage at FRP 42.5 gas cylinder 16.40 226,000 .

,-

N
tO

a. Cost is based on 30 cm diameter canister stres. Cost of etber canister diameters has not teen evalaated.
b. Costs per coctainer are f uel cycle deMndent cwing to dif ferent nJmbers of contaicers of waste generated. The

table below gives the unit container costs by tuel cycle.
Storage Op_ tion Container Case 2a Case 2b Case 3a Case 3b

5-yr FRP storage >; gal drums 300 290 290 --

bones 16.000 13,300 13.300 --

Federal interim storage 55 gal drums -- -- -- 120

bones -- -- -- 3.750
,
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10.B.1

| APPENDIX 10B i
1

SPENT FUEL LOGISTICS TABLES

The six tables in Appendix 10B describe the movement and location of the spent fuel from
.

|
the time it is discharged from the nuclear power plants until it is either reprocessed or |

disposed of in a geologic repository. Only six tables are required to show the spent fuel j
logistics for nine fuel cycle cases because the spent fuel logistics for four cases (2A, 28,
3A, and 30) are all identical. These tables show: I

l
'

annual spent fuel dischargese

annual inventories of spent fuel stored in nuclear power plant (reactor) basins and inde-e

|pendent basins

annual spent fuel packaging ratese

annual cumulative quantity of spent fuel that has been packagede

annual spent fuel inventory in extended storage facilitiese

annual rate at which the fuel is delivered to a final repository or fuel reprocessinge

facility

annual cumulative quantity of spent fuel in the repository or reprocessed.e
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APPENDIX 10B

INDEX TO SPENT FUEL LOGISTICS TABLES
.

Table.

CASE 1 - ONCE THROUGH CYCLE 10.B.1. . . . . . . . . . . .

10.B 2CASES 2 AN9 3 - REPROCESSING FUEL CYCLES. . . . . .

CASE 4A - DEFERRED DECISION FOR ONCE THROUGH CYCLE. 10.B.3. . . . . . .

CASE 4B - DEFERRED DECISION FOR U AND PU RECYCLE 10.B.4. . . . . . .

CASE 1 - LOW GROWTH - ONCE THROUGH CYCLE. 10.B.5. . . . . .. . . .

CASE 3 - LOW GROWTH - U AND PU RECYCLE 10.B.6. . . . . . . . .
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TABLE 10.B.4 Spent Fuel Logistics for Case 4B - Deferred Decision for U and Pu Recycle - MTRi Page 1 of 2 -

Reactor Water Basin Storage- -----Packaging-------- ---Extended Storage---- --------Reproce s s i ng-------

Year Di sc ha rge R_eactor ,15F,5F Ann _ua l Cysnul,a tive. Input inventory _ . Input _ Cumulative . Vee r

1974 699 late. e. Q. O. D. O. O. n. 1975

1976 775 2165. D. D. O. D. C. D. n. 1976

19?? F5 . 2*82. 6 O. O. O. C. 3. O. 19779

1974 1101. 3862. D. O. C. O. C. O. C. 1978

9979 1150 Sep'. e. D. O. C. C. 3. c. 1979

9960 1268 4794 O. C. O. O. 3. c. o. 1980

9991 late. 7652. P. O. 3. C. D. D. O. 1981

1992 1557 9153. D. O. c. C. O. C. O. 1982

9983 1795 10stn. att. O. O. O. O. c. C. 1983

te9a 2137 Itnes. 911 O. O. C. C. 3. O. 198a

3844 2483 12417. tame. 700. 700. 700 700. O. O. 1985

1986 2785 13492. 2ta?. 1300. 2000. 1300 2000. c. D. 1986

1987 3201. 13m37. 2P95. 2000. a000. 2000 4000. O. O. 1987

1988 3504 14951. 3733 2000. 6000. 2000 6000. O. O. 1948

1949 3??0 15679 a6aP. 2000 8000. 2000 8000 4. O. 1989

1990 4071 15706. SP39 270C. 10700. 2700 10700. O. C. 1990

19et aa95 16aa3. qaat. 3300 14000. 3300 14900. O. C. 1991

1992 a826 17a6a. S&#3. 3300 17300. 3300 17t00. 3. O. 1992

1983 5250 18A*3. 6731. 3399 20699 3399 20699. 3. C. 1993

1994 9710 20>4a. 6755 3386 24085. 3386 Pagn5. O. m. 1994

9999 6207 21992. 7531. 365a. 27739 365s. 27739 3. C. 1995

1996 6600 23901. 7967 3858 31597. 3858 31597. C. D. 1994

1997 7225 25a?!. met?. 4313. 35910. a313 35910. O. n. 1997

3994 7770. 77967. 9321. a657 40567. a657 40567 C. O. 1998

3999 8118 36>c9 1006a. a929 a5496. a929 45496 O. 3. 1999

7600 4736 32368 1079n. 55al. 51037 55a1. 51037 3. O. 2000

7001 9169 9aA26. 115ap. 59a3. 56940. 5943 96980. D. O. 2001

7002 9173 36709 12735 6a00. 63380. 6400, 63380. D. O. 2002

7001 9233. 38at5. 12a05. 6922. 70302 6922. 70302. O. O. 2003

7006 9237 39727. 132a?. 7486. 77788. 7486 ???88. 3. c. 200s

pecs 4049 aOS76. 13559 7898 85666. 7498 85696. O. c. 2005

70nb *133 41378 93t26 Sant. 9a128. 8ss2. 9a128 O. O. 2006

Pan? *124 41285. 13767. s986. 103gte. 8986 10311a. c. 3. 2007

7004 9t?3 sti61 13720. 9313 112427. 9313 112a27 O. O. 2008

poco a962 41699 13694 9128 121555. 9128 121555 O. O. 2009

70tn 9243 40986. 13662. 9215, 130770. 85a8 130103. 647. 667. 2010

7ntt 90e3 40es3. 1364P. 9199 139969 7866 137969 1333. 7000. 2011

Pit? 9232. 41687 13696. 89a5 ta89ta. 6278 tacts?. PA67. a667. 2012

Pat 3 9098 41666. 1966*. 92a2. 158156. 5909 15eg56. 3333. p000. 2013

7014 *226 41634 13674 9090. 1672e6. ta23. 15a579 4667. 12667. 201a

7015 8597 a0033. 13ses. 9051. 176297. 3718 1582 7 5333. troco. 20159

70th 4308 40aan. 13a80. 9110. 185407. 2443 160740. 6667. ta667. 2016

pot? na06 39ata. 13P75 9179 194586. 1846 16P586 7333. 32000. 2017
tota 7963 39987. 13929 9167 203753. 500 163086. 8667 se667. 2018
7014 7917 38725. 12747. 9089 2128at. O. 162842. 9333. 59000. 2019
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10.C.1

APPENDIX 10C

WASTE SHIPMENTS SENT TO REPOSITORIES

Appendix 10C consists of 52 tables that describe the number of containers sent to reposi-
tories, the average activity in the containers and the average heat generation rate at 5-year
intervals of these containers. The tables are grouped by fuel cycle case,

The first table in each group shows annual and cumulative number of containers that aree

being sent to a repository,

The second table in each case describes the average radioactivity in all types ofe

containers.

The third table in each case shows the average heat generation rate of these containers.*

A fourth table in the reprocessing cases shows the number and type of TRU waste containers*

held in interim storage,

Four additional tables in the reprocessing cases describe the high-level waste containere

sizes, number of containers, radioactivity and heat generation rates af ter adjustment of
container sizes to ueet thermal criteria limits in each of the four geologic repository

media.

1
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APPENDIX 10C

WASTE SHIPMENTS SENT TO REPOSITORIES

Appendix 10C consists of 52 tables that describe the number of containers sent to reposi-
tories, the average activity in the contairters and the average heat generation rate at 5-year
intervals of these containers. The tables are grouped by fuel cycle case.

The first table in each group shows annual and cumulative number of containers that areo

being sent to a repository,

The second table in each case describes the average radioactivity in all types ofo

containers.

The third table in each case shows the average heat generation rate of these containers.e

A fourth table in the reprocessing cases shows the number and type of TRU waste containers*

held in interim storage,

Four additional tables in the reprocessing cases describe the high-level waste containero

sizes, number of containers, radioactivity and heat generation rates af ter adjustment of
container sizes to meet thermal criteria limits in each of the four geologic repository

media.
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APPENDIX 10C

INDEX TO WASTE SHIPMENT TABLES

Table

CASE 1 - ONCE THROUGH CYCLE - REFERENCE TREATMENT

TRU-Waste Containers Sent to Repository . 10.C.1. . . . . . .

Radioactivity in TRU-Waste Containers 10.C.2. . . . . .,

Heat Generation Rate in TRU-Waste Containers . 10.C.3. . . . . .

CASE 2A - U ONLY RECYCLE - PU TO SHLW - REFERENCE TREATMENT

TRU-Waste Containers Sent to Repository . . . . . . . . . 10.C.4

Radioactivity in TRU-Waste Containers . . . . . . . . . 10.C.5

Heat Generation Rate in TRU-Waste Containers . 10.C.6. . . .

TRU-Waste Containers in Interim Storage . 10.C.7. . . . . . .

Revised Solid High Level Waste Containers

HLW Container Sizes for Each Geologic Medium. 10.C.8. . . . . . .

HLW Containers Sent to Repository . 10.C.9. . . . . . .

Radioactivity in HLW Containers . 10.C.10. . . . . . . .

Heat Generation Rate in HLW Containers . 10.C.11. . . . . .
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TRU-Waste Containers Sent to Repository . 10. C .12. . . . . . . .

Radioactivity in TRU-Waste Containers 10.C.13. . . . .

Heat Generation Rate in TRU-Waste Containers . 10.C.14. . . . . .

TRU-Waste Containers in Interim Storage . 10.C.15. . . . . .

Revised Solid High Level Waste Containers

HLW Container Sizes for Each Geologic Medium. 10. C .16. . . . . . .

HLW Containers Sent to Repository 10.C.17. . . . . . . .

Radioactivity in HLW ccntainers 10. C.18. . . . . . . . . .

Heat Generation Rate in HLW Containers 10.C.19. . . . . . . .

CASE 3A - U AND PU RECYCLE - REPOSITORY IN 1985 - REFERENCE TREATMENT

TRU-Waste Containers Sent to Repository 10.C.20. . . . . .

Radioactivity in TRU-Waste Containers 10.C.21. . . . . . . .

Heat Generation Rate in TRU-Waste Containers . 10.C.22. . . . . . .
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10.C.24

HLW Container Sizes for Each Geologic Medi a.
.

10.C.25.
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_ Table

CASE 1 - LOW GROWTH - ONCE THROUGH CYCLE - REFERENCE TREATMENT
TRU-Waste Containers Sent to Repository
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Radioactivity in TRU-Waste Containers
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.

10.C.47
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Heat Generation Rate in TRU-Waste Containers
10.C.48
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Case 1 - Once-Through Cycle - Reference Treatment -TABLE 10.C.l . TRU Waste Containers Sent to Repository

e.e ca%ISTEag awa esNISTEss T0tal CaNISTEe3

vEne s%Noag CoMutaTIvf s k.,J a t tijm et a T !v E awhgaL CurdLA?!vE 7Eae
.......... .............................. .......... ......

1985 1.6aE+63 1.g#r+61 A.P*r+m2 4.29E*02 2.5tf+03 2.StE+03 19e9

599n 9.46E*at 2.3tr+na 1.62r*at t.37E+9a 9.a8E*03 3 6*E+oa tote

1994 7.2aE*ot 5.70E*ca s.otr+9= 1.6*E+as 1 22E+0s 9.38E+ce 1985

2006 1.ttE+ea 1 04E*0s 7 a8F+e3 6.82E+%4 1.P6E*06 1 72E+05 2000

7005 1.6aE+Sa 1.7ar+cs 1.ngr+ea 1 15E+o5 2 64E*04 2.98E*95 2005

2016 1.8'r*0e 7.45F+et 5.717+ea 1.75F*e5 3.10E*04 a.40E*05 2616

20tm 1.ReE+na 1.5+F+cm 1.19t+0a 2.3*E*e5 3.0pE+04 5.9aE+05 2015

2020 1.93E*Sa a 5pr+es i.pir+ea 2.9Ar+n5 3.15E+04 7.a6E+05 202m

202g 1.5st+6a s.tSt+0s 1.aaE+6a 1.5tE+a* 2.63E+ca 9.8BE+c5 2c29

polo 1.a*F.Be 6.15E+0s i.asF+6a a.0aE+m5 2.53E+0s 1 02E+0h 2036

303k 1.taE+ca 6.n3F+cs 7.t>F+61 a.esE+eS 1.92E*0s 1 13E+06 2739

20er 9.1,F+61 7.tMr+0s m.ett+et s.79t+m3 1.5cE+04 1 2tE.66 20aa

704% 5.53r+ni 7.7gr+es i,p3r+ei q.ci +35 8.71E*03 1 27E*06 20sq
F

9.0a!*a5 0. 1 2SE+mb 2050
2056 0. 7.7?r+as 6
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TABLE 10.C.2. Case 1 - Once-Through Cycle - Reference Treatment -
Radioactivity in TRU Waste Containers

fi'8IEa/CONTat&FD Cus!ES
oma tawltvEng o9 cas19TEng Cumuta?!vEvt&R F8+ap A:tfNTOFa rp+Ap ACTIN!OES F#*a8 agTI% IDES VEse.... ...... .......... ...... .......... ...... .......... ....

1985 2.5tr+ma 6.atr+0i a,egr+ee 2.6ar+6a 1.20E+C6 3.20E+0? tgeg
1996 a.6aF+6a 1 15 E* *.a 1.mtr+6s a.10r+ma P.52E+09 6.82E+08 1993
199% 5.1,E+as 1.25c+9 g.7treet a. ate *ne n.PtE+09 1 6tF+09 199%
2003 9.P=E+na 1.DaE*0a t.7pr+ns a.aaE+na 1 2aF*10 3.2?E*09 200m
?COM 5.3aE+96 1.tcr+0c p.tareas e.aaE+aa 2.05E+10 5.35L+09 206g
20tn 5.7at+9a 3,atr*Ca 1.ma5+^* s.79E*0s 3 09E+1C 1.95E+a9 2010
7014 5.4*F**8 1.aPF+Sa 9. par +ag a,7st+ea a.CSF*10 5 02E+10 2014
7029 4.73F+ca 1.16E+ca 1.anr+ns d.57E*ne s.A6E+10 1.20t+10 2SPD
7029 5.9%r+na 3.s3E+ra 1.4"F+0% a.5?E+ne 5.69E*10 1. 32E + 3 0 2n29
703n %. oar +na 1.iar+0a ,.73r.as a.33E+aa 5.92F+10 1.38E 30 203e
203s 5. a % E + c. a 1.)?t+0a 3.73r++g e.38E+9a t.06E+10 g.3?E+10 2035
70ap a 9aF+0a 1.10E+9a i . A P F + e. * 4.95E*ma 5.99E+10 1 3tE+10 20a0

a

20a% a.tst+^a n.32'*^t t.atF+99 1.2pF+na 5.67E+10 1 18E+10 21ag
2056 P. a. m. 3. 5.caE.10 9.g0E+19 2050

.



Case 1 - Once-Through Cycle - Reference Treatment -TABLE 10.C.3.
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TABLE 10.C.42. Case 4B - Deferred Decision for U and Pu Recycle - Reference Treatment -
Revised Solid High Level Waste Container Sizes for Each Geolo'ic Medium

Salt Granite Shale Basalt
3.2 kW/Can. 1.7 W/Can. 1.2 tu/Can. 1.3 ett/Can.

Year Dia. Y?ar Dia. Year Dia. Year Dia.

2019 12. 02 19 12. '2015 13, 201% 17.
2016 12. 201A 13, 7036 12. 20th gp,
2017 12. 2017 12. 701? 10. 7017 12
2014 12. 20ta 17, 7 cts is. 70ta 13,
201e it. 2010 12. acto IS. 2 Die 93,
2020 12. 7020 12, 2020 ti. 202n 10,

0 02 21 12. 2 21 12. 2079 13. 7329 19,
02 27 32, 7027 12. 7027 10,- 2077 33,
02 24 12. 7023 13 2021 33, 70ai g,,

2 2a 13, 702a to, 207a 13, 702a 13,0

7029 17. 7925 10 732s e, 7'7s 16,
7026 17 7626 in. 247',

7 7^26 16
7027 17 7027 in, 732 a, pa7, in,
7028 17 762m to. 7"d* 8 7"2" to.
7029 17. 7020 13. 272o a, 3673 a,

7030 17 2019 16, 7Mn 8 2nta a,
7031 17. 7633 .le, 2731 m. 2611 8

7037 17. 7032 10, 7a17 *. 7n37 *
.

7633 17, 7n13 in, am s. pan a,

Pe3a 17 7634 In. 7'is 8 J'*c 5
-

7033 17, 763s to, #c!% a, 2636 s.
Pola 17, 7036 in, pat 6 6 P r. t * e,

7037 17 po37 to, 233, e, pa3, a,

753s 17 in3a gn, ants 4, at ta a,

7034 17, pa3e in, 243w a, pato e,

7940 17. alan in, 3'ue * 79dc s.,

7661 17, seat a, 2*61 a, p*6, a,
peep 17, 79ap a, p .62 p, pro) s.
7043 17 Jiat a, >* - * Arme s..

7044 17 734a a, 29Ei s. pnas a,

76a5 17 Poem p. 7*LE h. ?*d% h,

7686 17 7M46 a, 7"aA '. 7066 S.
70a7 17 Past a, 2*a? 6, 7n&T k.
7084 17, pnas g, 2%E 6, p r. a s a,

scat 17 7nso n, 2941 A. arco e,

7050 17 patn a, )*we a, pose a,
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- -- . - - . - - _ - . -



.

S 8 s C W. C W C F C r C F C y. C F. C p C E

e4 e e e O O ** *e die av m m e e en we e d > e.

Sa S P @ & O O O O O O O O O O O O O O O O

P G e* es se N GW me et de me me as N se en as at es es 44

es y e e t E E W_ E 9 E- 9 mh

O O O O

O. O. e e 6 e
C- O O O+h

$., 3 O. O. O.
ha ha he he he W W Ina ter W h) W We e e e

, J ag g O e es d & O e e e e e o e
h

e

q has J9 me e e d se > N > > b b b >

b g*
he E 4 * e e * * * * * * * * * * * * * * * *
J 30 C O C O O O N D- Su e ** ** N 88 N 84 N 88 888

g y 3g
g

u4e3 e

es em et e o e e et
U -u 3

O C O O O O Oes a
e. e e e e e e *O +3

J. W hJ hs and tse tsA inw WC ad a

W
w

owe 8 C F d o e e e >W ,,

W me > 0 3 me et CJ c O O W5 F * *c . e e e

g O me t O O O O O O N N @ * * * * F' O O O O O

W Oe3 3 e o e o e e e e e e e e e e

J es a g

6

We A F. e e T F F F F F F F WW
O O O O O O O O Or.~

e e e 6 e e e e eU
O,D 8 O O O

> e tsJ k' he W Ebs ha W hJ hJ W W W Wg ** 8 e e e
g e N e e e e e e e ey

e J et 6 O yt
Pts & M e e O O O O O O

o e

k h , b E 8 e e e e e e e e e e e a e e e a e
In6 J G me w e

J 3 8 O O O O O O sw e Pt > we es m# pt Pt M pt e m
0 D 3#

D
b c uemVO

: lb me pt pt e e e e M
C +8 ~0v T

C.
C. O.G C C D C

M+ ** **
4 + e e 4

M W W ha hsh" E
h.s. ta bs endDR * O 488 m I c, y .
O O O WD 9. es a >~

tw 4.J O en X 9 e e e o e o e e o e e e o e e e o e e
L O - e e- : e mf Fi F

Og et 3 e 8 O O O O O O ad N > es es es we Pt O O O O O
O C( g .8 M 2 8

g eJ m
O 3

er= 4 b
@ Cm

M> We Sk 9. e o e 9 7 Et Et F 9 E E.
*e= WW

g * * O O O O O O O O O O O O Oi

@y ** 8 e e e e e e e e e e e e e

L & S he ha he W W ha W ha ha he as ha he

ggy .8 e # C Ft 9 @ ** O *e e e e e e 45

g, ha Jf N P dhe OR > me > O O O O O O

g gg - m. E 4 e e o e a e e e o e e o e e e e e e e

J 3 O O O O O O as rt 99 55 4 ee es my N me as as as,c.,,,,, & 30,

U {g .. u ,

Q U r== } '5 m me m en se at m e m. O
** O C O C O C O D

O e e e e e e e 4 6

6 WW 4I * JB ha he W he ha W W WIw

8 e e < e e e r
+J es -: e ma > O d e e e e,' O t.ea e

I ,m. Oe3 0 e e e e e e o e e e e o e e e e e e e
CD M V

s , m38 8 O O O O O O fif we F1 e e e e M O O O O O
= 'm W J 8B 2 8
g
mD>
W CC W
U & CC

M W6 av v e e e a W @ V V V W. W

> 8 O Cs O O O O O O O O O O O
r

W ** 9 6 e e e e e e e e e e 6 e

> e ha esa hJ he he he ans W W W W GW W

J et S O at O ye e e O yt ut et et W5 wt

U'
ha Je WW F O es e 9= ** SW af M Ad 88 dif

C he E G e e e * * * * * e e * * e e * e * * *
O'

. D 34

e J 34 O O O O O O WW Nt Su 48 4 4 ** ee ** ** ** ** **
7"

La.1 * * * ' Mt

GW S4 W5 ft m Pt F4 99J e5 I
o .* O O C O D C O CO O

e e e e 6 4 e eer e4
Pf N a the W W

* .J B an8 W had ta# hen e e- p d

O he e 8 L e s o- e ee ae

M s- D 3 m$ Q* S e d $ $ W

D as E 9 e o e * e e * e e * * * * * * * * * *
se 3 et 9 O O O O O O ftf ** Pt e e e M ee O O O O O
JOS O

en 8 9 C V C 9 C 6 C W O 9 C W C 6 C 9 G W

es e e e e o O we we N #4 sue Pt e e et 59 e d > >

me B P P P O O O O O O O O O O O O O O O O

P O es es we sh N she 4% As el 848 GW N ## N Elf 88 dtB 4W W

~- __



!i ,i}|{iliIj }ll|\

4 . ,
.a n g n u h 0 g o S

T , 6 o a l I 4 r g E
1 , s e g c o O 0 o g g o n 0 0 0 g o 0

,o g 4 g 0 5 o h
4 . , s l g t t 3 3 g t g g t g 3 3 3 g 3

e 5 E 9 9 t 4

-

l
u .

8a
w 3 h 6 s a i k s hi G . 0 0

c. C O o o C1 Ie * *3 M 3 3 3 3 3 3 3 3
+ + + + +a n I . 9 6 9 9 E t e E

a
l - 3 '

* * * * * * * * * * * * * * * * *E e 9 8 E e r ea 1 o o 0 c Q G 4 9 9 * e 4 e s Q O G

l e Va il m
O' O'c v, ess *u eg t e

a g * 1 E E E 6 5 6 6 5aa t

aa -
4 0 0 o 0 0 0 0 0j u t CEd + + * + + + + +1 I' . 3 3 3 3 3 3 3 3at 1N * 4 9 4 E 4 9 1 4b e 0fd

- - * * * * * * * * * * * * * * * * *
# 9 1 E 5 9 5 5l s3d c s G C Q O t 2 E 2 2 2 1 2 C C G u O

u
o

a3
t /
3 s
4a .

8
3y 3a E 1 m t n 1 a h

C C C e o G 0 c C
d n 7 I + + + + + + + +3s 3

3' 3 3 3 3 J 3 3 3
n a
d - a

'

4 * e W 9 E

n'
d 4

0
* E 9 2 s E s t 6

1 s 5a' c' d'
* *1u a .* * * * * *p st C CY 1 9 v 3 e &

a m s'pW sS * * * * * *uae 6 Q C G C O
eaq

i4uu . s
; m3nt o S E E E 5 E E E

2 Ae3 c 9 c g 0 c o Joua
i

GSdal + + + + + + + +iI' 3 3 3 3 3 3 3 3
lh *; oi cv* * k s 4 * } 4

1

* * * * * * * * * * *3s s3d a a C o o o 2 2 t g 3 2

* 9 C E 5 e E gu e
oaM * * a

O' * * * *t a t g O Q Q ossl
t P a
aM^

.a - B 8cD1 3
d E E E * 4 50 G C C 0 0 0

pi4 1 C'
hI

3' + + + + + + +a 5 3 N . 0
3 3 3 3 3 3 3

aut 4 I

E'
* 8 9 0 9 5 5

atg
N 0'

J - - * * * * * * * * * * * *E 9 6 9 1 9 4
a 1

aP 0 c Q O C Q 4 6 9 9 9 1 l 4 Q O

j 4p 'l

apt aW 35
a;t - m *

O' * *
C GI4o

- 1 s 4i n3 E E E E E 5 6 6
42 C G u Q u 0 9 9s3p l' Q Sd * + * + + * + +1 i'p ea 1m* 3 3 3 3 3 3 J 3os 0fd k E 4 9 s 5 W 4at * * ' e

O'spp 6 3d a a * * * * * *3 9 e 1 9 5C O O 2 E E E' * * * *eea
O'

g * 2 2 * * * *3dd O O C C

i +
*

t 1 E s E e s 9
- 0 Q o C c G'3 7 e1

.o 0+ + + +o-
3 N Q+ + +3 3 3 3 3 3 3 3
4 1

t 9 2 0 c 1 2 y
J

d' 0
4t

* - * * * * * * * * * * * * * * ,* * *E E 9 G g 9 4 3
* c s G Q C Q 4 o *3 ts? 7

e / * t 4s 1" SS1 l E 3 C O C C Q
g

iey 2 n3i E' 1 E S E E 5 5 E 69 o u g 0 0 a 0
CSd + + * e + + + +1 i' 3 3 3 J 3 3 3 3
1m* 5 h 4 e 8 W t 4
C fd * 9 e 5 t 9 6 oa' * *E3d

o'a * * * * * * * * o
O Q C 2 E e E E 6 9 g 0 O

* *
O' O'

*
0e . , a n U n u b c n u h c h g n d n 9 E

1
V , s 6 C 3 ts s 4 C 0 e 0 e c c 0 C 0 g c

l r i E E e e g E
A . s s 3 E 2 t 2 a t f 7 2 2 g t 3 8 2 3

0' 9 4 4
0 c 0

-
_
_

-

-

-



. . . . .. . . - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

E t W. C E C W L W C W- C W. O V- C W C V- G 9
e 4 en e e O O es se 8W At M M W 4 51 ft e e e= #=

tm4 8 P P 9 O O O O O O O O O O O O O O O O
3- 9 se e4 me As WW Af N fW SW M6 to 8tf N 8tf SW Af 45 au as

0

9
C E 4 h & A A A h h h

ha G O O O O O O O O
O e e e e e e e e e

J M S tas W he he gaa ha and W
@ ene 2 8 W9 P M ee > F5 > WE
W > ee e e O se e Po m a ce
L
HL *

b > $ e e e o e e a e e e e e o e e e o e e
J 43 9 O O O O O O As fts WW se ** 8W Was M O O O O Ogo e e

@ C
e

I-u
Uw e* Le et

* 18 >= dr WW #s fu Sts fW At Mr dWC g
@p $* EM O

O. O. C. O.
O C O
4 O eLC ,,, .* . e

OO - CM& 8 I*a W hJ ha ha tea hs
. haa ea *= e e er n er Wr e e s' e-gpy M'JF4 8 W) m F P M > Ngg

() e& 3 e o e e o e e e o e e e e o e o e e egg
M 4.J h 9 O O O O Cs O b E' F b b e W @ O O O O O

eM
et3

W3
m
O 9 e
h F 8 db a sh A A A h &
UM we o o o O O O O O
Uk O 8 e e e e 4 4 e e

ED d ** 8 lbJ h8 Ina W ha tas hs W
C M ha 2 4 ys y e es > y, e gg

3P L * ** 8 e O pr. es prb m a we
b & 8 e e a e o e a e e o e e e o e e o e eO. m O ,

J u8 O O O O O O m, sW e. ee e. As 8W M C O O O O& C c 4 8TCw e
C Oe &O 3

mWW ~ 2; 88 M

s[, g "I he
# N N h m N 4 W hC c O c c O c c oaeO b 8 4 e e 4 e e e 4py N

= OM& 8 las tai tak he ha hk Ina thJ( g
**

J2 4 a e P m M e m > m
****"8 0 W =a e. F es e tr* , e=g g

y3p th e n e e e o e e o e o e o e o e e e e e e e
gfM e u so e O O O O O O > e e e p. e e e O O O O O

OE3
vH
M &

*r= C 0
U**= > ,
D W r. t A h em & A db Sh ens

OOW ena 0 C O O O O O O O
M O O e e e e e e 4 4

VMf J M $ esa ha aba w ha W he hk
@E CE ha 2 9 W1 O M O e > P Nt
L e > ** a as O es sW we e as =

% e,O
, g > g e e e e e e e e e o e e e e e e e e eL gZ

e e J an e O c C, O O O m m m a m m et m O O O O O

-V GJ 9 e8
WMP MY I

E W M W M M M N 4H.
4 @M 6. 36, O C O O O C O O

d es > e e e e e e * * *g
* CM& S W W W W W W W W

g@g " en we e e e o @ e e *e- W e
WYN J24 0 M N F m N M @ N

M ueL 5 e e e o e e e e o e e e e e e e e o e
0 +# * Muh 9 O O O C O O k e. P =* =e ee e e O O O O O
att st3 >
fu O W
WIE

* a
LO K. s. A sb h & a. GL gr en
e:F hs 8 O O O O O O O O

+ 0 0 e e e e e 4 4 4

W J e=e 4 ha he he he W esa he - en#

* W 2 G Fl O F b G3 6 @ S
3 De a e O O es O me e. O

,e ,

ena e- * * * * * ** * * * * * * * * * * * * * *r
e A u9 O O O O O O A# Sr* M m M W4 == > O O O O O

*# U e9 ey -% y
.J g is

" Sta m 9 m e M M Meo

b a

E ens O O O L C O O ON
> G e e 4 6 4 4 e e

" O et & 8 And he hi ha W ab8 hA hJ
>= o+ e 4 s C fa r & G C d
J24 9 M 84 W e #= S 9 W
C3 e & 9 e o e e e e e e e e e e o e e e e o e

et u h 9 O O O O O O b ** ** es ** ee we ** O O O O O

'

.c .r.
.

.O .c .c r. _ |
c .. c . c - - , O. ,
o o - . ~ m - . #=4 .

ha e & P P O O O O O O O O O O O O O O O O
> 3 es we we sw sn* fle su GW 8W 4 41 #W fu N GW su du du ett at

J

l

i
!

.
.

.



_ _ - _ _ _ _ - - _ _ -. . . . . .

TABLE 10.C.46. Case 1 - Loa Growth - Once Through Cycle - Reference Treatment -
TRU Waste Containers Sent to Repository

e.= ca=tstEen see ca*rstEas Totai caatsitesvtaa 4=% aL Cuat'C a T!vE aukusL CU"Uta?!vE an%uaL
Cd".ukaftet TEse.... ...... .......... ...... .......... ...... ... ...... ....

t'es t.6er+ns 3.seE+0i 7**+e2 a.2*E+n2 2.5tt+os 2.5tE+03 1985.

199n e. nit n: 2.str+on p.nor+ni 1.2ar+ne 6.72r+os 3.e5E+0 toen

1*** 4.ltr ni 5.nnr+ne e.nnr.ai s.tarene i.ete+0e s.16E+oe 1**s
700n a. air +ni ..?et+0e *.st*+nt 5.6eE+ne 1. oE+oe 1.ast+o5 2een
poem t.nsr.no 3.isr+n= ..ver+ns e. tee +ne 1. vet +0e 2 22E+ns 2 ens
potn 1. tee +ne i.*3r es 7.=ar+as t.2*r+ns 1.*at+oe s.2eE+99 20tn
Pot % 1.2nE+ne 7.52F+nt 7.3nr+ni 1. 6 a t + n %- 1 95t*04 e.16E+ni 20tg

7026 1.2pr+pe 4. tar +0g 7.73r+pt 7.nqF+ns 1 99t+0e 5.35E+05 202n
7029 9.etF+91 1.62r*nt e.99F+nt 2.3.f+95 1.54E+0e 6. ore +0i 202s
703n 9.n=F+nt e.n*F+0s m.etr+ci 2.seren5 1.5SE+0e 6.76E+nS 2010

17034 7.5eE+nt e.e8 *09 a.70F+nt 2.97E+n5 1 23F+0e F. ace +05 2019
poen e.tirons e.7sr+ns p.v$r+es s. net.n5 .. nee +os 7.seE+c5 anon
20e9 2.F7t+nt e.92F+nt t.sar+nt 3.2nE+e5 a.etf+03 Bel 2E+0% 20eg

705n P. e.45F*04 n. 5.2pr+95 0. 9.17t+09 735n

-

_ _ _ _ _ . _ _ _ _ _ _ . .



.. . . .

. _ _ _ - _ _ _ _ _ . . _ . _ . _ _ _ _ . _ _ _ . _

d

J

i
1

e 8 r C r C d C r L r C r L r C
e e a e e C C' ** ** A N M m e e an
w0 e e @ O e C C C O O O C O Cl > 8 se se ee N N N N N N N N N N N

48
C

k e
M y G h E & O P P P @ p p F e P e
m w6 C C C C D C D C C r O O C C
@ C 6 + + + + + + + + + + + + + +
L *=e 6 W ens tsJ taJ ins esa tea taA tas de me thJ ta# W

H 2 0 0 N e e e N e e en en e N e e
me em 4 N M e e r5 e e e c ** r 9 O e

g >> 0 e e e e e e e e e e e e e a
y ars == u e m o e. A e r a s= e e m > o. an
g had >e8

w eg e e#
3 D & 9 9 C C C O O C C C D C OU U E O O O se se == en se se ce se ** == seb |||p 8 + + + + + + + + + + + + + +U u& 8 laJ Ias he tnJ m W tk w w ee* h, ens he, tndE e G O e G N e we en k O p e O 4 >

+ 9 % **' @ C O N > N & W e. > e L
i Ib S * * e e e * * * * e e e e e

es t ** N en e es N N M m m M en er m
@

e-o
U
he

UL 8
y 9J e e e e e e o e e e o e e e

av 9 C C C C C C C C C C C C cgp .,c,. O 6 + + + + + + + e + + + + +
3g E ed 0 enn w w ts W 4 eb w en, w w as is.,

oy a4 e e 9 er er e v e- e a e d e" 0e

is C ' * ' " ' #
"e 'e "e

# # '' * * * O C %
>> 4 e e o e e o e e e e eI O y ut h 4 e e e o e e e e e e e of"* U me e t

W' @ F
e

U ** 4 e r r en r r r r r r r e rC W L 4 L C C C C C C c C C cO9 e e + + + + + + + + + + + e +3 re aa e w a m w = a a m w a = w w
s av ae e e e N s a e e e s v v e sD ? + 9 e r > > b e E > > > d 4 eIg ** ae e e a e e o e e e o e e e o

+J 6 - e en a e e == e. == e e e e- e e e- e ta-

C.
d
O

L3 u
g % e

yp y e a w e e e o e e e e e e a w
o ,, as n,e e C C o O C C C O C C e O

* D e + + + + + + + + + + + + +yy e e. e= 4 4e, to on. en, w in tb me a nn, w In. as
3 e2 9 *e C G % e N C ** e* k @ N M0U u ww 8 m N N W * e e V e A e e eU >> c e e o e o e e o e e o e e e*""9 e. u e d == == e- == en me == a= ee *= e= 0 CO *e e 9@*** 3

mV e
@ M u e e e e e e e o e # # e eU% C C C C C C C C C C C C Ce 4 + + + + + + + + + + + + +

3a 6 4k W lb/ 6p th W ene en ns J w h In, th/
e ae 9 > e O 8 h e r e W F e en a

r% + 0 rn > a= p" tr' s e r e e ** C **
a3 e e o e e e o e e e e e e eq. I6 9 N e r IP F IN O P r We em P e C

U.
e8 9 C W L 9 L V C 9 C d C d C#" g g e e e O O en N N m em o e e
es 9 9 P P O O Oe- C O O O O O O O
> 0 se e= ** N ett N N & N & 4 4 a N

m
4
W

- - - -

_ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



_

_
.

_

_

_
_
.

_

_
_

_
_

_

_

_

-

t
n
e _

m
t

_

_a
_e

r
T

d . 5 0 5 0 5 0 s 0 5 3 5 0 i 3
e a P 9 9 0 0 1 1 2 2 3 3 8 # 5
c E 9 9 9 0 J 0 0 L' 0 0 0 O 4
n V . 1 1 1 7 2 2 2 P 2 7 2 2 E 2
e _

r
e
f
e 5 1 l 3 1 1 t t 1 I 3 1 t 1R s F 9 a ^ 0 1 m q 9 " 3 6 e 4r D + * + + + + + + * + * + +- e S! . E r ,F F f F F E E p E F Fn oN ; A 3 a ? t P e g a A 3
ei

F.
7 e. f. 9 3

a. n. a. d. ?.
9gkI

l a Y T , ,

ct sC A * a e m i 1 a 4 a 7 7 % 9yn ! a .
_Co w _

_.C a
_h c 7 ) p s s > a s p s p 3 7
_ge e e a. c. _

e 6 r e e e m p e
ut a . + + + + + + + + + + * _os wn r F 5 F r s 5 r r F r F 5

_

ra e sa p 9 3 5 3 a 5 a g t

4, 9 e.
4 9 1

e.
9 3, e. a. f. 7 s. e. i.hW r +

T t p ,

f r . 1 M S A A S S S $ A % M M 9U aeR vcT en mOn g .
i / g i 5 1 i i t- 3 E at 0 e, 9, 9 m, 3 0

,

Si 0 S dt0e 7 n . * + + + + + + + + + + *ht 7 si F F p t E F r F F F r 8 rt a a uw 1 9 a 7 5 3 s 5 e 7 e 5 fwR w Ef 9 1 3
e. 6 s. a, T.

1 t. ". e.
p

o t v . .rn g:
Go l A

1 7 7 7 2 2 2 p p 7 p 7 1 S

i w
wt a
oa t t 7 p ? 7 s > a p p ? 7 d
L r n 0 r r 9 o

n. n r i. D m e
a. p . + + e + + + + + . + + *e . F F F F s s s F,- n p F ( F f

e ue 7 9 2 m % a t m a e % e
1 G 1 6 8 4 9 e. c. 9, 3 9 4 7 4

r
e .

* 1 1 1 1 2 2 1 p 1 1 1 1 aet
sa
ae
CH s % * % 6 s o s a s 6 % e % n

a A 9 9 0 n t t p p 3 9 e # s
t . 9 9 8 0 u c o o o 0 0

J'p
0 O

. v . 1 1 1 7 p a p p p 7 p 7 J8
4

_

_

_

C. _

_

_

0 _
_

1
_

_E
_

L
B _
A _

T
_
_

_
.

_

_

_

.

_
_
_



- - - > . 1 ~ - . - r + .a . . - - - - .

*
t

M

%
O
ce

e 0 WS O arl O art O art O WS O WI O Ft O Wt O WD O Wt
0 4 4 e e F O C es me N N m m e e W4 W e e > >
Ch ena $ @ 9 F O O O O O O O O O O O O O O O O
#Q > $ e* ee ce 4tf inf dif N N N 8td as % N N N N N fts fld
Q.

m

e

ena 0
2> 0 m e e af e Wt sp W1 e Wt art @ Wt Wt art art W1 W6 ft

J I se e o O O o O O O O O O 4 O O O O O O O O
tad % > 0 + + + + + + + + + + + + + + + + + + +
D &4 8 tad taJ In- Ia* b es, end the tad h Ab IsJ InJ W hJ ena enJ tu end

m trt eri C C e e e a e e e a.est _J 8 > c er e e e
e e e O ens en m m M m m m mAO3 6 e e * > e

en 3 9 e e e o e e o e e e e o e 8 .o e e o e
, the a T 4 ee se m er' e .e e ce == sia N sts sts N e N N sta N

+- == U 4
e
e.e m
O in an m m m m m en m m am m set

ena Wt O O O C O O O O O O O O
E eJ$ + + + + + + + + + + + +

esa las inJ IeJ tas naJ tadk e4 9 eJ tad esJ 4sa
te.ae ens O e e e e >ans a 3 9 e- e a es

e-32 6 e O e e e > e e e As e F
g g ag 0 e e o e e e e e e e e e o e e e o e o

M Ce 8 ee e en en art e ark M m M m em C, Cr C G O O C
+J
C
W
3 ..

>> . c m e. N N N N N N N N N N N N ~ N N ~
0 J % >e 8 O O O O O G G O O O O O O O O O O O O
b ens e > $ + + + + + + + + + +- + + + + + + + + +
b p 4 8 med see tes taa tea w he tas taa tee taa saa saa taJ tad taJ ae8 tad tea
N ha O J 0 O shs O > N ce e We W5 > > P e e e te e af e

Jes 3 9 e e e se > Ft F m > O e > ep e e & S e e
0 e o e * * * e e o e e * * * e e e e e@

ene .e 3*3 0 m en > -e e= fqw As m m e e e e e e e e e eO
C > ue
GJ e
L. es es
@ Oe O O O == ee == en O O O C O

w >n hs e4 0 O O O O O O O O O O O
c) s. W > .a e + + + + + + + + + + + +
g Q W We 4 tee tne and ind teJ tan ena tae inJ tea tas nas

ano *e D a O c c O O > c C O > O O
,9,,.,
.

e eF2 9 e ftf G es ** Pt N O O e O O
g a a 2 e2 8 e e e o e e e o e e e e e o e e e

g e
.etes nas se u e e m e > -e e es e e e e e O O O O O O O

OO I '"
e- CL ~ *uw
hW 6- 1
U y g ,,a e
D +# O U > 4 m e e art r art e art art aft F We @ r WS F4 ft WS er
W *** U % J h ** 9 O O O O O O O O O C D O O O O O O O O

O 3 tad 2> 0 * + + + + + + + + + + + + + + + + + +
3M and af EP %e 8 h4 InJ tad tak ha ha saa nne taa he he hf tsJ tes esJ be taa ha he
O- > Ini E J G G es M e N IA e art e- ** M > did fis fte As fte 448 fts

O e O J 3 e * * e ens e e O art e een > 0 ** ee we -e ** es se

t| 4.J e en# +E e e e o e e e e e e o e o e e e e o e o

C a e ene O 3 e 8et m > == ee N m F. m e e te art art art Wt ert We an
og 4 ) m > =* U S

C J * *
Q q) he M**

> +- O to m m m e e e e m m m m mg
saa es eat W4 O O O O O O O O O O O O

g
.J B W e* .A O + + + + + + + + + + + +g

M See 5 W W w W W W W W W b W Wg g M > > k e > m2 J W E 30 O e m e .ep g e a Af e e o e Nte > 32 e e e e se
5C m w yag e e e e o e e e e o e e e o e o e o e e

{ '" E > re O e 8 M e > ce se we se e ac +- E o O C C O O O O
O e

OM
C .O.

a3

K0 n +-
O t.) O e ha e

A e w > e ris m m o e o e o e e e e a e e e e e e
O 2 * e es e O c C O c O c O c C c O O O O c O c O

6 4.J O Ae>e * + + + + + + + + + + + + + + + + + +
e tad 2 e enJ e 9 ina las eaJ las te, an, tne W tad taa taJ tot h. and and tas tas las etJ

ge) g m 48 5 +J G e F e C e e a O E e up A e a E E e e a

g > e, e e% 3 e e o e . e O > e C e e en > > > > > > > >g e.e *e ha e o e o O e
e o e o e e o e e o e o e o e e

mD hf ans eF 3e es e a es N N Pt e e e Ws art We r We Wt W9 W4 yt

t, u eeu a O e e
ur e

2 to N N N F F W- m nu sk A A N
eW C C C C C C C C C C O C

* e .A 9 + + + + + + + + + + + +
O S3 e 4 w b b b- w 4 m b b W h b

4* J. O 's e e c > =a F F e d > d e
R7 4 C d F. M F d e W1 WS F F 9-

U De2 e e e e e e e e e e e e p e e e e e e e

23e S e W e e- == e- e- 9 O > @ 4 C & C C & C C
O'
-

LeJ
J eu e
CO D 0 P F e e e e e e as e W y F F F F F F

cc e.e e r O O O o o e O O O O O c. c C c O O
e- e + + + + + + + + + + + + + + + + + +p k as ans k w ha esJ ha.A e S ev k k see E b es h ab h

m' we As As N N N Nnas J G & N > P C C As e se e
Je pe e e e e a N e e e F. C e= == e= ee ce ee se
b T e e e e e e e e e e e e e e e e o e e e

.J *4 C se e e. fis Pt r e > a e e- == e- we e- e .- ee
,.

U9
2
as e
se e ne em em Ort en WS en P. P* m F N
1k C O C C C C C C C G C L

e .A 5 + + + + + + + + + + + +
0me e no nas av he b an. tas b taJ b am ass

ee > : 6 e V 4 e= e er C C C C 0
J27 9 F ** 4 e=> e N e F P O F e
OeF 0 e e e e e e * e e o e o e e * e e e e

eue e O e es we N N Pt N ** ** e- =e O C D C O O O

a6 er C er C F C er C W C F r er C W C er C er.

e 8 e e e O O ee == N ses m m e e Wt ert e e e- >
es G P P P O O O O O O O O O O O O- O O O O
>4 == e* em As N 8td N N N N fqw N N Af f4 fit N fif N

-



. _ _ - . .

M

to-
0

N

@
01
N

L

e e en O vt O e o an O to C aft C c o to O WS O nne$ e e e C C we ee N N m m e e te te E 4 >= >taa 4 F D
F.e

O O O O O O O O O O O O O O O Oe S ee ** N N 8% N N % N N N N N f% N N f% N

b 8
m 9
se 9 O==

N M m m m Pt m em em e e a e e g a e eO O O O O O O O O O C D O O O O C O> 0 e e + e e e e 4 4 e e 4 e e e e 4 4 49 e 9 w eaA ana inJ ens eaJ ens taa las tas tsJ ana w tu nas esa tais saa tedI J $ m @ e @ O N P se @ GD k ** @ C F @ O O **g % "3 0 e E tft e > 0 an e E > O ** e. == ** o. N N N3 Y e e e e e o e e o e e e e a e e e e o e3 8 4 e se N m r e e e e we we ee == ee ce == es weC NU S
eU J8

[ ens c .= N N N N N N N N N N N e. == ** *e> O O O O O O O O O O O O O O O O O80 ans J 8 4 4 e e e e 4 e e e 4 4 e e 4 4 4Q J M en 9 ha saa tse W anJ W tas he end and taa

H E se 2 9 E k if5 ee.
y as y en a e ==

led teJ end las and saaL ins 2 3 P' O m > c O C e Oe O ew M N E @ O Ft En Wt en emOON 8 e e o e o e e e o e e e e a e o e o eQ JSe 9 e ee ** N N m M N N se eo N we O ** *e == 0 eU
C
@
L
g w5
y p Ek

t*
M e e F @ f f f M @ @ @ @ f @ @ F M @g3 g & e* O O O O O C' O O O O O C5 O O (* O O O Og g %> 4 e e e e e e e 4 e e 4 4 4 4 4 e e + e# Ree tea and ens las nas os anJ ane ans esa ens las w ene sea lad w an# tasJe to e e e- 4 N en e e N e N O e e s N N en0 *

M N3 0 == es op Wt 89 N N O A m e a e 4 % eO O O N*I 9 e e e e o e e a e e e e e e o e o e e@ O e3e e e e == N m o te en e a > e > o- > e es ek
"U Q OUS
>s Q;" .a eeU w Wt m e m e e e e e e e m e e m m m e@ eJ > eft C O O O O O O O O O O O O O O O OE e=* Ind w J B e e e 4 4 e e e e e e # 4 4 4 4 4M J WD e B inJ ens taA ha aam W tas w in, las and tas ens tA ha ens las3 L/) 3 3 4 16 e M FS k e P e E e > m @ @ P e 4Q. s32 e se o a> p v4 er o ef) e se y N > > > > seeO On2 a e o e e e e e e e a e e e e e e e e egy joe $ e em @ ** .* ** N ** es we P es m O M Ft M C weC
9M

C
D Ge w,

I 8> 0 m e e e e te Ft to en IP an ap to GD to en en nr. ap
d JK ee 9 O O O t' C C C C C C C O C C C C C O CE k me % #- S e e e e e e e e e e 4 e e # 4 e e e epee 9 had to tes to ta) b aaJ an. an tas as/ es,s saa the W ts taJ 46 e6M @

enJ JS GF @ W 4 P N ** N A > d 8% e 8 EP e e e em'3 @ J a. 3 9 4 4 en e em e @ r P es M M M M M W% m mOe ea e a e e e e o e o e e e e e e e e o e eL M an# 4 2 9 == ee m wt e we e. *= en e- N N N N 4 8V Ar N NOM > eU eC e
.2 O se e-
O L.J Oe P P m F- F M r' P r Pt m F.4 EF C C C C C C C C C C C CQ 3 *e J 0 e e 4 e + + + 4 e e e 4j 4a a es es e es es, es es as h. Is k as h. en hm ene B D G e6 e- p #b 4 N ee e- > Ft > te@ m > L& G d O F V) Y d E E W 8% K Wg 2e2 3 e e e e o e o e e e e o e e e e o e e*

ea Ce 4 => F F F F d Of P. P P P e C C C C C C C
g
MD
oN

O&
a ans e

* 3 3 9
O .J % ee 8 Oe.

f% 9 9 W W 9 V V V Y Y V V Y Y W W 9O O O O O b C C' O O C O O O O O c Cand S > 0 e # # # # # # 4 e e e e e e # 4 e e 44 m e 9 tes one 44,a to W ha k tea w na, esi b tes es asa esa 4 % ans*
bas ** .,A 0 C m e @ E h E N & N @ M *e *e *e we se es weU JG O e e. > N O E F W d N 5 W C *= ** ee me e. e. e-e fb 3 6 e e a e o e e e e e o e e e e e e o eO esa *. e en y

e== > LA G
e. *- N r a r a es > E s e a e ao e a

e
La.| 8.e 55
W DR e= A N fh N N fb ib N 80 Ma esn.) w in C C C C C C C C C C C C,( 1 e- Ae e e # + e + e * * e e e
p e em e a h4 w ans ta, w enJ w h, a is w eseab ** 2 5 C e- h e e & e tf et A e>2 # 8 > F1 es s e N C, m m ee M ke-2e2 I e e o e e * * * * * * e e o e e e e ese U e e r we == ee == N fb == ** e. f C C O O O C O

3 0 F C W C W C K C F C W C F C tr C W C Fe e a e P O O ** ee N N m m e e e e e e e- >=ad 9 P P P O O O O O O O O O O O O O O D Oe S ee ** e- N N N N N 84 A f4 N N N N N N fb N

|
- _ _ _ _ _ _ _ _ _ _ . _ _



r- -

M

4
O
M

0
Ch
N
CL

e4 en C r C en C r C e c ar C en c en O ar* C en
e 4 eD e e C O es e= N N m m a e an In e d > >
ms 9 e e F C O O O O O O O O O O O O O O OI > S es se se N N N N fw N N N N N N N N N N N

M
C
D
G we
M ea e N N N m m m m m o e e o e
@ E *e 3 O O C C O C O O C O O O O
O %> 0 9 + + + + 9 9 9 + 4 4 + e
L 3 e 5 w ens taa E W and W w w taa enJ ass W

& J8 e a N em m. e e e e m e @ p
N3 8 e > 9 O m es e N N e e e e

g *I I e o e o e e o e o e o e e e o e e e e
y G 7 8 O O O O O O *W Ft > es ce #U J e we we we we #W
C DU $
G,6
g Je

wO es e we e.e we av en e m m mg me O O O c O% g O, O. O. O. O. O.w oe aa e * e + +g g
J#e 8 W en. W W Ind tal ani W W Esa Wg O E 3 9 O O O t O e e t' e 6 e

N E 32 A N WW N N N ee we me se ee art
8 '" O22 8 e e o e o e o e e e o e e e e e o e e

M J C. e 9 O O O O O O e- > > k k N == C M ** == 0 ast
0O
- c1
O W
h Cf
u we
@M ND 8

| CC e J E *= 0
m w % e- 0

3m > S e 8
A asJ J G

O J "e 3 '8
D

e e o e e e o e o e o e o e o e o e eyp
WN3 0 0 0 C O C r C C O C C C C D C C O O OC e- *W 8gp *C ** eOD COW wa

1 E w .2 9
M a es e 8

f L wT 7 8
M W e- I F 0
JE C 2 e2 4 e o e * * e a e e * * e * * * * * * *
O+ e- C e i t t. C C C. C L L C t C C C C C t- C C C
L @
CM

C
'S O
QU W 8

ea ey
g J K es f

g p W%> S

3 Ge 6g
W J Omq

D S
3 J O, p 3 e e e o e e o e e e e o e e e e o e *

O W3 J e C t, C C O C C C C C C O C C O C C C C
MU emut
@ CC e
U& e.e e

oO

*
w EE
F ee A 0

Ch aMe 8
as S C 8tt. e- D 7 e
2 9 2 8 e e e e e e e e a e e o e e o e o e o

U, es ee 3 O O C C C O C C C C O O C O O C- C O O

O
-

G 0 nr C W C er C W C F C W C W C tr C er C W
y

e 8 e e e C O ee e N pu m m e e en vt e a 6 k
g

as O P P P O O O O O O O O O O O O O O O O
g > 0 ** en se N N N N N N N N N N WL N N N N N
q
&

{
l

l i'

\

I

r



- . . _ . - -- ,

M

%
O
" ee e o e o e O e o e o e o e O e o e O e

e9 E F F o O m N N M M e e e r e d > >
0 W e e e F O O mo O O O O O O O O O O 9 O o
O > $ m m m N N N N N N N N -N N N N N N N N
9
A

e
ama N m m e = = m m a m a m

JJ W G O C C L U C C O C C U C
W%ot 0 0 0 0 0 $ 5 9 4 8 8 8
7 9= 0 w w a b w w W W = W w h

W 3 8 4 m 4 C 6 * C e M r a C
JOM S O w C @ F M O e A M M N

e> 0 e e e e e e e e e e o e e e o e e e e
W9US * m o m o N N N N N N N O U O O C D o
>we S

* e
Me
om o o e m o e o e m m o

We O O o C Oe O o D 0 D o O
A m 8 9 6 4 S 0 8 6 0 8 8 0 0
mMk 4 W W- W W m W W W W W W W
WS e4 E e @ m M P o e N M M N
P Oe 8 m h E M O P N M N N m @
Eg& 6 e o e o e e e e e o e e o e o e o e e

I MCh 4 % e 4 4 d d > @ e F M 4 C C C C C O O
h

aL
C O

M
a Se

e 3 E 6 e e e e C C C m o e

mo J%W 0
m m

C C C O O C C C o OO o
g& WSo$ 9 9 9 8 8 0 + + e 8 8 0

& M S h w W W W W W W W W W W
Lg

Wo2 e e e s * O e e N r N e >gg Jem 6 m e e e N > O m e p > N
SW O e e o e e e e e e e e e e e e e e e e

yy Wmut M e e k E e a e a e # F O D O O O O O

U "9 > e4
C e
@d MM
L Om o e O C e o O o O c O O
W O WW o o e o o o o C o o o O

WM E k 9 e 4 e + e 4 + e 4 4 + +
0 SM& 8 W W W W W W W W W W W W

E M @ O @ 4 mMM WMe 8 e e O -

& @ c M ee M M @C > E 4 4 N o e >
g O 2eme a e e e a e o e o e e e o e e e o e e

d W wum9 m N N N N N M N * m m N O O O O O O o
' W

W e
U L
WO
U ,C m'8 N N N N N N N N N N N N
g mSW G o O O O O O O O O C O O
gg WSOS @ 9 4 e e 4 4 e e e e 4

y D %M S W W W W W W W W W W W W
3 C WW2 9 M M e > m N m e P &

O, ,eA O J me M , e o e p N e e a
m e>3 e e o e o e e e o e e e o e e e e o eO

U e Wout o e N M M M e e e M M M C D O O O O O 5

C @ W >me d
MM g e

@ M Me

DM e Om m m N m o m N m m o e N
3 > We o o o o C o o o o o o o

e r am e + e e e e e e e e e e e
D o SME O W W W W w W W W W W W W

EM u Wee s e e o m > M C O e e > >
% &ne e M M o e o N * e s > e o' up

y a Fet e e e o e o e e o e e e e o e o e o e e

og W Mom 6 m o e e F F m e M e o m O o G O o O C
**Le 8O '>

c e" "mI 8
ee N N N N N N N N N N N N

, d> >FW G C G C C C C C O C c C O
* JBot e e e + e e + 4 4 4 e 4

0 M WWm 9 W W W W W W W W W W w W
U R>3 4 e > > p N e r C > r e e

M9 WMM S e o e F M m O F o N m E

O e. m e a e e e e e e e e e e * * * * * * * * e

We m2p t a N P M e P O m 4 r r o C P P C C (s C

MV eee t
@ M U
UM L

2W e e e e e o e e e e o e
me C C C C C C C C C C C 4

. -e $ e + e e e e 4 4 e e e 4

O G3h $ h W h m a a b b b b u b
joe 9 e 9 e e f e e e W e N m

p
aR e 0 > r Y e A e N 4 h > > >
De& 9 e e e e e o e e e e e o e * * e e e e,

O,
32h 8 e N P P F F F N A = e N C C C C C C Cg

w

W e
4 9 9 9 e o e e e o e e e e e
U W $ O O C. O C O o O O o C C
4 O G + + + + + e e e e + + 4

H J M e a m a w w W W m W W m a
W 7 0 O e E > M P # M M e N e
a M 0 m N 4 e e e > e e c C F
b d 0 e o e o e e e o e o e e e e e e o e o

a US C d e e e m N N M W W 9 R C C C O C C
e S

1 j
@M
MB 9 9 7 f F V V V e 9 9 9

'

I
sW C C C c o e C C C C c c

> e e s + e e e + e e + + 4

W W E W 4 W W W WCME 4 W W .b* 4 e F e A e F d G>>e O E F
J2 4 9 m N m e W e M o & * e N

Ceh 8 e o e e o e e e e e e e o e o e o e o

Muh 9 O k E 4 @ d @ d d F # e r C C C C C c

a 0 W L 9 C W C 6 C W L V C V C 9 C v C q

ee e e e o o e m N N M M e e e m a @ k *

d e P e F o o o o o 3 C o o o o o o o C o
> 0 m a m N h N N N N N N N N N N h N N N

1
1



M

&
O
N

QJ
Cn
m

Ca-

e 0 en O en O en O e.e O em O at O en O en O en O ene e s P & C C == N N m m e e en IA e a k *=W G p p P C O O O O C O O O O O O O O O O> 4 e. ** *e N N N N As N N N N N As N N N A N

0
'es e

ma 0 C Ose O O== C Oe. D O O O O O O O O- C O
e N N fu A N I

O O + + + + + 4 4 4 + + + 4 e e e e eRAr me 8 mf end
t.as

tas taJ taa ned tee teJ w en# tsJ tas and W tae taaEF G O N * e m e e o m F m e > ** *- e= e-% ee $
9& 8

== WS O N e e O C C se N e dW N N N N
4e

.o
e e o e o e e e o e e e e e e e e

|ue es * N N ns fu a ee ** ** es As *= 0 == es se O eei Ne S
e

4.8 eS
(" esa O fle N ha Eb Me As As fte N M N * ** e. == es .*O a C C O O O O O c O O O O O O C D O

M,F .8 m, & tas, an,.,

tas e a e o a e a e e e e e e e e e e e6 taJ tad W we es ans taJ w nat has taJ ena ene w te,sa me e e e e 4 -
.n e n e C C m e e e e eg B>+ 0 O e fts O e e e m C e O e e e e e eg OO& G e e * * e e

.e
o e e e * * * e e e o eg J m eL @ me era N Rs N N e se ** e ** 4 e O e e e O e

@
U
C g
O eas e a ** ** ee .e es se N N N As NL S ts e O O O O C O O O O O O O c o O O OO %Q$ e # + + + 4 + + * + e e 9 0 0 S SIb 3 ee 9 and ad has tea una ma ha ama ena t.i

s.aJ
h# ma led eaa the ensQ F G e m O As se e O O k *e e e N N N N HeDK WW pe 9 m e arg me se e e N m # O O tFt Wt en W4 M

'le e> g e o e o e e e o e o e e e e e o e e e
6 e 9O9 US est e e e e e D e > m .* In O 46 AA IFt O am

'

end OeG
O E
e m ** .J m
u( 4. he En ** .* se no ,e es a. .e ce ee ee .e *egg > D rt O O O O O O O O O O O O O O O O Oy g 2 ene w 9 9 9 0 8 9 9 9 9 8 8 8 9 9 8 9 4 8g, O .s e & G W ens ens en, ens anJ tas taa taa sea tal ha laA taJ taJ tnJ ma" D u Te O m ee

.e
es m m e aH ** F O m m est m m m% 1 *3 e e e m a m. =* O e O O O e O O O O O CM m O IE & G e * * * e e e e e * * * e e e * e o eU C

ena sa O h 4 m m art m M M N N N N As se N O ms N WW D asaO e.e
V aD "J

E O #J
9 ed w Se aee O C D C C O eeD to .,e X ana 0 C C C C C C C

se == C O O
C C C C C3 taa % O $ + 4 + e e e e e 4 4 4 +

t P S ** 4 and has es ene anA end tas taa an, he taJ tes
,c c"'") Ins 2 0 C C > e e d y) N e d > d' e,a ee >e 9 m W 4 4 'Id k O ** ** E e =*pg O> 0 e o e e e a e o e * * * * * * e e a e3 laJ fts U S M e d > t & *e ** ** P & P O O O C C' P' Ogg > *e 8
k .e *

h O en 89 A n A % 4 4 4 A A A. N
34 we C c C C C C

C,
r C c. O Csw e e e e e e o e e e e aO

==J'"> aa& 4 en. es as
a.se e- n, e o se fW > e <

as w a w as is em a ians t e e an e m
t '+'

"
it- 3 4 0 * r se > a e m C ** e F Lg e e e e e e e o e e e e o e e e e e eU >. a m eC as S N F. W. O e e y a fr, fb 4 F C C C C. C C CMM

O .O-,
vi T1

d 80 ed S S
U Cx' 1F G N N Ib n e-

O O O O O O C.J % enJ G O O C O C
e e e- . e e e-

e
tas R C 9 9 8 8 0 0 8 9 4 6 0 8 4> e 9 46 ta, hs es, as toO tad ** 2"

ef) J 0 == 4 O E ** * C
** w w e. 46 ta, w

8 tr '* * * N ** * * m ** F
N m F e ab he *=

ik > 3 e e e e e a e o e e e * * e o e o e ey, eno ou 8 Or. W 6 9 e. *e e.e ** ee o= e* C r. L C C O t,
, e- e 8

m-- nm -

C C C C. C-
e. -

C C C
e se - .e .e e'

es w C C C CW 3 e- 4 0 0 8 8 e 9 8 4 9 8 9 8I & Wa & S 46 ted ta# tas kJ
t.a

he ese nas hA w 66CO m e- e e e F > d a e d v n e 44 > F 4 5 F' 4D d er' e Wt e E fu > e d>-- Fe& a e e e e o e o e e o e e e o e e o e o** U ts 9 es N M m m M fe fu 8b == *e 8't Ce C C C C O O

a | V C d C el' C

46 8 8 P P & O O O=*

r C W C 6 C V C W C et C We 9 e e 9 O O ==

O O O O O O O O O O O rh

fta N m ort # ft tA te e 4 em emO
> 0 ** ee ** N N N fb fu fb fb 4 4 fu fV fb 4 N fb fW

n

|

|
,

a

|

!

|

I
|
,



.,w . . . . , .n n- , - - . a,-- _u, , . ,~ ---w--, - - - _ - .>___-.-..>.&,, . . n ns. . _a r s

.

I

d..
1

- O

te.
O
r** e O e O e O Ji O e

e 0 e to .ra ro e n e to e' rJ 'e e e er* O d a h e-
D e 9 Os e p & O es ce sts N m

G O re ' O O C O O O O

M e 4 ee - en om
fe e3 h 4 "3

G,C7P ese 9 9 9 9
st N N N N N N N N N N4 4 N N 8tp

%

e
F e r > > r a a a e p p p e F F F F s W a

51 ens 8 O O O O C (* C O O C C C C C C C C C O

m, - C 9 4 4 e # + 4 e # # e # + 4 e e e e e e
se se e nn, taa tea esa tm8 es tad es,8 esa es.* enJ ese nne ame ma ta> en,. W ess

9 7 9 e- > 0 F E W @ GF1 SP e m o el C W D em s' &

3 ee 4 F G # W == K C N 8 81 G tr W W h on & @ F

y p- 3 o e e e e-o e e o e e e e o e o e o e e

3, f 9 e es e se r tr* > ** ee == en e. es se e= es & S 8

% en 6
m
es. C [p. d O O O r. C' t'' D O C C t* C C 6" C C

Cn em .

.a o O O O ee se es se se ee we ee es se se se
== - ee e

J G e 4 e e e + # # e + e # + 4 e e e
& 4 tas esa b ek ew eu en. b . w as es, es en & is ek 46 ts en-

g",

y e e ed
Me ee M - f4 4 W 'S C ' D

O d V C em W N C 6
e 8 @ 9 0 0% ' q 0 C O W

e *e e * e * e *e e e ** * e *W ^fb 'F O N O *E d#4 ee", e 8

as 9 4 ** 6 E7 ese e* N 84 P' F 09 8a F* N N N N e* ' *ee e e e "e *e e

h
(J L
CO
O #J e

* st 9 e e e- > > > > o- e- > o. e- e- N N N m
[ **M enf 8 Se fa O O O M n D D D D C O O O O O

8U # f* 9 4 4 4 + e e e e e e e e e e e e e
ens Ins ens enJ and anJW W e* 8 ene D8 ma ens ses ses and Isa tid esa, s,an e es sa e e c.Le > # e sa e d * - e e w- - e

HE et f* *= 0 eh e > d 9 d< > W @ F N P @ M 08% m F
ene > 6- S e e * * e e e e e e o e e e o e e o e
w 48 0 e- P ** N O P G e o e P P W G d e d O se

Q +4
y m. 9' .A 88 9

*C M r
g gf) U re

# d 6 5 9 @ @ 9 9 9 e e e a M 89 m m
g O C' O O O O O e O O C" i

'#" "e 'e'# D D D
W O 6 e e e e 6 e e e e e iW 8 e e epg,

J & G tad Ind taA ens is4 ene tea InJ and ens and ta, aos es,s uJ ens ene

e a e s-g * 8 o e- o e er o er o e = y
,e-.e,j gy e e N = => O d e- - e- * e. ees O t n

,eC e e e e e o e e e e e e e e

y .&
8 .o .o .e .o* M - - - N - - - O - - M Oi

W
e-. @
U L
MO O

U C e et e 4 sta as N N ena se we e. se se

@ er* 1 tan 9 O O O n C 4 O O O O O

% rd % O 8 6 4 # # # # # 8 9 9 9

+J 9 ** 8 ma tad inf eaa en8 ama tad one tad an# taa

3 C 8 9 e W G W G e @ @ G @ @
Rf M S S S W G W e P F F G @

g Q e> 9 e e e e o e o e e e o e o e e e o e e
g

9 48 0 O O n O rt O e e W e e te es t'l me en se O es
g 06 6g g
OU Je

# ms M en se se se se

O O O O O* 6
Ww 8 9 9 8 8 8

I =A 8) & 8 ese taJ taa the Gad

.e se we ee seD E e D
.C E W 34 8 > e- e- > e=

eJ H pW& 9 e e e o e e o e e e e e e o e o e e e

3 ed O em 6 O O O O C. O En O O O C O N O N N fts O N
OC
L or=

LD
X *su m ee eOe

J S th- #
J .3e as % O O

P S ee Sg 4J
m- 7 4g JmM 9mg

e 6- e o e e e o e e o e e e o e e o e e e e

C C O 9' C t' f C O C C O C to O C O C Ce ,f me N. U. 0>
m *O e

R %'L
@ me se

r et
an. a

E 3 hr 9
* he m WJ& G

C) J tme W e 6
** > De 4bO
e gea e e o e e e e e e e e e e e o e e e e e

e
e* > 0 46 G C C C r C. C. C C (* C C C C C C C C t, 6.

()e
O
e

O *>- %
F Gy W aa eg JEW 8g "W ts. % O 9
3 3 3m 8

h U w 2 9
J O se 8

.> G s e e o e e e o e e o e o e e e e * *
taJ GeeG O n (" O t ( O O C C 4' O C r O O O O O
> == e S s

e
se en
nC
ts. E
E e- 0
WFS O
ta f a S
0- 3e C
pya e e o e o e e e e e o e o e o e e e e e

' o.e O 86 9 4. O O C' O C' C. C- O O Q C C C C O O O C'

|

n. c. v C r C e c. ' e C w C we e e C e C e ,Ce
O D n O O O O O O O O O Oe e er e e O y se g g m en e g si yn e e > >

ens e P P P J O O
P 5 ee we sa N N N N N N N N fb n N N ftf its N 89

-- 4,
- - . - = - ,- -



N x -

M

&
O
e

@
&
@ a 9 f O @ O @ O 9 O @ O F G f O @ O @ O @
1 4 4 e e e C C e m N N m m e e O e e d > >

w 8 F F & O O O O O O O O O O O O C O O O
> b M m * N N N N N N N N N N N N N N N N

0
ame e e e e e e e e e e e e

J Sw i C D G C O 3 O O O O O O
w % d .- 0 8 6 e t 5 8 0 8 0 8 9 6
D em 8 w w h h w a m w w w h k
W 7 9 e @ N e F O 4 e @ @ d r'

6 m e m e e e e O > O O OJ O. me > 0 e e e o e o e e e e e e e o e o e e a
w Gu8 m N e r O k e 9 e & O P O C C O O O O
F e e B
e
me
Oc e m m m m m m m m m m m

h wO O C O D O O O C O O G O
b R m 8 8 0 8 0 0 0 0 0 8 6 8 9
0 ena e w w w w w w w w w w w w
M wE 1 8 O F M h h a N r O O F e
w >De S O 9 O % a 9 % N > N m C
m Est 6 e e o e o e e e e o e e o e e e e e e

i O mch a - - m N A N m N - e e m O O C C O C C
G

M D
C#
Q
h "" $n $ e m m m m m e P. m m m m

.e % w 4 O O O O O O O O O O C OO W SO 8 0 9 9 8 6 0 6 6 0 0 8 8DM > m 8 w w w w w w w w w w w wb wc2 e O r e e. e. . e e , e a e
> m e > e o eHO Jam e > O >

M g> 8 e e o e e e e e e e e e e e o e e o e
O w == u e e se ** N N m m Fi e m o' fe O C O O C O O
UM > e 4
C C e
GG m@
Lm Os m m N N N N N m m m m N
Q W w G O O O O O C O O O O O
4 m & & S S S S S S 6 8 8 8 4 S 8
0 L G Mk 8 w w W W w w w w w w w w

g @ wme 8 # e e F m O E P 4 > A P
# * 8 * O N * * * * * * N

,,C "2 "e "ee6 8 e e e e e e e e e e e e e e e e e
g

mum G e e a a e a m F > m e m O O O O O O Og
GM
-c
U O
hU 8
U eu a e e a e e e m - w = =
DD Jew 0 O O O O O c O O C C O O
EM w20 0 e a e e a e a e e a e e

M D %e 9 w w w W w w w w W w w w
3M wSE G O m O m = N & N > m > @
A3 J m e e a m e N e k a m e e e

+> e e e e e e e e e o e e e e e e . . e e
VD e W O tt e e N m m e e e d > d a e O O O O O O O
Cg e eme e
MH W *

a um
DC e On N * * * m m m a e N N m

e WO O O O O O O O O O O C Oe
e 8 m e e e e e e e e e e e e eg
d aM6 4 > w w w w w w w w W h wg
D WE 4 0 m o e e m o e e e d y egp
u > 34 0 N > N e o e > m e o e p'p g
% RN6 0 e e o e o e e o e e e e e e e e e e e3N m mom a e N r e e e s. m a a e e O O O O O O OO e

L C >
OO e

e a
NM w 0
OM e9 m *
J b > mw e C O

= 0 C O C O O C O C
C C C C C C C C C C

4 Jh0 0 0 $ e e + + e # + e 4 +
1 C Ewm 3 m w w w w w w w w h w w

Q E > R 9 m
O N m m=

> C Y r v % vm r &
(7 Q w e. m 9 O 4 e O N P e e

v. e > 8 e e o e e e e e e o e o e o e e e e e
QM e7U S m O P es = * * N N e w N O O C O C O O

e ne 6mm
W @ U

# h N A A N A A A A A A A N
e n C C C C C C C C C C E C

e 9 9 + 4 9 + 4 e 4 4 + 4 +,
E D S 4 h h b b h h m 4 m k k k* JCe 9 m r 9 e m E C e & e e &
Jet a F C d r e r 4 4 e r r e

* De6 8 e e e e e e o e e e e * * * * * * * *

U. I 3h 8 e A A A A A A A e e * N O C C C C C C

O
r

W 5
W e 4 A A A A A A A A P A A A
D & G C O C O O C D O C C L e
4 U S 9 + 4 e # + e 4 + e + +
H J m a w w w w w w w w w = w a

w 2 0 e e c > m O r m a e m >
> > 0 > > e e C k d & C > # O
w h t e e e o e o e o e o e a e e o e e e e
J O O C * m M W 4 % a F - e p e O C C C O C

e $
1
de
me M m m m m V W m m m W m
KL C C C C C C C C C C C C

& 0 4 + 4 4 e e 4 4 + 4 4 4
Oms 4 k' W W w W

b*
N O E # r >
W w w w b w

m>e 9 W e C ** 4 C e > > a O
JP e 6 M > w e e 4
C. e 6 9 e e e o e o e o e e o e o e e e e e e

muk 4 O N 4 N N N N 4 4 m e e a C O O O O O

E e W C w C W C r C W C d C W C W C d C V
e8 e # e o O e N N * m e e r e e e h h

w6 P P P O O O O= O O O O O O O O O O O O
p e e = - N N N N N N N A N N N N N N N N

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -



.. - - , . - - . - ~ . . . . . ,-i , , - .

M'

46

O

N

O
c't

9
Ca.

a

m9 art O e O are o vt O art c 175 O e O trl O en o art
e 0 m e e C O ** ** N N m M e e art art e e > >

e O O 3 O O O O O O O S O O O O Otaa 4
& - P.a> 0 ** e ee N N N N N N N N N N N N N N N N

O
!F, 6 N N A N A N C C C 4: C C ** * *e e- .-
lnas 9 C C O O O O C O O C, O O O O O O O

O 9 0 0 0 8 6 0 + 4 * * + + 0 e 8 0 t I

>g e ** O tea taJ tas ese las has w taJ nas W taa taA ama nas led taa w
L rre N m e e e e en m e o vs . e O O O O O

% =e e =* en N > e > a art art N N es e e e e eO
p $> 0 e o e e e e o e a e e e e e o e e e e

ua se == N N su m e. N * m sh e se O em se O se
. , .

Ne 8g

,\ d. e* |
.a e e in v. , en , e <t , e r - se - -

3 O O O O O O O C D C O O O C O O O |yg
C Qi ins e e o e a a a a e e a e e e e s 6 0

eJ W & 8 w tas has W ta, ta) naa taa taa nas ane W nas w w w 4ew g
M we e N art et e O m r N e m e e e ce e. == es

3 se e 3 e* e F O m m e e N ee > *e ** ** ** ** ee
9 "9 OO& 8 * * e e e e e e e e o e e o e * * e e

* O LO Jek 9 M e P P P P e art e m m e N O N N N O N
L

&O
+J

O
~ *U +a

cc 3mG N N 4 'N WId N se ** es we we ** e e e # # j
gg 3W d O O O O O c O O O O O O O O O O O j

gg %O 8 0 8 6 9 4 8 8 8 9 4 4 0 0 0 4 4 6 i

sa taa and ta# taJ taJ ena 4a4 W W tee laA ig y a.e 9 tea ins tea ama ena p.i em eD e > @ ee art art WI 4A O iI $ art e > om e,y g
inf oo 9 art art e eD D > N e ert Wt N ert es ** se

se e o |

e se ig g ep O e e o e e e o e e o e o e e e e
E U e.e au8 e en a em e e a we ** = N e o e e e O e iC ioe 8a,aie e

O 2 d em
O +# e.e taJ yt e e e e e e e e e e e e e e e e e
-C e p in O O O O O O O O O O O O O O O O O
UO > ens w 8 a e o a e e e a e e a e e e a a e
>U Z es M & G w as' taa taa las taA tad 4as taJ nas Ise nas ta, tsJ taa and

e.saU O re 0 e == m ses ** e > d * e e N e e .e e e
OO u 33+ 6 e N > tri at art M WS M *e e ee == ee * ee se
g +.s % OgnO e e e e o e e e o e o e o e e e e e e

m e eJ Q h 6 e. N N N N A4 N ** ** se so we F O P 9 9 O 9
"39 >

Ch. "E 'e"
T3 D '

" *CK
gg m e, a m m M m N N N N N N N N

.J 3 es 9 O O C O C C C C O C C C
w%C B 5 8 8 0 9 8 8 9 8 4 0 07g m S me 9 tee taJ e6 tas te, W nas W had u es, w" k 7 0 en e e er- 4 F As fr es e e C

fts'I J ** se 9 15 e e O M e e e @ art om
@ e> 0 e e o e o e o e o e e e o e e e e o e

M # wNu9 P P > P == ee .* *e ce we .* ** C i' O C C C C
w I > ee a
3i, n
O e se
L C C, r r e e e e e e e e er r e

OO w en C C C C C C C C C C C C
e 3w 0 4 9 9 9 0 8 9 9 9 8 9 8

2a a at a a w w w is u. w h a ta, u a i.
Om wse e e s > e o e e C e. 4 * e
JL e- 4 8 > e 4 C es e= fr e- A e F 4

y 2a6 e a e e e e e e e e e e e e e e e e e e
p g * O 46 9 > e 4 4 4 4 A e. == si e A C C C C C C C

O
MO i

I

@M Ig g
** 3 r. e r o e o e e e . e e e o !@ U J % ha 0 0 0 0 C O O O C C C O C '

U1 WSO 9 e # 4 8 8 9 8 0 e t 8 0 I

3 ee e las an. taa tan ta. ese es, en h. tas taa k I
iins se 2 0 e- c ar. N e e e et e e m et

e J S De 8 O m we e. O e 48 > F r > |
- A p- 8 e o e e o e e e e-o e e e o e e o e e e I

LO tea eu8 > ** N & e's er e e art e e e C C C C C C C
a e e 9

V.
e
ee rt

o Oe e m sa er en en en m e e e en
- taa eaa O C C C C C & C C C, C C

B > 0 8 0 0 0 0 0 0 9 9 8 8 9
y eM& G w w ta, E tas w w w tas w tr. su
y b> e $ e e F e er er g 4 e pg er c
m >2 + 9 tri o e e e r e fti O e m e
4 2ea 0 e e e o e e e e e e e e o e e e e e e
p *e u h 0 SD ** ** *e ** ** ** *e e e e *e O O C C O O C

3 4 W C r C W C W C af C Ir C er C af C If C W
e 6 e e e O O ce == N N m en e e e en e e e. >
ea e F e P O O O O O O O O O 3 O O O O O O
> 0 e= == ea N N N N N N N fW N N N 4 N 4 N N

I

1

l
1

1

I

|

_ - . _ . - - - _ _



- - +,.a a - -, - - . a. -a . . . , , , , , = ._-s . - . - - _a a~ , - . .

1

M

%
O
m
@

- Cn
M
Q. *

l

x
' L

O
M

"M
e0 am o er O P O e C te O F O F4 O en C F C F
4 0 e 9 e o O ee . ee N N m m e e yn an e e p. >

0 W9 9 F F O O O O O O O O O O O O O O ' N N
O O

> $ ee se se N N N fu N fu & N N 8W N 8W N N
4&
CE

M
4- .
mn Eme en me me eo me e. m m m m m
em 3W G c O O O O O O O O C O
L %De + + + + + + s e a a a
p o B ** O W W ens W an and is# IsJ anJ W W

O.d3 0 % em em e. Om O O O O Oy
y *W oe e e o e e e e N ' *W N N N

ek 0 e e e o e e e o e e e e e e o e e o eU m 9Ue O O O O O O m m m m m m N O N N N O N55 a-a
um , s e,W me WD m m m m m

bM 4 >e O O O O O
@ b k h# w 0 0 0 e e G

E W - 2 eJ M & 9 Ine taJ eaa laJ W
C D E ee ee me en eo ee

4 *e= u 13+ e N N fu N #W
#0 % 08& G e e o e e e e o e e e e e e e e e * *

. O +J e JOm0 o O C O O C O C O O O O == 0- m ** ** O se
e- C &
OO >
hu *
U '

" OWW
gy em6

J2W eg
W%D 93g
> S se 9b W 2 9
as m e eD s- e>0 e o e e e s e e o e e e o e e e e o e

CE mn N U 0 O C C C O C C C es C C C O C C c c C t.
fU H > ee 0 -

0

~3 C en e
e CC

| W E.
& K* *

.C +a 8 E. A 0
4m eac s e e
3g >T + 0
g 288 0 e e e e e e o e e e e e e e e o e e e
L c >= C em 0 C C C C C C C C C C C C C C C C C C C

OO
er =

3M
Om ,
d L e v. 8U J3W 9i C in, s C e

0 m a eo e
,

!MC w 2 0
9

@M .J O. e-e 0- 8 o e e e o e e e e e e e e e o e e e o
e f5 ha e u 8 C- O C C C c C C O O L C O O O C C- O C
#U @ >**4 0
V T. e

eem
OO

e h et
rw $p

a W8 & 4 6
m, m: xe E
g >2+ 0

yag 0 e e o e e e e e o e e e *e o e e e e e

h mOh 8 C C C O C C- O C C O C O C O C C O O P
w

W 8 0 W C W C |f C V C W C d C V C W C W C af
M e e en a e O rp == ee N *u m m e e f* an d 4 > >
d es 4 P P P O O O O O O O O O O O O O O O O
4 > 0 == == se N N N fW fW N N fb N N N fb N N N N
>*

,

t'

b

i

y

_ _



~ _ - . . .- . - - , - n .~ -a . . . - e -

11

.

I
|

f%J

l>
O

w

| @ m a a * e .e- e a e. e e a oc a e
O se et, e e an e e- e

P.
O em N m e e a > e e O e.

I On e e > e- * s e e e e e e e e e e O c
i 80 and 4 F - P F F @ F F @ F # # F F F @ F @ F F

Fs we se es se N die
1 Ch- > 0 ** ee me se os e* es se se es se se m we se e.s es ce es e

P P P O C9

as S
3m 0 N m m m en m m en m m m m N es

J E ** 9 L O O U L o o C O O C' O 4,; ==
end %> 0 e e e # # # 4 4 e 4 e e 4 9
> 9e 9 a es les 46f and anJ the en mm. Is> 46 46 tas as
th ,# g g, g p er en e g are yn 4 > g- g e

$ p e e e N O e es e m > == p >=J Oe- 9 9 e e e e e e e e e e e e e e o e e e e e e e e e e
ins e t 4 ft O Cs O O e *= 4 e e e se m N N es a art se o O O O O O C
o- ee 63 8
e
ee M

C# 4 N m m 8tt N N N N N N N N N ** '
s ua M O O O C O O C O O O C D O O **

8 wJ B e e e e e e e 4 + 4 e e e e G
B me 0 tee an. ese nas eJ ama enA ese taa es the und taJ tsJ saa
ed I J $ ett e e e em em e e e O O O O O e
> 3# $ @ e e e P F # F F F F F F @ ' kJ e2 9 e e e. e e e e e e e e e e o e e e a e s e o

. *Oe e C C C C C e e se sa == =* N m 885 Wt #5 trl af tr* a O C *e
o e e

O C CI
8 8 8 0 8 4 4 5 S S 48

h
i L

O e in, o
MM E D 4 C C O C C (. C C C C O C C e
C *e" J % ** 9 C O O C O O G #2 C O O O O **
OM the a e- 8 e e e e e e e e e e e e e e

O * e e ens ans one tee asJ an.s ans ena en, ins nas w ans ans

h emo O J $ C C C r O O O C C O O O O GF
my JoD 9 C f C D e N O e C e & S N O >

4 3 e e e o e o e e e a e e o e o e e e e o e e o e e e
and a= 3 0 C O O C O es m o e e e om e a e eri AJ ee e O O O O O O CeU

b > u4
& ed e

e=* ** wt
@ 80 0 9 O O e o se

O== O O== O O O C# D C ** k

se ee O C O O O e
UW #8 esa O O O O O
C e >J8 4 4 4 4 # # # 8 0 e # # # + 9
gQ S Me S Ima Ina nas nn.s tai and ens tse aas nas the w ans las esa
ga w ee : e O C O C C. c c c o O e O O O e

> FF I C C O O c O O O O 8%s N N N s%s OO sas e e o e e o e e o e e e e e e e e e e e e e e e e e eOM ** W e 9 O O O O O ee N m 88% e e e S e ao se se me ** e O O O O O OWC e e a e a e a e e e eWG
M

I
@ W 8

a 6 m se en m en m m we we wt m m m esgy
J B ** 9 O O O C O O O C D C O O O ee

"U ' wr>9 0 e # # # e e e + + 4 e e S
e 9 tea tes ans tse ens tan led tad taa tee toe ens esJ tafXO ta, ,% e, e e a yi en O e e O yi e m e m. Ou +3 J ,,se O es no e a n N en O e e N ns

eo e e e o e o eO t/. ey e e o e e e o e e e e e e e o e e e
.og ena O 3 e O O O e O = en a e e e e > d as e N . trl O O O O O O C

E * ** u e
*|| ee- de

* * *Ch. L o p"' p m m m N N N N N m m M M m mg
es D D C U O O O O O O O 3 O O O **D# 5 ha JB e 4 + 4 4 4 e e e e e e e e $CC aee e ts, w ans ins nas las tv e ses in, w tas Ins

=
an,

ea n.as@ e"8 wE 3 9 d 8%g e e m m tre *= > > > em 0
> 32 $ G oe me ** N 4%| m e e N G%0 N G%e o%0 N

DC aaee e e o e a e e e e e o e e e e e e e a e e e e * * e
w ** Oe e O O O u O *e .$, sa m e e e e e me ** me ** ee en O O O O C, o

g 8 9 9 0 0 0 6 0 0 6 3
3

M
C k
M & we3C > s N N N m m N N N N N N N N NO ae* * se es a C c C O O r & C C C r C C em
L f6 Je>6 e e e e e 4 e # # e e e e S

C +.h 5 end e $ Ens 46 4ar ea# w ese ese las nas quJ w h- W tsJ
C S > es 0 t O em e W C e eV e e 6 > eF. O

e. e. a' 8
''8* T '%' ''' ** O C * C ** ** ** * * * *30

e e o e e e e . e e a e e o e e e e e e e e e e e egy
er3e e ss t- c- c se se e- se es e e r > r e N se e e e e O c O CM ,

eeu8
O

t e.b g.
to i tar N A N N e

MM ea C C C C Ce= C
em ce *= A A A A A As
C C C C C C C C *=

4 x e .; e e e e e 4 e + e
.e e e e + + e

, e a ae e a = w m a w e6 w 6 w w e6 w * 46
:. 9 C e 9 9 e W > 4 & en m m m 9' Og3 . 6 t"'

3Q 0 m V W V > > V V e e e e e t4g g
_e F g e e e e e e e e e e e ee o e e e e e e e e e e o e aUb 3 3e O C C C C C e & F F e e > p 9 e * * e * W C C C C C C

0 $ e f 9 5 8 8 8 8 9

e

N
D to- E e

e D 9
Q ee 9

> e,

Q J e C
tes .A 9

P"' > I $
46 . I p e e o e e o e o e e o e o e e e o e o e e e e e e e

LA.J es *.* 9 O O f r, O C f. o~ C C & t C C Co C. C C D C D O O O O C
J ue

CD T
at ae

e ag
2 tme

> J $
O e9 4 4
e= ee ; a
JEE O
Oe2 9 e e e e e e e e e e e o e o e e e e e e e e e e e e

em ue O C C O C t' O O e O Ci f C O O C ft C O e O O O O O O C

A F e if 4 > a 9 C * 8b * e if 4 em e 9 C *B 5 d > e S C
ee e e E e 6 e e e F P # D 9 @ IP P P P O O

,

e9 *= sw a- > e g

F
F-

F F 9 9
Ps

P P P P P P P P P P P P & O Oed 9 F F
F,e P.o se se se *= es e= es so we es es se Ap Ap a se se es es es e- se e en

*

|

1

|

k
,

|
. . - - _ _ _ - . _



_ _ _ _ _ _ . _ . .

N

4
O
N

0
@
Q
A

l

l
1

e e e = e e O e N m e e e o e e C = e e p & F @ P P O
N m a e a k e F @

e e > > > > a e E e e a E f e w F @
we e
e a w &. e e e m = m a e = e a e a m m m

p D @ # # 9 OF F @ @ 9 e p 9 9 @ @ F & F P @
;m o m a e = N

i
a

i

k e '

x * 0 e e e e e o e e 4 4 + 4 e
= |

a e e

e e Om Oa
N A A A A N N =

O Oe Oe
m

O O C O O O C C
e

, y ee a w w w w au w w w w w w w w W
,g 1 J e f N m e > O 9 e O O E D V C
|% ae n e = s e e e m

eo e e e e e e e e e * 8
-

e N e e e99 et e e e e e e o e e o
.e = = m e e > e A > O O O O O O |

e o e

C "N 3 e c c c c O = c m m
k
3q N. u o

6- J a j
i3 0 wO -

C= 3 L O C C O Oe Ca C Oe Ge G H

m m c O = e e m m
Qy n O
L w J e # 4 e e e 4 e e e e e e e e e
gp Jee a w w w W

W* w* w
wm w*

w w w W W w
wT e d d C N C % N e f f C

N "O E m7 e > > & m C O w O c m e e e e e
OC I e o e e e e e e e e e e e e e e o e e e e e e e e eUV Jee e C O O O O m m e e > > e m * N N N N N 6 O O O O OC e e e e e e o e o e eO O

Lu
O
%- w e
gg ea e N m m a m m m m m m r m m m

In e O C C O C C O O C C C O Og g
%& e e e e e # 4 * 4 + 4 e e e

m
e

W e eI Je =W
W W w W w W w w W W w w W
N # m N e N # E m e m o mQ N3 0 @ m * O O @ e O e e e O @ aG w on e e e e e e e e e o e o e e e e e e e e o e e e e e

m m 4 7 e O C C O D # m e a e e e e > e e m m M O u O O O O
Q L OU a
AO
ua W' P

m
N m e m N N N N N m m m m m mgg me C O O O O O O D 3 G O O O O mE ww J e # + 4 e e + + + + 4 e e e e eb. Jme e W

aL usi e
-

W w w w * w w w w h w w W W3- rne = N e e O e e e = * e O O m
e e > c e N 6 e m m e e e e

W O2 E * e e * * e e ee e e e e e e o e e e e o e o e e o e
to Joe e O O O O 0 P N m M M M e E e m a e m o m O O O O O
C C e e a e a e e e e e e
DW

DC w e
v a>e N m m v m m m m m m m m N m

i J1e e L C C C C C C C C C C C C e
@ W%> e e e e 4 4 4 4 4 e e e e e ef L D Fe e * W W W h w h h W w k W

6e
hp g a d e e F C 4 4 > e S C A e 4 >

y( Jo? e R e 9 m e 9 O % O M > * e m
e3 e e e e o e a e o e e e o e a e e e a e e o e e e e

WN? e C C C C O e e N e e m e m 4 % e e P N O C D O O O' aau :
C mm

3O c er. n h *" en n a A N N h h n s N eOU h F C C C L C C L E L C C C C L e
J & w J e e e e e

.e 4 4 e e e e e e e eo aee e h w w w u w m a h a w wep wr t e e e r c n e c > > - m am a=
e=

*
a ? ? e E 4 e a 0 O 9 m a e a E a eg
2 E 3 e e e e e e e e e e e e e e e e e e e e e e e o e e
>C e e C e- t t C e O * * * e A *% W V W W W V a C C C C C3

e a e e e e a e e e e@
aD
mu
UH aw e

aa e e A A A A A A n o e v y
J% m 8 O Ce C C C O C D c O Ce G c e

, w m> e 4 e * e e e e e 4 e e e e e
N w J' e' e" 'm' "e' e'' e" "4 m

"* * ''" "' "' " " * *
$ c e e > > e 9g $'s s & C C f e m N

ee o e e e e e o e o e e e |
*

J O C L C C v i

e e e a e e o e e o e e eU h at e C C C C C e # e e - - e e = 4 4 e N d O c c C O O '

* * U t
C e
e of

|Ow e C C e = m
y b m 0 Ce Le Ce C C C O*

*

C Ce Cm C, Ce
Ws

,

L
iS F J e e 4 e e e e e e e 4 4 e e e

e

1e
9 Fe e W 4 4 m

ke e e @ e e

P

b E h h m W
A 2 E e d m O C > >e C M F- Cv Ge

b'e
h w wm > " e e d W W e

C C OW 9 uR e e e e e e e e e e e o e e o e e e e e e e e e e e i
mUn e O C O C C e Y v v c 4 * * * N N N N N e O C O O O !

e e e e e e e e e e a I

a e 4 4 & 9 C e A F e # 4 > d 9 C e 4 r. e F 4 > a e Ce e m > > > e f & W t E 4 4 # E F F # # 9 9 e & F F OW e P P
Pa

P F
Fo

F F F 9 & P P
&m

P P P @ 9 P P P P P Oe a e e e m e e e e * = e e e e m e e e e o e N

_ __ _ _ _



l

.

6

%

APPENDIX 10D
,

RADI0 ACTIVITY ACCUMULATIONS IN REPOSITORIES

- - - - - _ _ - - _ _ _ _ _ - _ _ - _ _ - _ _ _ -_



10. D.1

APPENDIX 10D

RADIDACTIVITY ACCUMULATIONS IN REPOSITORIES

Appendix 100 consists of 90 tables grouped by fuel cycle case that provide a detailed
description of the radioactivity and heat accumulation in all repositories for the entire waste
management system. There are 10 tables for each fuel cycle case.

The first table for each case summarizes the radioactivity by major fission producte

nuclides and by actinide elements at intervals to one million years,

The second table for each case shows the radioactivity of the individual actinide nuclidese

including daughter nuclide activity. Eleven of the actinide nuclides have one or more
short-lived daughter nuclides that are present in secular equilibrium with the parent
nuclide. The activity of each daughter nuclide is essentially equal to the activity of
the parent nuclide. Rather than showing the activity of each daughter nuclide, the tables
are simplified by including the daughter nuclide activity with the parent activity. For
example, if a nuclide has two short-lived daughter nuclides, the activity of the parent
or either of the daughters can be obtained by dividing the total activity shown in the
table by three. The short-lived daughter nuclides are identified in the four actinide
decay chains illustrated in Figures 10.D.1 through 10.D.4. A different representation of

these decay chains where they are charted by mass number and atomic number can be found

in Figures 98-1 through 9B-4 in Appendix 9B.

The third table for each case shows the activity of the medium and long-lived fission and*

activation product nuclides.

The fourth table shows the activity of the short-lived fission and activation producte

nuclides.

The fif th table classifies total fission and activation product activity and total acti-e

nide activity by waste type.

The second series of five tables for each case is organized the same way as the first*

five tables but instead of radioactivity the tables show the heat generation rates.
0Any values less than 10 curies or watts in these tables have been set equal to zero.

.
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3. ACTIVITY SUMMATIONS IN APPENDIX 10,D TABLES
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FIGURE 10.D. I . The Thorium (4n) Series
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10.D.3
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FIGURE 10.D.2. The Neptunium (4n + 1) Series
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APPENDIX 10D

INDEX TO RADI0 ACTIVITY ACCUMULATIONS TABLE!

Table

CASE 1 - ONCE THROUGH CYCLE - REFERENCE TREATMENT

Radioactivity Inventory in Repositories

. Summary by Major Radionuclide . 10.0.1. . . . . . .

Actinides . 10 D.2. . . . . . . . . . .

10.D.3Fission and Activation Products . . . . . . .

Short-lived Fission and Activation Products 10. D.4. . . . . . .

Total by Waste Classification . 10.D.5. . . . . . . . .

Heat Generation Rate in Repositories

Summary by Major Radionuclide . 10.0.6. . . . . . .

Actinides . 10.D.7. . . . . . . . . . .

Fission and Activation Products 10.0.8. . . . . . . .

Short-lived Fission and Activation Products 10.0.9. . . . . .

Total by Waste Classification 10.D.10. . . . . . . .

CASE 2A - U ONLY RECYCLE - PU TO SHLW - REFERENCE TREATMENT

Radioact'vity Inventory in Repositories

Summary by Majur Radionuclide . 10.0.11. .

Actinides 10.0.12. . . . . . . .

Fission and Activation Products 10 D.13. . . . . .

Short-Lived Fission and Activation Products 10.D.14. . . . . .
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TABLE 10.D.2 Case 1 - Once Through Cycle - Reference Treatment !
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TABLE 10.0.5 Case 1 - Once Through Cycle - Reference Treatment
Total Radioactivity in Repositories by Waste
Classification (Curies)
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TABLE 10.D.10 Case 1 - Once Through Cycle - Reference Treatment
Total Hea.t Generation Rate in Repositories by
Waste Classification (Watts)
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TABLE 10.D.36 Case 3 - U and Pu Recycle - Repository in 1985 - Reference Treatment f
Summary Heat Generation Rate in Repositories by Ebjor Radionuclides (Watts) '
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TABLE 10.D.55. Case 4A - Once-Through Cycle . Deferred Decision - Reference Treatment -
Total Radioactivity in Repositories by Waste Classification (Curies)
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TABLE 10.D.56. Case 4 A - Once-Through Cycle - Deferred Decision - Reference Treatrent - ,

Summary Heat Generation Rate in Repositories by Major Radionuclides (Watts)
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TABLE 10.D.60. Case 4A Once-Through Cycle - Deferred Decision - Reference Treatment -
Total Heat Generation Rate in Repositories by Waste Classification (Watts)
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TABLE 10.D.75. Case 1 - Low Growth - Once-Through Cycle - Reference Treatment -
Total Radioactivity in Repositories by Waste Classification (Curies)
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TABLE 10.D.76. Case 1 - Low Growth - Once-Through Cycle - Reference Treatment -
Suarary Heat Generation Rate -in Repositories by Major Radionuclides
(Watts)
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TABLE 10.D.88. Case 3 - Low Growth - U and Pu Recycle - Reference Treatment -

' |Fission and Activation Product Heat Generation Rate in i
Repositories (Watts) |
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TABLE 10.D.90. Case 3 - Low Growth - U and Pu Recycle - Reference Treatment -
Total Heat Generation Rate in Repositories by Waste Classification
(Watts)
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10.E.1

APPENDIX 10E
,

WASTE MANAGFMENT SYSTEM COSTS

Appenoix 10E consists of a series of 195 tablu delineating total waste management syste:i
costs at 5-year intervals over the entire life of the waste management system. These tables
are also grouped by the fuel cycle cases and are further subdivided as follows:

Unit power costs: This is a series of four tablas that show total waste management costs*

in mills /kW-hr f or repositories in four dif ferent geologic media. Results are shown for
0%, 7%, and 10% discount rates,

e Unit fuel costs: This is a series of four tables that show the costs per kilogram of spent

fuel for repositories in four different geologic media. Results are shown for 0%, 7%, and
10% discount rates. --

Total system waste management costs at 0% discount rate. For the once-through cycle casese

this set consists of four tables that detail costs for all of the major cost components in
the waste management system, one table for each geologf c repository medium.

In the reprocessing cases a series of 10 tables are used to show costs for all of the
important components of the total cost of the entire waste management system. Separate
tables show TRU waste transportation costs, spent fuel management costs, geologic reposi-
tory costs for each geologic medium, and the non-spent fuel system waste management costs
as affected by each geologic repository medium.

Total system waste management costs at a 7% discount rate. This is a series of tablese

similar to the 0% discount series except that a 7% discount rate is used and the dete' led
tables on transportation and repository costs are deleted. This series consists of four
tables in the once-through cases and five tables in the reprocessing cases.

Total system waste management costs it 10% discount rate. This is a series of tables*

identical to the 7% series except that a 10% discount rate is us?d.
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APPENDIX 10E

INDEX TO WASTE MANAEMENT SYSTEM COST TABLES

Table

CASE l - ONCE THROUGH CYCLE - REFERENCE TREATMENT,

l'
' Unit Power Cost for TRU-Waste Management Including Spent-Fuel Handling and Storage

Repository in Salt 10.E.1
. . . . . . . .

|

Repository in Granite 10.E.2., , . .

Repository in Shale . 10.E.3
. . . . . .

Repository in Basalt. 10.E.4
. . . . . . ,

Unit Fuel Cost of TRU-Waste Management Including Spent-Fuel Handling and Storage

10. E . SRepository in $ alt . . . . .

10.E.6Repository in Granite . . . . .

10.E.7Repository in Shale . . . . . . .

10.E.8Repository in Basalt. . .

*

Total System Waste Management Costs Including Spent-Fuel Handling and Storage

e 0% Ulstount Rate

10.E.9Repository in Salt .
. . . .

10.E.10~

Repository in Granite . . . . . .

10 E.llRepository in Shale . . . . . .

10.E.12Repository in Basalt. . .
. . .

e 7% Discount Rate

10. E .13Repository in Salt . . . . . . . . .

;

| 10.E.14
| Repository in Granite .. .

10.E.15Repository in Shale . . . . . . .

10. E .16Repository in Basalt. . . . .

10% Discount Ratee

10.E.17Repository in Salt . . . . .
. . .

| 10.E.18
|

Repository in Granitt . .
. .

| 10.E.19
| Repository in Shale . . . .

. .

! 10.E.20Repository in Basalt. . . . . . .

CASE 2A - U ONLY RECYCLE - PU TO SHLW - REFERENCE TREATMENT

Unit Power Lost for TRU-Waste Managment Including Spent-Fuel Handling and Storage



APPENDIX 10E (contd)

Table

Repository in Salt 10.E.21. . . . . . .

Repository in Granite 10.E.22. . . . . . .

Repository in Shale . 10.E.23. . . . . . .

Repository in Basalt. 10.E.24. . . . . .

Unit Fuel Cost of TRU-Waste Management Including Spent-Fuel Handling and Storage

Repository in Salt 10.E.25. . . . .

Repository in Granite 10.E.26, . . . . . . .

Repository in Shale 10.E.27. . . . . . .

Repository in Basalt. 10.E.28. . . .

e 0% Discount Rate

Costs for TRU-Waste Transportation 10.E.29. . .

System Spent-Fuel Management Costs . 10.E.30. . . . . . .

Repository in Salt |

|

Costs for Geologic Repository 10.E.31. . . . .

Non-Spent-Fuel System Waste Management Costs 10.E.32. . . . . .

Repository in Granite

Costs for Geologic Repository . 10.E.33. . . . . .

Non-Spent-Fuel System Waste Management Costs 10.E.34. . .

Repository in Shale

Costs for Geologic Repository . 10.E.35. . . .
1

Non-Spent-Fuel System Waste Management Costs . 10.E.36. . . .

Repository in Basalt

Costs for Geologic Repository . 10.E.37. . . . .

Non-Spent-Fuel System Waste Management Costs 10.E.38. . . .

e 7% Discount Rate

System Spent-Fuel Management Costs . 10.E.39. . . . .

Non-Spent-Fuel Waste Management Costs

Repository in Salt 10.E.40. . . . .

Repository in Granite 10.E.41. . . . . . . .

Repository in Shale . 10.E.42. .
. . . .

Repository in Basalt. 10.E.43. . . . . . .



APPENDIX 10E (contd)

Table

e 10% Discount Rate

System Spent-Fuel Management Costs . 10.E.44. . . . . .

Non-Spent-Fuel Waste Manc.,,ement Costs

Repository in Salt 10. E . 4 5. . . . . .

Repository in Granite 10.E.46. . . .

Repository in Shale 10.E.47. . . . . . .

Repository in Basalt. 10.E.48
. . . .

CASE 28 - U ONLY RECYCLE - STORED PU - REFERENCE TREATMENT

Unit Power Cost for TRU-Waste Management including Spent-Fuel Handling and Storage

Repository in Salt 10.E.49
. . . . .

Repository in Granite 10.E.50. . .

Repository in Shale 10.E.51.

Repository in Basalt. 10.E.52. . . . . .

Unit fuel Cost of TRU-Waste Managenent Including Spent-Fuel Handling and Storage

9epository in Salt 10.E.53
. . . . . . .

Repository in Granite 10. E . 54. . . . .

Repository in Shale 10.E.55. . . . . .

Repository in Basalt. 10.E.56. . . . . . .

* 0% Discount Rate

Costs for TRU-Waste Transportation 10.E.57. . . .

System Spent-Fuel Management Costs 10.E.58. . . . .

Repository in Salt

Costs for Geologic Repository . 10.E.59. . . . . .

Non-Spent-Fuel System Waste Management Costs 10.E.60. . .

Repository in Granite

Costs for Geologic Repository 10. E . 61
. . . . . .

Non-Spent-Fuel System Waste Management Costs 10.E.62. .

Repository in Shale

Costs for Geologic Repository . 10.E.63
. . . . .

Non-Spent-Fuel System Haste Management Costs 10.E.64. . .
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APPENDIX 10E (contd)

Table I

s

Repository in Basalt

Costs for Geologic Repository . 10.E.65. . .

Non-Spent-Fuel System Waste Management Costs . 10.E.66. . . .

e 7% Discount Rate

System Spent-Fuel Management Costs 10.E.67. .

Non-Spent-Fuel Waste Management Costs

Repository in Salt 10.E.68. . . . .

Repository in Granite 10.E.69. . . .

Repository in Shale 10.E.70. .

Repository in Basalt. 10.E.71. . . . . .

e 10% Discount Rate

System Spent-Fuel Management Costs . 10.E.72. . .

Non-Spent-Fuel Waste Management Costs

Repository in Salt 10.E.73. . . .

Repository in Granite 10.E.74. .

Repository in Shale 10.E.75 j. . . . .

Repository in Basalt. 10.E.76 ;. .

CASE 3A - U AND PU RECYCLE - REPOSITORY IN 1985 - Rr.FERENCE TREATMENT

Unit Power Cost for TRU-Waste Management including Spent-Fuel Handling and Storage

Repository in Sal t 10.E.77. . . . .

Repository in Granite 10.E.78. . . .

Repository in Shale 10.E.79. . . . .

Repository in Basalt. 10.E.80. . . .

Unit Fuel Cost of TRU-Waste Management including Spent-Fuel Handling and Storage

Repository in Salt 10,E.81. .

Repository in Granite 10.E.82. . . . . .

iRepository in Shale 10.E.83 J
. . .

Repository in Basalt. 10.E.84. . . . . .

e 0% Discount Rate

Costs for TRU-Waste Transportation 10.E.85. . . . .

System Spent-Ftwi |'inagement Costs 10.E.f6. . . .

m
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APPENDIX 10E(contd)

Table
,

Repository in Salt

Costs for Geologic Repository . 10 E.87. . . . . .

Non-Spent-Fuel System Waste Management Costs 10.E.88. . . . .

Repository in Granite

Costs for Geologic Repository . 10.E.89. , , . .

Non-Spent-Fuel System Waste Management Costs 10.E.90. . . .

Repository in Shale

Costs for Geologic Repository 10.E.91. . . . .

Non-Spent-Fuel System Waste Management Costs . 10.E.92. . . . .

Repository in Basalt

Costs for Geologic Repository 10.E.93. . . .

Non-Spent-Fuel System Waste Management Costs . 10.E.94. . .

* 7% Oiscount Rate

System Spent-Fuel Management Costs . 10.E.95. . . .

Non-Spent-Fuel Waste Management Costs

Repository in Salt 10.E.96.. .

Repositnry in Granite 10.E.97. . . . . . . . .

Repository in Shale . 10.E.98. . . . .

Repository in Basalt. 10.E.99. . . .

e 10% Oiscount Rate

System $ pent-Fuel Management Costs 10.E.100. . . . . . . .

Non-Spent-Fuel Waste Managcwnt Costs

Repository in Salt . 10.E.101.
. . . .

Repository in Granite . 10.E.102. . . . . . .

Repository in Shale . 10.E.103
. . . . .

Repository in Basalt. . 10.E.104. . . .

CASE 3B - U AND PU RECYCLE - REPOSITORY IN 2000 - REFERENCE TREATMENT

Unit Power Cost for TRU-Waste Managenent Including Spent-Fuel Handling and Storagee

Repository in Salt . 10.E.105. . . . .
.

10.E.106Repository in Granite . . . . . . .

4 -.--. _ . .



_ _ _ _ _ _
- - - - - - -

9/ 1 gk

6+%@ $v.yA,

\k IMAGE EVALUATION
TEST TARGET (MT-3)

1.0 |# 2 E M
S m gn
,; a ==

|,| h,* |||||b
.'

,

-"

l .8
i

1.25 1.4 1.6

4 6" >

~

MICROCOPY RESOLUTION TEST CH ART

#|4 / 4%

*$kf& '$k.:k.ff,s,, .

.

1
>

.



APPENDIX 10E(contd)
'

Table _
Repository in Shale . 10. E .107. . . . .

Repository in Basalt. . 10.E.108. . . . . . . . .
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TABLE 10.E.1. Case 1 - Once-Through Cycle - Repository in Salt - Reference Treatment -
Unit Power Cost for TRU Waste Management Including Spent Fuel Handling
and Storage

powEs SENERaffDN punfstnuNTED aves GE DIStouN?to 4WE#4GE DISCDum?to AVERAGEa

(7 PC71 ('O PC71
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TABLE 10.E.2. Case 1 - Once-Through Cycle - Repository in Granite - Reference Treatment -
Unit Power Cost for TRU Waste Management Including Spent Fuel Handling
and Storage
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TABLE 10.E.3. Case 1 - Once-Through Cycle - Repository in Shale - Reference Treatment -
Unit Power Cost for TRU Waste Management including Spent Fuel Handling
and Storage

.

t
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POWFR OEbF4a710% st=m 13C ruq 7E 9 AVERAGE D13C004780 67E# AGE DISCou=7g0 avEkaGE k
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TABLE 10.E.4. Case 1 - Once-Through Cycle - Repository in Basalt - Referenca Treatment -
Unit Power Cost for TRU Waste Management Including Spent Fuel Handling

'

and Storage
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Case 1 - Once-Through Cycle - Repository in Shale - Reference Treatment -TABLE 10.E.7. Unit Fuel Cost of TRU Waste Management Including Spent fuel Handling and
Storage (a)

TwRnPu? 4'Nnf9CDUN7E0 AVERAGE DIStouh7EO s'ERAGE O!SCDua7EO AVERAGE
f7 PCT) OoPC71

EG 913CuaoGED DOLL 4empuG ofSCwacGED 00LLan3/uG OISCwacGED 00LLae3/a6 O!SchaeGED
4%NuaL Annual Cuauta7tvt 'Ese

C ".".>.>L
a 71 * E C u'.uL a 71 V Evtap a NNoa ' C9"uta71vE awhist

. ...... ...... .. ....... ...... .......... .....

.... ...... .......... ......

197% 6.99E+05 1.78F+06 12, 5 12 5 12, 5 1975

19AP 1.2*E*06 6.93F*06 36 19, 30 18 30 17 1980

194* 2.aaE+n6 1.63t+0? Ta. 5A. Te. 32, 74 30 1985

1996 a.ntr+ns 3.37E+67 12R. TR. 128 65 128 59 199n

1981 6.2tr+h6 6.92E+97 sta. 97. tie. 82 tia. fa. 1995

2000 8.7aE+06 9.86f+07 121. 105. 121. 90 121. 82 2non

200% 4.09E.66 3.4aF+0e 15m. 116 158 98 159 89 20es

2016 9.2aE+o6 1.90E+Sa 171 139 173 106 173 98 20tc

201% m.hnE+n6 7.35E+0a s4e, t39, 164, 111. 164 94 26tg

202n 7 ?pE+n6 2.75E*0m 707. 1a7 202 115 202. 100 2020
.

702M 7.tmE+66 3. tee *ia 191. 157. 191. 117 191. 101. 2025

703n 5.3,E+n6 1.a3F+0a 736 35m. 236 118 236 102 2036

2034 3.9sE+n6 3.66F+0a 716. 161. 236 119 236 102. 2035

20ao 1.5tf+e6 3.79E*ca a56 167 e56 120 a56 102. 20s0

7089 0. 1.79F*04 n. 17e. O. 120 O. 102 20a5

205n 0. 3.79E+nn n. 175. O. 120 O. 102 2050
a

2059 9 1.79E+0a 6. 175. 6 120 O. 102. 2n55

2066 9 3.79E*0m 6 175. O. 120 O. 102 2060

206% 0. 3.79E+0p n. 175. O. 120 D. 102 2065

2070 0. 3.79E*0m 6 179 O. 120 C. 102 2070

a. Unit cost at time of reactor discharge
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TABLE 10.E.8. Case 1 - Once-Through Cycle - Repository in Basalt - Reference Treatment -
Unit Fupl) Cost of TRU Waste Management Including' Spent Fuel Handling andStorageta

7mRupu?
UNn!*C00*'fFD awERaGE O!SCCuM7ED AVERAGE O!SC0dN7E0 AVE # AGE(7 PC7) DOpC7)(G niSCMa# gen nDLLaES/s2 Of5ChaeGED DOLLARS /MG DISCha4GED 00LLan5/sG OIS WanGE0VEse annual C3"Pla71vE ANN 9al CU"utaTIVE ANNdal CU"JL471VE aNNdal CU"ULa7!VE YEaB

C
.... ...... .......... ...... .......... ...... .......... ...... .......... ....
1974 6.99E+n5 1.78E+0m 12 5 12 5 12 5 1975
1980 1.2?E*06 6.93E+0m 19 19, 30. 18 30 17 198n
1999 2.saE+06 1.63E*07 43. 37 83 33 83 31. 1985
1996 4.07E+n6 3.37E*07 ten. 87 148 72 148 65 1990
1999 6.2tE*n6 h.0FF+07 137. tit. 132 92 132 84 1995
200n 4.7eE+n4 9.R6E+07 ten. 12n. 140 103 140 93 2000
2004 9.n9E+nk t.eeE+0a 195. 13a. 185. 113 185 101. 2005
201o 9.2eF+06 1.90F+0m 703. tit. 205 122 203 108, cote
Pott m.6nE+n6 7.35E+9a 716 161. 216 128 216 112 2015

02 2n 7.7pE+66 2.75E+0m 734 171. 238 132, 238 tie. 2020
2024 7 1MF+06 3.te**na 725. 1 77 225 155 225 116, 2025
7036 5.3tF*n6 3.43F+0a 779 145. 279 137 279 117 2030
703% 3.9mE+n6 3 66E+ns ??n. 39n. 278 138 278 117 2035
20en 1.53E+64 1.79E*na Me1. 196 543. 139 543, 117 2040
20e% 0. 3.79E+0a 0. Poe. O. 139 O. 118 2005

- 205n O. 3.79E*0m 6 705. C. 139 O. 118, 2050
205% 0. 3.79E+0a n. 705. O. 139 O. 118, 2055
206n D. 3.79E+0m o. Pos. O. 139 O. 118 2060
206% 0 3.79E+0a n. 705. O. 139 C. 118 2065
207c 0 3.79r+0p n. 705. O. 139 O. 148, 2070

a. Unit cost at time of reactor discharge.
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TABLE 10.E.ll. Case 1 - Once-Through Cycle - Repository in Shale - Reference Treatment -
Total System Waste Management Costs including Spent Fuel Handling and Storage -
5 Millions at 0% Discount Rate
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1943 0. C. 132 C. O. L' . C. O. O. O. c. 132 19*0

1945 79 38 868 *. O. 13 F. O. '. 23 40 3*?. 1985

1997 taa. 206 570 *e5. O. te", c. O. a. 145 638, pet *. te*C

1998 2t". '61. tea *. att. C. 536 O. O. 3 ee3, type, gapa, teog

2006 er4 119". 22%*. 745. C. 911. O. ?. S. 1663. 2*J*. ta360 2000

2005 634 #pa}, 3agt, ,26s. O. 154a, e, c, a, p*5e. sats. 16PC'. 2cES

20tr 4st. 37me. c66t. tote. O. gter, c. a, s. .211. 7 46, 2.fre. 2010
\

l

20t= 106 . sto3 5se* >=69 O. 3217 c. O. 3 5677 10"9*. 37*54 2rt5
-
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0
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0
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Total System Waste Management Costs Including Spent Fuel Handling and Storage -
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TABLE 10.E.21. Case 2A - U Only Recycle - Repository in Salt - Reference Treatment -
Unit Power Cost for TRU Waste Management Including Spent Fuel Handling and Storage

Pours CENENa?!0% teuntateuttE0 avEmaGE DISCDUNTED aWERAGE 018:DumfE0 avEnaGE
(7 PCT) 00 PCT)

uuns w ri,L p /w ww e MILL 8/Ruus "!LLS/Esue
C s =wtial C0"OLaT!vt ASNual CUMULATIVE ahhdaL CdagLaf!VE tea #
..'JdtiL a fi vt

vtas ANNUAL
........ ...... .......... ...... .......... ...... ....... , ....

f
.... ......

1979 1.7mE+tt 4.92E+11 65 02 05 02 05 02 1975

199n 5.aeE+11 1 86F*tp 11 07 .31 .0? .11 06 1980

1994 6.47E*tt s.e5E*ts .an .2h 48 .22 .e8 .20 1985

1996 1.11E*17 9 t?E*17 9m .an .50 .34 50 32 1990

1994 1.67F+12 1.63E*11 93 .sq .53 39 53 .36 1995

200n 2.37E*12 2.6ht*19 .ma 47 5s .at .Se 39 2000

2009 2.anE*32 1.47F*11 .Ah 50 66 .aa 66 41 2005

toto 2.3,r 32 5. net *1t 72 55 72 47 72 .e3 2010

2019 2.taF*12 6.tSE*tt 71 .58 71 .e8 71 .es 2015

2026 1.47F*tt 7.1tE*tt 83 6n 83 .e4 83 .es 2020

2024 1 37E*12 7.49E*tt 1.na 6a 1.0a 50 1.08 .e5 2025

201o 9.2tE*11 8.seE*tt 1 2a .67 1.24 51 1.2e 45 2030

203t e.5nE*11 8.76F*11 1.pt .?n 1.81 51 1.81 .e5 2035

Posn 2 67E*lo 8.85E*ti 27.25 7a 27.25 .52 27.25 45 20e0

20s5 0. 8.29E*11 n.e0 76 0.00 .52 0.00 45 2045

205n 0. A.45F*tt e.60 .Th 0.00 52 0.00 .e5 2050

2054 0. m.R5E*tt 0.60 76 0.00 .52 0.00 45 2055

2066 0. e.85E*tt 0.c0 76 0.00 52 0.00 45 2060

2064 0, n.e5F*tt n.es .Th 0.00 52 0.00 45 fois

2010 0. n.45E*tt n.00 76 0.00 .52 0.00 45 2070

. . . .. . ,, ,
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TABLE 10.E.22. Case 2A - U Only Recycle . Repository in Granite - Reference Treatment -
Unit Power Cost for TR'J Waste Management Including Spent Fuel Handling and Storage

P*.re gghgast!Og p=pygCPitNTE9 avF* AGE DISC 0uhfED AVERAGE 0!SC00*ffD ave 8 ACE
(? PCf3 (M FCT)==-o .ItLsen.-= =ILLsin..e mILLsix we,Eae a*hnst Cu ulaT!wf a**ual CU"cLativt ehkual CU"ulAT!vE a%% gal CJ"JLaftut

.'Ese

a

.... ...... .......... ...... .......... ...... .......... ...... .......... ...

197* 1.tst+1s a.9Pr+ie .a5 .ca 05 02 05 02 1975
198a 1.aat.it 1.=*r+17 .it .07 .11 .07 .11 .06 19so
19a* 6.">5+'t s.asr+t> .=1 .25 53 .23 53 .21 1965
1999 1.ttE+t? 9.itt+17 .so .s3 50 3a 60 35 1991
1999 1.htr+ir 1.63r+tt .6n 51 50 .es 60 81 1995

07 06 2.37'+t7 2.66t+tt 51 53 6 .e7 61 .a3 2000
2Cnm 7.aar+,p 3.afr+1= .t3 57 75 .59 75 .se 2005
7019 F.3eF+t3 5. cat +1t .at .67 81 .53 81 49 2010)
2014 7.tht+17 h.15F*tt .*? .6a 97 .56 97 50 2015
702c 1.6*F+17 ?.ItE+11 1.16 71 1.10 .5? 1.10 .51 202e
7024 1.3?r+12 7.n9t+12 3.at .?n s.81 .59 1.s1 32 2023
7030 9.PtE+13 9.aaE+11 1.7n .Pa 1.70 63 1.70 .32 2030
7039 a.5aF+11 a.76'+11 P.51 .As 2.St .61 2.51 .S2 2035
poan 7.67F+10 a.mst+1t 3c.e9 91 30.99 .61 30.99 .57 20ae
7049 C. P.85f+11 n.ec 95 0.00 61 0.00 .32 2041
705n C. a.35F*13 9.r0 96 0.00 .61 0.00 .52 2050
7054 0. a.e5E+13 6.en 96 0.00 .61 0.00 .52 2055
2060 C. a.P5F*tt e.r0 96 0.00 .61 0.00 .52 2n60
7065 c. a.a5f+1t a.n9 96 0.00 .61 0.00 .52 2065
2076 C. 8.R$r*tt 0.c0 96 0.00 .61 0.00 .32 2070
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TABLE 10.E.23. Case 2A - U Only Recycle - Repository in Shale . Reference Treatment -
Unit Power Cost for TRU Waste Management Inciuding Spent Fuel Handling and Storage

podre CE%FRaff0A iwateCauetEn ave 94GE DISCDe=tFD avEmaGE DISC 0g=tEO AVERAGE
(7 PCT) 00 PCT)

u we *fLLs/u..e MILLSin.=e *1LLSimwwe
Cu utattvt a**dat CoedLaTYvE Teasa

veas aswoat Cp=dLAT!vE awwost ComotaTIVE a%sgaL

.... ...... .......... ...... .......... ...... .......... ...... .......... ....

1974 1.?af.tt a 92E+1s 69 02 05 02 05 02 ttts

1980 3.saE+11 1.86E+17 .31 07 .it 07 .11 06 1980

198% 6.4pr+tt a.a5F+17 99 26 53 .22 50 .21 1965

199n 3.ltE*'2 9.17F+17 51 .aa 61 .37 61 38 1990

199% 1.67E+12 1.63E+11 61 53 61 .as 61 40 1995
,

2006 2.3)E+t> 2.66E+11 62 53 62 .a? 62 .e3 2000

2004 2.4eE+17 3.97F+11 .?? 5m 77 50 77 46 2005

201o 2.3tt+12 5.c4F+11 .p3 63 .P3 .53 83 49 2010

201% 2.teF+1) 6.15E*tt 82 6k .*2 .55 62 49 2015

2 2n 1.82E*12 7.11F+11 95 69 95 .56 95 .50 2020
0

20i5 1.3 ?F +12 7.P9E+11 1 21 73 1.21 .57 1.21 .51 2025

2030 9.23F*tt a.saE*1t 1.a1 77 1.a3 .54 1.e5 .51 203o

2035 4.566+11 ,0.76'*11 2.to .At 2.10 .59 2.10 51 2035

20mo 2. A? E *10 a.a5'*tt 31 40 85 31.60 .59 31.60 51 20a0

206% 0. n.P5F+11 n.no .en 0.09 .59 0.00 51 20a5

2050 n. 4.85E+11 6.no 84 0.00 59 C.00 51 luSO

2059 0. 8.85E+1s n.60 .es 0.00 .59 0.00 .51 2055

206n 0. a.P5E+11 n.no .am 0.00 .59 0.00 51 2060

2064 0. a.p5E+11 n.00 8m 0.00 .59 0.00 .51 2065

207n 0. 4.mSE+31 n.pn .56 0.00 .59 0.00 51 2070
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TABLE 10.E.24. Case 2A - U Only Recycle - Repository in Basalt - Reference Treatment -
Unit Power Cost for TRU Waste Management Including Spent Fuel Handling and Storage

,

P0wru GEwtha7fDN umpf9Cnuw7th AvfeaGE DISC 0047FO AVERAGE 015C0047FD avi'*
(7 PC7) CD PC7)awwo pfLLstumwe MILLSim*we MILL 8sumwevtan avunat Comota7tvE a=gual C'mutaffvE ah% gal Cumuta7tvE akkust Cg._ dae.... ...... .......... ...... .......... ...... .......... ...... ....- ....

197% 1.7EE*11 a.92F+11 .n3 02 05 02 05 _. 1975
19A0 3.aaE+11 1.86E*t2 .tl 07 .11 07 .it .06 1980.

1994 6.0sE+11 a.e5F+12 .ga .27 .5s .23 .5a .at 1995
1990 1.ttE+12 9.17f+t> .60 46 60 .39 .60 36 1990

91 99 t.67E+12 1.63E*tt 67 .55 .67 .e7 .67 43 1995
2006 2.3aF+12 2.66F+11 64 5a .68 .51 64 46 2006
2005 2.anE*12 1.m7F+11 .mo .6% .Se .5s 8a .e9 2005.

acto 2.3tF+12 9.naF+11 .o2 69 92 59 92 52 20te
20t% 2.tnF*12 E.19F*tt .et 73 91 .69 91 .53 2015
202n t.n r+12 7.11E+tt 1.n5 76 1.05 .61 1.05 .54 202n

z

2029 1.37F*12 7.89E+11 t.3a 83 1.34 .63 1.34 .55 2029
203n 9 2gE+11 m.saF+1 e 1.60 85 1.60 .64 1.60 .55 2036
203% 4.5mF+11 8.76E+11 2.ta .69 2.3a .64 2.3e 56 2034
20ao 2.67E+19 4.85t*tt 19.31 9a 35.11 .65 35.11 .56 20eo
20am 0, m.85F+11 n.no 97 0.00 .65 0.00 .56 20a5
2050 C. 9.85E+t1 n.no 97 0.00 .65 0.00 56 2050
205% 0. a.#5F+11 n.00 97 0.00 .65 0.00 .56 2055
2060 n. a.85F+11 0.00 97 0.00 65 0.00 56 2060
2064 c. a.n5t*tt o.on 97 0.00 .65 0.00 56 2065
2070 C. 8.R5E+11 n.no 9? 0.00 .65 0.00 .56 2076

._ _.. . - . . . . . . . . . -. ... . - . . . . _- - . . . . . . - . . . - . .
. . . . ... . - - .. - --

.
. . .. . . . . - - . - . - - - - - - - - -
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TABLE 10.E.26. Case 2A - U Only Recycle - Repository in Granite - Reference Treatment -
Unit Fuel Cost for TRU Waste Management Including Spent Fuel Handling and Storage (3)

7pe put owntsennA7ED avf9 AGE DISC 00m7En AVERAGE O!SC00N7F0 AVERAGE
n

(7 PC71 (lo PC71uG ntscua9EEP nos taem/wt OfSC=A9GED DCLLa98/wG StSCMa#EED 00LLa95/as OtSCwa9GEOvtap a4Nnat Comutativi aWNual C JauL a 7 t vE **NJaL Cg"JLa?!v( aNNQal CQMJLa?!VE VFa#.... ...... .......... ...... .......... ...... .......... ...... .......... ....
1979 4.**E+05 1.7aE*06 17 5 12, 5 32 5 1975
1996 1.27E+0h 6.93F+0A Sn. 19 30 18 30, 17 1940
1989 2.anE+06 1.63F+0? 14%. 77. ta5 bl. ta5 57 1985
199n a.n?E+n6 3.3?F+07 3he. 127 16*. 133 16a. 95 1990
1995 6.21E+n6 6.62F+07 ts). $38, 167 120 162 110 1995
200n 8.7aE+6A 9.86F+ST 161 tea. 163 127 163 318 2000
200% 9.rqF+0A t ast+0a 19a. 153. 198 355 198, 124 2005
2010 9.PaF+nn 1.908+98 701. 16a. 203 142 203 329, 2010
203s m.6nF+nk 7.15r+0a P37, 17A. 737, ta8 237 133 2015
702n 7.77E+06 7.75F+0a 750 189 259 152 759, 136 2020
pott 7.tgr+c4 3.gaF+na pyn. 197 270. 155, 270 137 2025
303o %.itF+64 3.a3E+0m 79h. 706 296 15m. 296 138, 2030
7034 3.94E+nn t.66E+0a Paa. 711. 28a. 159 284, 139, 2035
70an 3.SiF+on 3.795+0* Mi*. 716 539 159 539, 139 20a0

.

20as n. 1.79E*0m a. 727. O. 160 O. 139, 2045
20%o n. 1.79E+0m n. P23. D. 160 O. 119 2050
705% 0, t.79F+0a n. 721. O. 160 O. 139, 2055

| 7060 0, 3.79E+0m 9 723. 6 160 3 139 2060l

2064 0. 3.79E*0m O. 72a. O. 160 D. 139 2065
7070 0. 3.79E+0m P. Pfe. O. 160 O. 139, 2070

Unit cost at time of reactor discharge.a.

_.

___
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TABLE 10.E.27. Case 2A - U Only Recycle - Repository in Shale - Reference Treatment -
Unit Fuel Cost of TRU Waste Management Including Spent Fuel Handling
and Storage (a)

(asst * aw uraCT09 OfSCwassrt

twe pat i.%n t qCDUNTF D awe 2 AGE DISCOUNTED avEpaGr DISC 0uh?ED AVE 9 AGEn
(7 PCT) UcPCT)

WG nyttda9Grn n0LLae9/w . D79CuacGED 00Llan3/W4 DISCMa#GED DOLLa98 pas ptSCMa GEDca

CU"ULaTivt vtaevtan aNNoat CoanLativF aw=ost t"=uLattwt a*% gal
CuruLa?!wE ' .AkNual..... .......... =....... ...... .......... ...... .......... ...... ..........

197% 6.9eE+ns 1.7AE+66 17 9 12 5 12 5 1975

195n 1.27F+nb 4.93F+0s ta. 19 30. 18, 30 !?. 1980

19A% 2.aaE+6h 1. 6 3E * 0 7 tia. 71 138 60 138 56, 1995

199n 4.07r+66 1.37F+07 ens. 110 166 101 166 92 1996

199% 6.2tE+04 k.9?E+07 964 93A. 16a. 119 tha. 109 1995

200n 8.7aE+04 9.86E+07 154 tea. 16e. 127 16a. 117 2000

200% 9.09F+06 1.aaf+9a 707 15a. 202. 135 202 128, 2005

poln 9.2aF*o6 1.9nr+0a 70a. tea. 208 142 208 129 2016

701% 9.6mF+04 7.35F+0a poi. 173. 201. 146 201 132, 2015

Porn 7.ypt+ss p.75p.0a pyg. 17o. 224 te9 224 13a. 2020

202% 7.1%F*0h 3.teF+na 7 11 . 189. 2 51 151. 231. 135, 2025

. t.e35+0a 740 996, 249 153 249 136, 20392050 5.3tf+o6

704% 1.9sF+n6 1.6bE*0 pga. 194. 238 15s. 238 136, 2035

30ao 1.%tE+e6 3.79t+0a Mso. 19a. 550 15a. 550, 136, 20e0

70E% 0 3.79F+3m r. 70s. O. 155 O. 136, 20e5

705n C. 3.79F+0a n. 705. C. 155 O. 136, 2050 =

205% n. 1.79F+0a n. 70s. O. 155 O. 136, 2055

2060 C. M.79E+0a n. 706 O. 155. c. 136 2060

26% 0. 3.79E+3a 0 706. c. 155 D. 136, 206u0

20Fn 0. i.79t+0a n. 706. O. 155 D. 136 2070

.

a. Unit cost at time of reactor discharge.

.
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TABLE 10.E.28. Case 2A - U Only Recycle - Repository in Basalt - Reference Treatment -
Unit Fuel Cost of TRU Waste Management Including Spent Fuel Handling
and Stor. age (a)

(ta3E0 cm REaC7ne DISCuaoGF)

TweUPJ7 0%ntSCouw?E0 avEm GE DtSCouNTED AVERAGE DtSCDuw7ED AVERAGEa

(7 PC7) (v3PC71
4G OISCuaeGEO pOLLaRS/u4 STSCuaeGED 00LLARStas DISCwaRGED. 00LLae8/4G OtSCua4GED

*7Eso ekNost Cp"pla?!wE
. .. .' f a L

CU"uta7tVE aANuaL CuauLa7tvE akNual CuMULa7tVE TEtaawn
.... ...... .......... .. .......... ...... .......... ...... .......... ....

1975 6.seE+cs 1.7er+0s 12 5. 12 5 12 5 1975
198n 1.27E+06 6.93E+ns 30 19 30 18 30 17 1980

1989 2.eaF+06 1.63F*07 tae. 73. 149 62 149 St. 1985 4

1990 e.07E+n6 3.3?E+07 16a. 12%. 16e. 106 164 97, 1990
*

1994 6.2iE*nk 6.92E+07 949 149 180 127 180 116 1995

200n 9.7eE+n6 e.=6E+07 ten. 157 180 137, 180 126 2000

200% 9.0,E+06 1.seE+0m 727. 168 222. 146, 222. 133 2005
2010 9.7aE+n6 1.90F+0a p3n. isp. 230 155 230 too. 2010
201% A.66E+n6 7.35E+0a 723. 190 223 15%. 223 1e3 2015

a

207o 7.7pE+06 2.75E*0m Pa?. 197. 247 163 247 145, 2020

202% ?.1%E+n6 3. tee +0a 756 701. 256 165 256 146 2025
7030 5.3iE+n6 1.43F+0m 777 Ptn. 277 167 277 147 2030

2039 3.96E+06 3.66?+0m 765. P13. 265 168 265 148 2035

20en 1.5tr+nk 1.79E+0a 611. P19 611. 168 611 148 2040

20e9 0 3.79E+0a n. 726 O. 169 O. 148 2045

2050 0. 3.79E*0m n. P27 O. 169 O. 148 2050

205% 0, 3.79E*0m 0. 727 O. 169 O. 148 2055

206n O. 3.79E+0a n. 727 D. 169 O. 148 2060

206% 0 3.79E+0a 6 727. O. 169 O. 148, 2065

207o 0. 3.79E+0a n. P27. O. 169 O. te8 2070

a. Unit cost at time of reactor discharge.
.
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TABLE 10.E.29. Case 2A - U Only Recycle Pu to SHLW - Reference Treatment
Costs for TRU Waste Transportation -
5 M;11 ions at 0% Discount Rate

.

SOLID MiGM LFvtL HULLS AND A8pEMBLv 707AL tN7ERMEDIATE 7074L Low LEvtL 7074L Foe ALL
*

wa$tt WAm0want dASTE LEVEL >ASTE WASTE CLASSIFICA7!ONS
YEAR ANNUAL CUMULA7!WE ANNUAL CU4U(A7!VE ANNUAL CUMQL47[VE ANNUAL Cymy(AtlVE ANNUAL CupulAftVE TEAR
.... ...... .......... ...... .......... ...... .......... ...... .......... ...... .......... ....

1 89 0200 0.06 9.27 8.27 6.15 6.15 27 .27 ta.70 to.70 19859

1996 7.'02 21.5e 18.33 73.75 10.66 54.88 47 2.as 32.48 152.63 1990

1995 15.'33 76.0e 19.23 157.30 * 14.29 116.96 6a 5.2t e5.89 355.56 1995

2006 17281 145.71 26.22 267.e0 29.49 198.83 87 8.86 64.39 620.00 2000

2005 24229 247.71 31.21 412.e? 2a.69 306.69 t.10 13.67 83.28 980 53 2005

201c 30.76 382.0 is.2t 578.50 to.69 a30.te t.to t9.t? 89.76 t 09.90 2010

2015 30276 535.90 27.96 732 30 20.79 5es.50 t.20 25.35 80.72 1838.05 2015

2020 25290 674.37 29.71 873.47 22.09 649.76 1.26 31.13 78.96 7233.13 2020

2025 27252 409.5P 27.96 102s.18 20.79 76t.52 1.20 36.92 77.48 2632 13 2025

2030 25.'90 944.79 20.97 11a3.02 15.59 849.89 97 41.94 63.as 2983.61 te30

2034 19.'e 3 3059.85 13.98 1226 91 10.40 912.27 73 45.81 44.Sa 3283.84 2035

2040 12;g5 1136.56 13.98 1296 82 10.40 964.25 1.28 St.12 38.61 3a48.75 2040

20a5 12.'95 1201 3P 0 00 1326 03 0.00 985.96 36 53.53 13.31 3566 8s 20a5

2056 0.'00 1228.37 n.00 1326.03 0.00 985.96 0.00 Ss.25 0.00 159a.61 2050

2054 0200 $228.37 0 00 1326 03 0.00 985.96 3G 55.33 .36 3595 69 2055

206n 0 00 9224.37 0.f0 1326.03 0.00 985.96 36 56.42 36 3596.78 2060 .

2065 0200 1228.37 0 00 13t6 03 0.00 985.96 36 57.50 36 1597.86 2065

2070 0.00 1228.37 0.00 1326.03 0.00 985.96 0.00 $7.50 0.00 3597.86 2070

2074 0200 1228.37 0 00 1326 03 0.00 985.96 1.08 59.67 1.04 3600 03 2075

.
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TABLE 10.E.31. Case 2A - U Only Rccycle Pu to SHLW - Reference Treatment -
Costs for Geologic Repository in Salt - ;

$ Millions at 0% Discount Rate

i

80 Lip M184 LEVEL wuLL8 amo a88Em8Ly 10 fab 1mTEenE014TE T0faL Los LEVEL Tofa6 Poa aLL
ma87E Han0want ea8TE LEvtL ma87E maaft CLa881 Pica 710=8

VtaR AN4uaL CUMULATIVE a4Nual CUMULATIVE AN4uaL CuPukAT!vt ANNu L Cuautaf!vE annual ~ CumuLafivE vtama
.... ...... .......... ...... .......... ...... .......... ...... .......... ...... .......... ....

91 85 0.00 0.00 6.34 6 34 44.72 44.72 6.02 6.02 57.u7 57 07 1985

1990 53.63 165.00 10.98 56.53 77.e6 398.62 10.42 53.63 152.e9 673.77 1990

1 95 124.73 695.91 14.73 120 56 103.91 850.13 13.98 114.38 257.35 1780.99 19959

2000 196.00 1862.11 20.09 20s.95 141.69 1e45.23 19.06 194.45 376.e5 3306.74 2000

tuCS 267.28 258e.68 25.a5 316 13 179.47 2229.24 24.15 299.93 496.35 5429.9e 2005

2010 338.55 4063.63 25.e5 443.38 179.47 3826.68 te.15 e20.67 567.62 8054.2e 2010

2015 338.55 5756.39 21.e3 561 26 151.13 3957.85 26.31 556.40 537.e3 10831 90 2015

2020 285.10 732a.43 22.77 669.76 160.58 4722.97 27.58 683.2e 496.03 13400.40 2020

2u25 302.92 8767.73 21.e3 78e.96 151.13 5535.32 26.31 810.a6 501.79 15898.s7 2025

2030 285.10 10300.13 16.07 876.04 113.35 6177.64 21.22 920.78 435.75 18274.60 2030

2035 213.82 11511 79 10.72 940 3e 75.57 6631.05 16.14 1005.68 316.25 20088.86 2035

2040 162.55 12367.04 in.72 993.92 75.57 7008.89 28.09 1122.22 256.92 21492 12 2040

2u45 1e2.55 13079.83 0.00 1016 30 0.00 ,7166.72 8.00 1175.e5 150.54 22438.30 2045

tuSO 0.00 13330.15 0.00 1016.30 0.00 7166.72 0.00 1191.es 0.00 2270s.61 2050

2u55 0.00 13330 15 0 00 1016 30 0.00 7166.72 8.00 1215.43 8.00 22728 59 2055

2060 0.00 13330.15 0.00 1016.30 0.00 7466.72 8.00 1239.e2 8.00 22752.58 2060

2065 0.00 13330.15 0.00 1016 30 0.00 7166.72 8.00 1263.s0 8.00 22776.57 2065

2070 0.00 13330.15 0.00 1016.30 0.00 7166.74 0.00 1263.40 0.00 22776.57 2070

2075 0.00 13330.15 0.00 1C16 36 0.00 7166.72 23.99 1311.38 23.99 22824.55 4075

!

- . , . . _ _
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TABLE 10.E.32. Case 2A - U Only Recycle Pu to SHLW - Reference Treatment -
Non-Spent Fuel System Waste Management Costs for Repository in Salt -
5 Millions at O! Discount Rate

TWEAT=ENT TREATMENT Ta&NSPG4. WEPU511UMT IMIEN1M PUQ2 Puot DI5 man?L1hb TOTALytam at FRP 4T =0E FFP T&TIO% STueaGk 510N4bE eMIPPINS FMP*auA SYSTEM vtAN.... .......... .......... .......... .......... .......... .......... .......... .......... .......... ....
,

!?es e62. n. 15. 57 105. v. O. O. 639 1?os
1?90 1585. 9 153. 67e. 105. u. Q. L. 2516 1990
!?95 3057. O. 356 1761. 105. u. O. D. 5298 1993
2000 5243 6 671. 3307 105. W. O. C. 9273 2 WOO
2005 8116. O. 991. 5a30. 105., U. O. D. 14632 2003
aut0 11409 6 1410. 805e. 105 u. O. 2 20960 2010 s2015 14a59 D. IS3e. 10632. 105. u. D. 31. 27265 2u1D
2020 17266. D. 7233. 13400. 105 u. C. 51. 33055, 2029
2025 20246. O. 7632. I$698. 105. u. 0.- 73. 38955 2U25
2030 22603. n. 79as. 18275. 105. u. O. 100 se066 2U30
2U35 de266. o. 324e. 20069 105. u. D. 129 e7833. 2033
2040 75653. o. 3aa9 2g492. 105 u. O. 185. 50883 2040
Zue5 26737. o. 3567 22838 105. v. D. 243. 525ss. Aust
2050 26232. O. 3595 22705. 105 O. Q. 257 52693 2chu
2uS5 26232. o. 3594 22729 105. v. O. 239 52950. 2u55
2060 26232. 1. 3597- 22753 105. u. O. 320. 55006 2060
2065 26732 O. -3596. 22777. 105, u. O. 348. 53059 aut5
2070 26 32. O. 359e. 22777 105 O. O. 353 53068 2070

2

2075 26 32. O. 3600. 22825. 105, u. O. 403. 53164 2075
2

s

_ _ . . . . . . . - - - - -
- - - - - - - -

-
-

- - - - - - -- -
' '- ' ' '"~ ' " ' ' - ~ ' ' ' ' ' ' ~ ~ ~ ~ ~

- -' - '''-- -



_ TABLE 10.E.33. Case 2A - U Only Recycle Pu to SHLW - Reference Treatment -
Costs for Geologic Repository in Granite -
5 Millions at 07. Discount Rate

s0LIO M1G4 LEVEL MULLS AND AastmeLy 707AL !=7EmmE0! ATE TOTAL Los LEVEL 7074L PCs aLL
WASTE Nam 0 MARE uASTL LLVEL mASTE sA87t CLAsalPICA710m3

vtAR ANNUAL CuauLAT1vt ANNUAL CuautAfgvg AhhuaL Cyruba7gvE ammuAL CuMULAfttE AkhuaL' CuuuLATIVE Team

.... ...... .......... ...... .......... ...... .......... ...... .......... ...... .......... ....

1?ss 0.00 0 00 31 03 11 03 47.e6 67.s6 e.9a s.9e s7.s7 er.or 19e5

1990 84.46 217.75 19.11 98.36 117.54 604.90 15.56 80.06 236.67 1001.07 1990

t?95 136.41 873.81 25.64 209.77 157.68 1290.ca 20.87 170.74 340.39 2544.40 1995

2u00 214.36 !?tt.76 34.96 356.61 215.01 2193.13 28.46 290.25 492.F9 4551.?* 2000

Zuo5 292.3 2939.46 44.29 550 07 272.35 3382.87 36.04 447.71 644.99 7320 11 2005

2u10 370.26 4556.91 44.29 771.49 272.35 4744.62 36.04 627.93 722.9a 10700.9b 2010

2u15 658.25 7548.10 37.29 976 60 229.35 6006.03 39.27 830 54 96a.g5 g5661 2e d015

2u20 554.31 10896.7m 39.62 1165.40 243.68 7167.30 41.17 1019.67 6 7 r, . F 8 20249.15 dO20

2u25 588.95 33702 95 37.29 1365.e5 229.35 e399.e4 39.27 1209.77 894.46 24678.41 d025
~

2u30 554.31 16682.34 27.97 1524.34 172.01 4374.57 31.68 1374.44 705.97 28955.69 2030

au35 415.73 19038.ta 18.65 1636 22 114.67 10062.61 24.09 1501 17 573.14 32238.ga 2035

2040 155,90 20456.54 16.65 1729.45 114.67 10635.9e 41.93 1675.14 331.15 34499.1d 2040

2045 155.90 21238.04 0.00 1768.40 0.00 10875.49 11.94 1754.58 167.83 35636.51 2045

2950 0.00 2 563.65 n.00 1768.40 0.00 10875.49 0.00 1778.45 0.00 35965.99 2050

2055 0.00 2:563.65 0.00 1766.40 0.00 10875.49 11.94 1814.26 11.94 36021 60 2055

2u60 0.00 21563.65 0.00 1764.40 0.00 10875.49 11.94 1850.06 11.94 36057.6u 2060

2065 0.00 21563.65 0 00 1768.a0 0.00 10875.49 11.94 1885.87 11.94 36093 41 d065

tufo 0.00 2' 7,65 0.00 176s.40 0.00 10875.49 0.00 1885.87 0.00 36093 41 2070

2u75 0.00 21563 65 0.00 1768.40 0.00 10875.e9 35.sg 1957.48 35.e1 36545 02 2075

__



|
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TABLE 10.E.34 Case 2A - U Only Recycle Pu to SHLW - Eeference Treatment -
Non-Spent Fuel System Waste Management Costs for Repository in Granite -
t Millions at O' Discount Rate

|

T4E AT9E =T TREAfmEhi T9ANSPOW. NEP031704Y In1ER!m PuC2 ruca DISaANTL1=E TOTAL
.E.AR
T AT FRD AT M0r FFP TATION STORAst STUMAGE tm!PPING FMP*not SYSTEM YEAm.. .......... .......... .......... .......... .......... .......... .......... .......... .......... ....

1985 a62. c. 15. 88. 105. u. c. O. 670 1985

1990 1658. O. 153 3001. 105. u. 3 3 2916 1990

1995 3236. O. 356. 254*. 105. u. O. c. 6241. 1995

2000 55a9. D. 621. a552. 105. U. O. O. 10827 2000

2005 8597 D. 981. 7320. 105. O. O. O. 17002, 2003

2010 12005. c. 1410. 10701. 105. u. c. 2 24302 2010

2u15 15435. O. 1834 15661. 1C5. u. 3. 31. 33270. 2u15

2u20 16903. n. 2233 202e9 105. u. O. 51. 415al. 292u

2u25 22372. O. 2632. 2a&'8. 105. O. D. 73. e9868. 2025

Eu30 25116 o. 29me. 28956 105. U. O. 100 57260 Zulu
2ul5 27052. D. 32aa. 32238. 105. u. C. 129 62769 2u35

2u80 2460s. O. 3aag. 3ea99 105. u. D. 185. 66846 gueo

2us5 29222 6. 3567 35637. 105. U. O. 243. 69772. 2985

2u50 29222. C. 3595 35986. 105. C. O. 257 6916s. 2u59

tuS5 29222 O. 3596. 36022. 105. U. O. 289 69233 2055

2060 29222. O. 3597 36058. 105 O. O. 320. 6930s. 2060

2065 29222. D. 359A. 36093. 105. O. Q. 388 69366 2065

zufo 29222. 6 3598. 36093 105 d. O. 353 69371 2070

2u75 29222. c. 3600. 36165. 105. G. c. 403. 69495 2075

_ . _ _ _ _ _ - _ _ _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ - _ _ - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - _



_ _ _ _ _ - . _ _ _ _ _ _ _ _ - _ _ _ _ _ _ . _ _ _ _ _ _ _ . _ - _ - _ ____ ______ - - - - - _______

TABLE 10.E.35. Case 2A - 0 Only Recycle Pu to SHLW - Reference Treatment -
Costs for Geologic Repository in Shale -
5 Millions at 0% Discount Rate

.

SOLIO HISH LEVEL MutL8 AND ASSEMBLv TOTAL th7(NNE01 ATE 707AL LO= LEvtL 707AL +0e ALL

ftAR ANNUAL CuMUL&7tyt ANkdAL Cumu(ATIVE ANNUAL CuMULAftvE AmmuAL Cy4ULA7]v[ AhhuAL~
A710%8WASTE WARDWAeE dA87t LEVEL NA87g =ASTE CL A381P 1

Cumu(Af1VE YEAM

.... ...... .......... ...... .......... ...... .......... ...... .......... ...... .......... ....

1985 0.00 0.00 8.27 8 27 56.01 56.01 8.31 8.31 72.60 72 64 1985

1990 95.13 206.25 14.33 73.75 97.02 499.30 1a.40 74.12 220.e5 853.4d 1990

!?95 153.65 945.20 19.23 157.30 130.15 1064.87 19.32 150.07 322.34 P325.43 1995

2000 241.e4 1889.03 26.22 267.40 177.48 1810.27 26.35 268.72 aft.ee 4235 43 DODO

2005 329.2a 3271 85 33.21 ett.sf d24.81 2792.32 33.37 e14.50 620.63 h891 13 d005

2010 417.0a 5093.65 33.21 578.50 224.81 3916.35 33.37 581.35 70s.s2 intet.85 4010

aut5 417.04 7178.85 27.96 732 30 189.31 e957.55 36.36 768.93 670.67 19637 63 d015

2u20 351,19 9110.e1 29.71 873.87 203.14 5915.93 38.11 944.21 620.16 168ea.ed dcca

tu25 373.14 10888.32 27.96 102a.18 189.33 6933.47 36.36 1120.02 626.F7 19965.99 4025

2030 331.19 12775.97 20.97 1143.02 181.98 7738.04 29.33 1272.s8 543.e8 22929.51 4030

2035 263.39 14268.5s 13.98 1226 91 9e.65 8305.97 22.31 1389.80 398.34 25191 2d 2035

2u40 !?5.60 15322.12 13.98 129e.02 94.65 SF79.24 38.82 1550.87 323.05 26949.05 d080

20e5 !?5.60 16200 10 0.00 1326 03 0.00 8976.94 11.05 1624.e1 186.65 28127 48 4045

2u50 0.00 16566.85 n.00 1326.03 0.00 8476.94 0.00 1646.51 0.00 28516.33 2050

EuS5 0.00 16366.85 0.00 1326 03 0.00 89F6.94 11.05 1679.66 11.05 28549.a8 4055

2060 0.00 16566.85 0.00 1326.03 0.00 8976.ga 11.05 1712.81 11.05 28582.63 2060

2v65 0.00 16566.85 0.00 1326.03 0.00 8976.9e It.C5 1745.96 11.05 28615 7e d065

2070 0.00 16566.85 0.00 1326.03 0.00 8976.94 0.00 1745.96 0.00 28615.7s 2070

2075 0.00 16566.85 0.00 1326 33 0.00 8976.98 33.15 1812.26 33.15 28682 0a a075

.



TABLE 10.E.36. Case 2A - U Only Recycle Pu to SHLW - Reference Treatment -
Non-Spent Fuel System Waste Management Costs for Repository in Shale -
5 Millions at 0% Discount Rate

TREATMENT TREAT 4ENT TRANSP09. rep 051Tud? Im1ENin Puot FuG2 O!SMANTLING Tot 4L
YEAR AT FRP AT MOR FFF T4T10N STURAGE S10NAWE eM1pr!NG FRP*MDK 8YSTEN T64N
.... .......... .......... .......... .......... .......... .......... .......... .......... .......... ....

19s5 e62. D. 15. 73. 105. u. O. O. 654 1985

!?90 1724. c. 153 853. 105. G. O. O. 2435 1990

!?95 3a58. O. 356. 2325. 105. G. D. O. 6244 1**D

2uoD 6n00. O. 621. 4233 105. O. O.- 0 10961. 2u00

2005 9349. D. 981. 6891. 105. u. O. u. 17325 duos

2010 13181. O. 1810. 10170. 105. O. O. 2 24868 2010

2015 16?32. O. 1838. 13635. 105. u. D. 31. 32:a3. 2015

2020 20000. n. 2233 16ase. 105. u. D. 51. 39233, 2020

2025 23469 p. 2632. 19966. 105. D. O. 73 462e6 2025

2u30 26213. O. 2984 22930. 105 O. O. 100 52331 2030 -

:

2035 28 49. o. 32as. 25191 105. U. O. 129 56819 79331

2?40 29763. O. 34ag. 26949 105. U. Q. 185 60450 2080

20e5 30437. O. 3567. 28127. 105. u. O. 243. 62e79 2045
'2050 30a37 O. 3595 28516. 105. U. O. 257 62910 2050j

2u55 30a37. O. 3596. 28549 105. G. O. 289 62976 ZuS5 ,

2060 30 37 O. 3597 28583. 105. O. O. 320 63041, foto

i2065 30437. O. 3598. 28616. 105. G. O. 348e 63104 2045;
-!

2070 30437. C. 3598. 28616 105 o. O. 353 63109, 2070|
20F5 30437. O. 3600. 28662. 105. U. D. 403. 63227 2075

!
;

!
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TABLE 10.E.37. Case 2A - U Only Recycle Pu to SHLW - Reference Treatment -
Costs for Geologic Repository in Basait -
5 Millions at 0% Discount Rate

SOLIO MIEM LEWEL WuLLS AND ASSEM867 707AL INTE= MEDIATE 707AL LOW LEVEL TOT AL P0m ALL
dASTE HARDWARE *ASTE LEVEL =487E =ASTE CLAS31 TIC &71043

7 TAR AN4UAL GUMULATIVE ANNUAL CUMULA71vt ANauAL CunuLA71vE aNau L CUMULATIVE a%% gal' CumutA71*E 7EA=a

= = . - - ...... .......... ...... .......... ...... .......... . ...... .......... ...... .......... ....

1585 0.00 1.00 11.58 11 58 73.72 73.72 11.06 11.06 96.37 96 37 1985

1990 65.26 200.77 20.06 103.26 127.70 657.20 19.15 98.57 232.18 1u59.7* 1990

1995 187.37 1103 93 26.92 220 22 171.31 1401.61 25.69 210.22 att.de 2933.96 1995
.

2u00 29e es 2252.9a 3h.70 37s.37 233.60 2382.73 35.04 357.38 599.79 5367.4d 2000

2u05 801.52 3939.31 a6.a9 577.e5 295.90 3675.33 es.38 551.25 788.d8 sta3 34 4005

2010 508.59 6161.02 e6 ag sq9.90 295.90 515e.80 as.38 773.16 695.35 12898.89 d010

2015 508.59 A703.96 39.15 lu25.22 de9.17 65d5.27 48.35 1022.63 es3.46 17277 0F 2015 .

2020 a28.28 11059.51 et.60 1223.42 g64.75 7786.71 50.69 1255.7e 7e5.32 21325.39 dodo

| 2U25 455.05 13227.70 39 15 te33 85 2a9.17 9126.03 48.35 te89.56 791.75 252??.13 4025

2u30 e28.28 15529.72 29.36 1600 23 106,88 101a5.02 39.01 1692.32 683.no 29007.29 4030

2u35 321.21 17349.92 19.57 1717.65 124.59 10932.55 29.67 1848.35 a95.us 31848.50 2035

20eo 214 ta 1863a.?? 19.57 1815.55 124.59 115S5.48 51.62 2062.56 a09.93 3e068.37 2080

2045 214.14 19705.48 0.00 1856.ee 0.00 11815.70 ga.70 2160.37 228.aa 35537.99 20a5

au50 0.00 20144.ca 0.00 1856.44 0.00 11815.70 0.00 2189.76 0.00 36006.34 20SO

2055 0.00 20tes.4a 0.00 1856 44 0.00 11815.70 18.70 2233.84 te.F0 36050.ed 2055

2u60 0.00 20144.ee 6.00 1856.4e 0.00 11815.70 14.70 2277.93' te.ro 35094.51 2060

2065 0.00 20144.44 0.00 1856.as 0.00 11815.70 18.70 2322.01 te.70 36 38.60 4065

2070 0,00 20taa.se 0.00 1856.se 0.00 11815.70 0.00 2322.01 0.00 36138.60 dQ70

2075 0.00 20144.es 0.00 1856.ae 0.00 11815.70 44.09 2410.19 44.09 36226.77 4075

-- - _ _ _ _ = - _ - . - - . - - - - - - . . _ . - . . . . . - . . . . . . . - . . . . . -
.
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TABLE 10.E.38. Case 2A - U Only Recycle Pu to SHLW - Reference Treatment -
Non-Spent Fuel System Waste Management Costs for Repository in Basalt -
$ Millions at 0% Discount Rate

TREATMENT TREATMENT TRAhbPum. REPOSliuRT IN!ER!n puC2 pug 2 DI8mANTL1hG TOTALYEA * AT FRP AT MON FFP TATION STURAGE $10WAbE eMIPPlus FwP*Moa 8YSTEM TSAN.... .......... .......... .......... .......... .......... .......... .......... .......... .......... ....

1985 462. O. 15. 96. 105. u. O. D. 678 1983
1990 1699. 6 153. 106u. 105. U. D. O. 3016 1990
1995 3433. O. 356, 293a. 105. u. D. D. 6828 1995
2000 5975. O. 621. 5367. 105. O. O. O. 12068 2u00
2005 9523. O. 981 9743. 105. O. 3. C. 19152 2003
2010 13156. O. talo. 12899 105. u. Q. 2 27571.- 2010
2015 16706. O. 1838. 1727F. 105. u. O. 31. 35958 2utS
2020 1997a. O. 2233. 21325. 105. U. O. 51. 43689 2020
2025 23asa. O. 2632. 2527F. 105. O. O. 73. 51532 2023
2C30 26187 O. 298s. 2900F. 105 u. D. 100 58383 203U
20$$ 28 2e. O. 3244 31849 105. u. o. 129 63450. au33

3

20ac 29733. o. 3449, 34066. 105. u. D. 185 67544 2040
20e5 30e12. O. 3567 35538. 105. O. O. 243. 69864 2043
2050 30e12. O. 3595. 36006 105. u. Q. 257 70374 2950
2055 30a12. O. 3596. 36050. 105. O. O. 289 70452 205S
20eo 30412. O. 3597 36095. 105. O. O. 320 70528 3060

2005 30412 O. 3598. 36139 105. O. D. 348 70601. 2065
2070 30412. O. 3598. 36139 105 U. O. 353 70606 Rotu
2075 30412. O. 3600. 3622F. 105. D. O. 403. 707a7, 2u75

i
i

|
._ .__ _ . . . . . - . .- - - - - - - - - - - - - - ' -

- - - - - - - - - ~ -
- - . - - - - - - - . - - - --
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| TAULE 10.E.41. Case 2A - U Only Recycle Pu to SHLW - Reference Treatment -
' Non-Spent Fuel System Waste fianagement Costs for Repository in Granite -

$ Millions at 71 Discount Rate
|

YdEATML%T THEATmENT teamspaa. NEP081 TONY 1m!ERIm PuC2 rout 013MANTLImG TOTAL

vpAR AT FRP AT mor FFP TA710m STuqast STONAGE SMIPPING PNP *MOR 575I(M 76AM

.... .......... .......... .......... .......... .......... .......... .......... .......... .......... ....

1?65 297. O. 9 51. 71. u. O. O. 426. !?at

1990 963. D. 7a. 479. 71. v. O. O. 1sS6, 1990

1?95 1392. O. le2. 999 71. O. O. O. 2603. 1?931

2000 1947. 6. 205. 1479 71. O. O. O. 3702. 2000

EuG5 2e69 o. 267 1958 71. O. O. O. e761. 2003

2U10 2R99. O. 320. 2369 71. O. O. O. 5659 2010

2u15 3211. D. 357 2005. 71 U. O. 3. 64a6 2u15

auto 3 15. O. 382. 3092. 71. D. D. 4, 6964 2020

2025 3572. n. 400. 1290. 71. U. C. 5. 7337, 2025

Zu30 5660. o. 411. 3a27. 71. O. 3. 6 7575 2030

2035 3705. o. alt. 3S03. 71 U. O. 6. 7702 2033

2u40 3730. O. a21. 3S40. 71. O. O. 7 7769 2U40

2ue5 3738. o. a22. 3S54. 71 D. O. 8. 7792. 2043

2050 3738. D. 422. 3557. 71. D. O. 8 7796 2050

2u55 3738. o. 422. 3557. 71 D. O. 8. 7796 2055

|

2u60 3738. 6. 422. 3557 71. O. O. 8 7796 2060

2U65 3738. O. s22. 3557. 71. O. O. 9 7797 2063

2uf0 3738. c. 422. 3557. 71. O. O. 9, 7797 2070

2uf5 3738. O, e22. 3557. 71. u. O. 9 7797 2075

__



.. _ _ _ _ _ _ _ _ __ . _ _ _ _ _ _ _ _

W 9 #5 O JI D ft 3 A O A 3 e O- fl O M O at O Me4 e P . @ O O * .* 8ts N M M e e fft Irt e e e' >44 9 P- Pa p4 3e 3 3 3 0 3 3 3 O O O O O O- Os O
> 0 == -e .* N N N N es nf N na as ne no as N as af sW

8
8
6
e e e

.e .e
e e e e e e e o e e o e e o e

W 8 p a e e Rs O e e mi e des .* Ert P D O O O O
J ena 4 .* e e Ap e e e N e. M e O na me ed M M M M

.e .e
e> e an > e > M e . M e tra irt en en en et at M

|'
N. N M e n e e > > > > > > > > > > >O> e
>e8

9

@ LB
- a e
m ** 9
.C J 9
m > et 6 e o e e o e o e e e o e o e o e e o eFO O O O O O O O M e F1 e e > e e e e P e e*E 8
.,C. E a B

em a 9
, g ws a

L O tb S
+> O
C&
QJ *c- gm i

0
0 a.e emh t e e e e e e o e o e e e e e e e o e o eOO e.e e O O O O O O O O O O O O O o O O O O O

H 'tL t 4 5

As t 8
-

L ct me e
bO 3Y I
u te Eee
C:
Q sn
L +J
We 8

bo e

wtou . . e e . . . . . e e e o e . . e e .%
p ee o 3 3 0 3 3 3 - 3 O O 3 3 3 3 O O. O O 3eet C Nra
@

TE O O.83r s
f W Lea

X Cn
mN

C
Omo e
e E e.J e i

C 8 a

ggg K de o
.e .e .o .e .o. .e. .o .e .o .e -

e e e e e m a egp me te e .e o e e o .e .e .e .e .e * e e e .o .e megp ee S > > > > > > > P. em > >= > > > > > > b omQmC UN *
i

u, e u 3.e'.8 j
r ,z 3

o . t .
!>

U @ M ,QJ +> ** i

NmQ I> e
h e e

k m kt 3 e
e fN m 3 e e o

.e.
e o e e e e e a e e e o e e oC& se e N ew e

e.e e
O.e

N em M e D M e e e > > omO O 4J ss a e O O e N as e r* M art art art ert et in art3 m O 6 e F e89 e N O > e F O O O O O O O O O"") k & S .* ** du N fu Af N M M M M M M M M Me w 6
6 eb C M *
C O

cf W *e=
N C1-

mm 8 !
8 8Q t e

A,: ,e .o .e
-Cr . e * * e e e e o e o e e e . .mO . . e N e .- O - N OUZM

e ms N M M M e e..
s e N N N N N o, NMO $ >

.e O 4 N trt er O N N As N as N As NE ee 5 e e e e e e e e ee 6- 4
* Er e 4N > 9- 9

*2

. E 9
O F- a e
p. F tk 8

ins a e o e e o e e e o e o e e o e e o e ay 2 ee O C C C C O O C O O O O O C C O O O O Oy &O O
m eE e
q w e
g rk e

ee4

e
> e I
E 4

eeJ G e e
* + Art e N M e e N em M Af N At

e e e o e * * * * * * * e e e eFS 3 p. en ett n no n N
o.f e.s>E $ P e b e tri M e e D 1P M e e* k >= k >e to. 9 Ms e e O 4 ** 4 e e e tP EP @ (P e a e e ataa $ ee N N M M M M M M M M M si M M M MEk 8

> e5

3 8 FL O tri O
em . .O

to O tri O @ O F1 O trl O yt 'O triee e e e O O e a na N ** M e e tre in a e sw >ad i O Pe Pe
P.*e

3 On 3+ 3- 3 3 3 3a 3 3' 3 3 3 3< 3 3>S ** *e 4 Af Re Af N N N Af 8W N GW W N mi Al N



Case 2A - U Only Recycle Pu to SHLW - Reference Tre:trent -TABLE 10.E.43. Non-Spent Fuel System Waste Management Costs for Repository in Basalt -~ ~ ~ ~ ~
~

$ Millions at 7% Discount Rate
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TABLE 10.E.49. Case 2B - U Only Recycle - Repository in Salt - Reference Treabnent -
Ur.it Power Cost for TRU Waste Management Including Fuel Handling and Storage

,

i

PDwsR C(N(e 7 ton puotstnuhrto gygRgGE o!$CogN7fo AVERAGE eletou"7to avtRAGEs
(7 PCT 3 (lo PC 71

emme MILLS / supe #!LL9/Ruwe MILLE /eWW4 ,

1

vtan a==uat Cuautativt s%wual Cumuta7tvt AN404( CdWu(&7tvt A44UAL CupWLA7!VE 7tas

.... ...... .......... ...... .......... ...... .......... ...... .......... .... ;

1975 1. var +it e. eat +ti .ns .ca .os .oa .os .oa tots ;

l'on 1.e E+tt t.a6t+t> .it .07 .it 07 .11 .o6 1980

19a= 6.ssr+tt a.est+t> .se .re .se .as .se .as toes

ss .3e .ss .ss 1**o199n totir+ta e.ift+tp .ss .es o

1995 1.67t+ia t.63t+1s 56 .se 56 .e3 .56 .so toes

2006 a.szt ta a.66t+5 56 .sn 56 .es 56 .sa 2000

aces a.ent ia 1.att.ts .mo .si 69 .e7 69 .se 200s

acto a,3,r+t> s.ner+ti .va .sn 7e .so 7s .e6 acto

acts a.tnr ta 6.tst+ti 76 .61 76 .se 76 .sf acts

aoan 1.9mE+ a 7.itt+ti .=o 6e 90 .ss 90 .se acao

20a5 t.3?t+s> 7.P9F*ti 1.ta 6a 1.la .se t.ta 48 acas'

a 3n o.ait+tt a.ser+ti 1.3 7a 1.31 .ss 1.31 .se aoso
,

| o
l

ross e.snt+it a.76r+t= i.7m 7s 1.76 .ss 1.76 .ee aoss

a an a.mir+to a.ast+1s a7.aa 74 27.as .56 af.te .se aosoJ c
j

20+= n. a.ast+ti n.no .an n.oo .56 0.00 .se aoes

aosa o. a.ast*ti e.nn .en o.00 .56 0.00 .se aoso

i ross n. a.est+t, n.en .so a.oo .ss o.co .e, aoss

206n o. a.mst+tt o.co .st o.co .s6 o.co .ee aceo

a065 e. a.ast*tt o.nn .st o.00 .56 0.00 4, ac6s

torn o. p.est+ti n.no .st 0.00 .s6 c.00 .ao acto

.

__ . . . _ _ _ _ _ - _ _ _ __



TABLE 10.E.50. Case 2B - U Only Recycle - Repository in Granite - Reference Treatment -
Unit Power Cost for TRU Waste Management including Spent Fuel Handling and Storage

l

|

|

P6wFD CEkERAT10k HMntsCnuaTE3 AVERAGE OtSCOUNTED AVERAGE O!SCouMTED avEsaGE *

I (7 PCT) (10 PCT 3
Mwue m!ttspuwwe "!LL5tawwe PILL 5/sawR

| vtap amment Cuauta*tvE suquel CuautaffvE annual CuautattvE aN4ual CU"uLaftvE yea #
.*.. ...... .......... ...... .......... ...... .......... ...... ....+=.... ....

, 1975 1.7aE+13 e,92E+1, .m5 07 05 02 05 02 1975

1983 3.aaE+11 1.a6F+t> .31 .07 .11 07 .11 .06 1980

1999 6.PDE+11 e.e5F*17 66 .3n 60 .25 en .2% 1985e

199c t.1tF+17 9.17F+tp 6a .5e .66 .e2 64 .39 1990

1985 1.6?E+t7 f.63r+1t .An .",7 68 8% 68 45 1995

2006 2.37F+17 2.66E*t* .sm .6n .69 .53 .68 .a9 2000-

7004 2.asE+17 t.87E+11 .a5 6a 85 .56 85 .51 2005

j 7016 2.3tt+17 5.esF+3s .et 7s 91 .59 93 .5a 2010

Pott 2.inE+17 6.15E+11 .*o 7a 90 61 90 .55 2015

P026 ~ 1.m>E+17 7.ttf+tt 1.e5 .?? t.n3 .61 1.05 56 2020

202% t.3?E+tp 7.89E+t= 1 12 .St 1.32 .64 1.32 57 2025

203n 9.2ttest a.e4E*tt 1.55 85 1.55 .65 1.55 .57 2030

7039 8.5nE*t1 6.76t+11 2.pa 89 2.as .65 2.Pa 57 2035

20ee 2.6?E+10 P.65E+11 14.76 95 34.26 6s 34 26 .57 2040

20em 0, a.85E+11 e.oo 9A 0.00 66 0.00 .57 20e5

2050 0. a.85E+1t n.no 96 0.00 .66 0.00 .57 2050

2054 0. p.astett a,nn 96 0.00 .66 0.00 .57 2055

2066 0. n.35E+t3 n.nn 96 0.00 .66 0.00 .57 2060

2069 0. 9.85E+11 6.00 97 0.00 .66 0.00 .57 2065
3

,0tn O. 8. 5r+i3 n.nn 9, 0.e0 .66 0.00 57 20rn ;

i

|
!

l

!
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TABLE 10.E.51. Case 28 - U Only Recycle - Repository in Shale - Reference Treatment -<

Unit Power Cost for TRU Waste Management Including Spent Fuel Handling and Storage

,

#Pn=rR CENE a7 ION ti=0 ! sC 00N 7 F n ay{RgSE DISCOG%7F0 aWEOscE DISCOUh?ED avg 4 AGE
(7 PCT) EK) PCT)

rm=9 agttsisww9 utLL5/umme h!LLS/8the .

vtan a um.ia L CttuuL a ?!vE awmost C4Mut a ?tvE ANNUAL CuadLaftvE ANhuaL CuauLa?!vt VE&e
.... ...... .......... ...... .......... ...... .......... .=.... .......... ....

,

1974- 1.7aE+11 a 927 tt 6% 02 05 02 05 02 1975

1980 3.eaF+31 1.66E*tp .11 07 11 .07 .11 06 1980 j

19s% 6.8)E+11 4.458+1P 58 .29 58 .25 54 .23 1985
* 1990 1.1tE+12 9.t?!+17 .A2 49 62 .at 62 .34 1990 !

1999 1.%7F+12 t.63E+11 69 .57 .69 .a9 69 45 1995
4 - 7000 2.37F+12 2.46F*11 70 6n 70 .53 70 .s4 2000

200% 2.anE+12 3.87F +11 .a7 69 27 56 87 .52 2005

2010 2.3tE*12 5.04E+11 9a .71 9e .60 9e .5a 2010 *

20tM 2.teF*t2 6.15F+1t .e2 75 92 .62 92 55 2015 '

02 20 1. 9)E +17 7.11E+1t t.a7 74 1.07 .63 1.07 56 2020

7029 1.3?F+1P 7.**F+tt 1.16 .St 1.36 .65 1.36 .57 7m25

2030 9.2tE+)t a.aeF+11 1 6n 87 1.60 .66 1.60 .57 2030

703% a.5ns+tt 4.76E+1= 2.42 4e 2.32 .66 2.32 .54 2035

20en 2.67F+10 P.95E+tt 35.3% 96 35.15 .67 35.15 .54 20a0 i

20am O. s.45E+tt n.00 .en 0.00 .67 0.00 .5A 2005

705n O. m.458+91 n.e6 94 0.00 .67 0.00 .58 2050 6

705% 0 m.a$r+12 e.no 9o 0.00 .67 0.00 .54 2055

206n D. 9.95E*tt n.00 99 0.00 .67 0.00 .5m 2060

7064 0. 4.85E+11 0.00 99 0.00 67 0.00 .54 2065

20?n C. 9.85E+t1 9.00 99 0.00 .67 0.00 .58 2070

J

)

f

.
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TABLE 10.E.52. Case 2B - U Only Recycle - Repository in Basalt - Reference Treatment -
Unit Power Cost for TRU Waste Management Including Spent Fuel Handling and Storage

P0wrR GEkERattnw tiNntstruk?ED awre GE DIStouh7Eu AVERAGE 018C00h7E0 avEmaGEa

-(7 PCf3 (D) Pct) <

unwa utLL9/m.we u!LLS/nwut MILLSpumue |
vEse awsoaL Co.eLa?!wE smuual CuautattVE ANNga( CQMOLattvE ANugaL Cuaut&7tvE YEae

~

.... ...... .......... ...... .......... ...... .......... ...... .......... ....

1975 1.7aE+31 a.e2E+1e .n% 07 05 02 05 02 1975

39an 3,aat,11 1.P6E*17 .31 .07 .11 .07 .11 .06 1980

19A% 6.8;E*11 a e5F+17 67 .30 62 .25 62 .23 1995

199n 1.ltFeff 9.t?E+17 .kA .57 64 .a3 64 .a0 199e

1999 1.67F+12 1.63F*ti 75 .59 75 53 75 .a7 1995

200n 2.3;E+12 2.66E*11 76 6a 76 .56 76 .51 2000

2005 2.anF+3p 3.e?E*11 95 76 95 60 95 55 2005 ,

i

2010 P.3tE+12 *.0aF+11 1.e1 76 1.03 6a 1.03 57 20tn

Pott 2. tee +12 6 15r+tt t.n2 81 1.02 66 1.02 .59 2015

202n 1.A2E+12 7.1tF+11 1 1m 85 1.18 .68 1.18 60 2020

2024 1.3, rett 7.n9F+12 1.5n .e9 1.50 .69 1.50 .61 2025

203n v.2tr+tt a.seF+12 g.74 95 1.7m 71 1.78 61 2030 '

2039 4.5nr+11 m.76F*tt 2.%4 99 2.58 71 2.54 .61 2035

70an 2.A7F*ts m. PSF *11 3a.n* 1.De 3s.06 72 3a.06 .62 20a9

20em O. 4 n5E+12 n.nn 1 07 0.00 72 0.00 .62 2045

2050 D. 8.85E*tt n.en 1 07 0.00 72 0.00 62 2050

2054 n. m n5E+15 n no 1.07 0.00 72 0.00 62 2055

2060 0. 9.85F*lt n.00 1.07 0.00 72 0.00 .62 2060

2069 0. R.a5E+11 n.en 1.07 0.00 72 0.00 .62 2065
>

20?n 0, p.n5E*tt n.00 1.07 0.00 72 0.00 62 2076

,

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ _ _ _ ._ _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ . . _ _ _ . . _ _ _ _ _ _ _ _ _ . _
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Case 2B - U Only Recycle - Repository in Salt - Reference Treatment -
Unit Fuel cost for TRU Waste Management Including Spent Fuel Handling and Storage (a)'TABLE 10.E.53.

.TMRupuT UNntsCDUN7ED AVERAGE OtSCOUNTED AVERAGE DISCOUNTED AVERAGE
(7 PC7) (10 PC7)

KG n!Stda4 gen nDLLventw3 078CuanGED 00LLanStu5 DISCwa4GED 00LLaRStuG DISCMamGEO

7 tan aNNnaL CuauLs7tvE a=NusL Cu"uta71*E ANNUAL Cumulaftvf ANNUAL COMulaftvE TEae

.... ...... .......... ...... .......... ...... .......... ...... .......... ....

1974 6.99E+05 1.78E+0s 12, 5. 12 5 12 5 1975

19en 1.2?E*06 6.93E+06 3e. 19 30 18 30 17 1980

1989 2.enE+S6 1 63F+0? tam. 74 1s8 66 188 62 1985

1996 4.0?C+nt 1.37E*07 95n. 122. 150 104, 150 96 1990

1999 6.2tE+0h 6.02E*07 155 132. 150 116 150 107, 1995

2 06 4.faE+n6 9.46E+0? ten. 335. 148 122 148 113, 2000
0

200% 9.ngE+nh 1.aeE+0m 342 te3. 182 128 182 118 2005

2010 9.2aE*e4 t.90E*0n 195. 153. 195. 134, 195 123 2010

201% 9.6eE+96 7.35E+0a 187 160. 187 138 187 126 2015

202n 7.7sE*PA 2.75E+0m 711. 166. 211. 140 211. 127 2020

2024 7.tqE*n6 3 34F+0a pgs. 172. 215. 142 215 128 2025

2036 5.3tE*n6 1.e3E+0m pga. 177. 228 tea. 228 129 2030

2035 3.94E*n6 3 66E*0m Pon. 179 200 144 200 129 2035

204n 1.51E*n6 3.79E*0m a75. 382 475 ta5 a75 329, 20a0

2049 0. 3.79E*0m o. 187. O. 145. O. 130 20a5

2056 0. 3.79E+0p 0. 188. O. 185 O. 130, 2050

2054 0. 3.79E*0m n. 184 O. 145 O. 130, 2055

206n O. 3.79E*0m O. 188. C. 145 O. 130 2060

2065 0. 3.79E*0m O. 188. O. 145 O. 130 2065

2076 0 3.79E+0a 0, s8e. O. 145 O. 130, 2070

. __

a. Unit cost at time of reactor discharge.

. _ _ _ _ _ _ .

.__
. ._ . . . . __ _ . . ___ - . . . . . . _ . . _ . . ..

. _ _ _ _ _ _ . . . _ . . _ _ . . . . . . . . .. .

. . _ _ _
_ _ _ .

.. . _ . . __ ._ .
. ._ _ .. _
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,

TABLE 10.E.54 Case 2B - U Only Recycle - Repository in Granite - Reference Treatment - ;

Unit Fuel Cost for TRU Waste Management Including Spent Fuel handling and Storage (a) ;

!

!

i

7d#uput pun t ecrtjk ?E0 avgaaGE DIStou=7EO AVERAGE 0!sCouh7E0 avEtaGE
(7 PC71 Co pC 71

WG n!9fwa8GE0 00LLa#P/s2 O!8 uaeGED 00LLattigG DISCMacGED DOLLa#5rsG OISCassGEDC
vtan amwoat aN40al annual

C u"..JL a 71 v E
aw=JaL CuadLa?!vE ' Eta

C u".UL a 71 *E C u".UL a t t v E.... ...... .. ...... ...... .......... ....... ...... ...... ... ...... ......

1974 6.99Een5 1.78E+0m 17, 5, 12, 5 12, 5 1975

1980 1.27E+n6 6.93E+0m in. 19, 30 18 30 !?. 1940

1984 2.stE*P6 1.63E+n? 165. 83. 165 68 165.. 63 1985 ,

t

1 9n e.n?E+06 3.3?E*D7 ***. 337. 185 115 185 106 19909

'

1994 6.2tFonb 6.0PE*07 193. 155. 183 13a. 183 123 1995

200n 8.7aE+nt 9.86F*n? 987. 167. 182 143 192 132 2000

700% 9.09E+0h 1.e4E+ca P24 17P. 72a. 151, 22s. 139, 2005
7

703n 9.24E+n6 1.90E+9a pts. 185. 228 159 228 1e5 2010 1

+

! 2019 8.69E+nt 7.35E+en Pte. 197. 219 163 219 tea. 2015 ,

2070 7.7PE+06 2.75E*0m 786. 199. 246, 166 246 150 2020

702* 7.tmE+06 3.teF*0m 753. Poe. 253 169 253 151. 2025 {

2030 5. lie +06 1.e3E+na 769 Ptn. 269 170 269 152 203n
,

1

203m 3.96E+n6 1.66E*0m 754 711. 254 171. 258 It< 2035 j

P0an 1.53E*D6 3.79E*0s 996. Pt9. 596 172 196 152 20ec
,

t

2 em O. 3.79E*0m D. 72a. O. 172 C. 152, 20850

205n C. 3.79r+0m n. 725. D. 172 6 152, 2050
,

,

7054 0. 3.79E+0a n. 725. O. 172 O. 152 2055 |
1

206n C. 3.79E+0a n. 725. O. 172 O. 152 2066 |
|

2069 0. 3.79t*na n. 725. C. 172 O. 152, 2065

#07n n. 1.79E+na 0. 725. O. 172. O. 152 2070

a. Unit cost at time of reactor discharge.

_ - _ - - ._ _ - - _ _ - . -___ _
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6 Case 2B - U Only Recycle - Repository in Shale - Reference Treatment -TABLE 10.E.55.
Unit Fuel Cost for TRU Waste Management Including Spent Fuel Handling and Storage (a)

Twoorq? U%ntst0UNTED avEm GE 01SCOUkfE0 avEm GE DISC 0u"TE0 avEmaGEa a

(7 PCT) (10 *C T)
nDi La s/s G 975cuseGED 00LLae8/sG 01SchanGED DULLaeS/wG 01StwaeGEDWG n19CuaeGEn s

7 tan ANNuat EUweLaf!vE a=Nual CU"ULaT1VE Annual CU"ULAT1vE aNwual CuddLaT1vE TEse
.**. ...... .......... ...... .......... ...... .......... ...... .......... ....

1979 6.9eE+05 1.78E+0a 12 5. 12 5 12 5 1975

199n 1.27E+0h 6.93E*06 in. 18 30 18 30 17 198n

1989 2.eate06 1 63E*07 15m. On. 15p. 68 158 63 1965

199n e.07E*06 1.37E*07 17n. 133. 170 113 170. 103 1990

1999 6.2tE+06 6.02E+0? 196 155. 166 133 166 122 1995

200n 8.7eE+nk 9.86E*07 184 163. le6 13 186 132, 2000

2 09 9.0eE+n6 1.aeE*0* 729 17s. -229 152, 229.' 139, 20050

2016 9.2cE+m6 1.90E*0m 735. tem. 235. 160 235 15 2016
.

2019 9.6aF+n6 7.35E+0a 224 196 226 165 226 149, 2015

202n 7.7pr*06 2. 7 5E .+ 0 p 753. 707. 753. 168 253 151. 2020

302% 7.1=Een6 3. lee +0a 76n. 709 260 171 260 152 2025

7030 5.3tF+96 3.e3F+0m p?9 713. 279 172. 279 153 2030

203% 3.96E+04 3 66E*0m 764 714 24a. 173, 264 153 2035

20an 1.5tE+n6 3.79E*0s alp. 723. 612. 174 612 153 20e0

f 20am O. 3.79E+na 0. 729 O. 174 C. 154, 20e5

2050 0. 3.79E+0m n. 730. O. 17s. O. 154 2050

2055 0. 3.79E*0m n. 730. O. 174 O. 154, 205$

2 60 C. 3.79E+9a n. 730. O. 17s. O. 15s. 20600

2069 0. 3.79E+0m n. 730. O. 174 O. 154, 2065

207n O. 3.79E+0a n. Pse. O. 174 O. 15s. 2070

!

a. Unit cost at time of reactor discharge.

!

.

_ _ _ _ _ -- -
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TABLE 10.E.56. Case 2B - U Only Recycle - Repository in Basalt - Reference Treatment - -

Unit Fuel Cost for TRU Waste Management Including Spent Fuel Handling and Storage (3)

4

b

THRnP17 twntSC"uM7E0 aVEtaGE DIstouh7FD avEmaGE D!st0047E0 ave 8 AGE
(7 PC7) (K)PC71

MG STSCda4 gen DDLLaem/m3 fi?SewaaGED 00LLaeStus 0!ScuanGEn 00LLaE8/us etBCMa4GEO7tae ANNnaL CH44La?!vE a %*Ja L cJ.ula7tVE ANNUAL Cu"ULa7tvE ahNUal CU"ULa7tvE Veas t
,

.... ...... .......... ...... .......... ...... .......... ...... .......... ....

1974 6.99Eens 1.?eE+0m tr. 5 12 5 12 5 1975
1980 1.2?E+04 6.93F+06 In. 19 30. 18, 30 17 1980

91 99 2.enE+06 1.63F+0? 17n. 41. 170 69 170 64 1985

1 90 s.0?E+66 3.37F*07 tm9.' 58n. 185 118 185 108 1990
9

*

91 99 6.2tE*nk 6.02E+0? 763. 161. 203 138, 203 127 1995
2000 9.?aE+en 9.a6E+0? pot. 171 203 151 203 138 2000
200* 9.09E+"6 ?.saE*0s 75n. 387 250 161. 250 147, 2005
2010 9.2eE+ch 3.9eF+Ce 759 70t. 258 171 258, tie. 2010
2014 4.haF+n6 P.35r+0e pas, pip. 2a9 177 249 158 2015

02 2n 7.72E+06 P.75t*0m 777 72n. 277 180 277 161 2020
02 24 7 19F+n6 3. toe +9a p47 727. 287 183 287 162 2023

203e 5.3tE+n6 3.a3r+0a 309 734 309 185 309 163 203e I

2034 3.94E+n6 3.66F+0a 793. p38. 293. 186 293. 163 2035
70an 1.5tt+n6 1.79F+0a 493. pas. 593 187 593. 168 20an

2045 O. 3.79E*0m e. 749 O. 187 n. 164 2045 f
205n 0. 3.79E+0e n. P50. O. 187 O. 16a. 2050

205% 0. 3.79E+0a n. 750. C. 187 O. 164 2055
,

I.

2060 0. 3.79E*0m o. P51. O. 187 O. 164 2060

2069 0 3 79F+0p n. 751. O. 187 O. 168 2065

torn O. 3.79E+0a n. 75t. O. 187 D. 16e. 2070

a, Unit cost at time of reactor discharge.

.

L
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TABLE 10.E.57. Case 2B - U Only Recydle - Stored Pu - Reference Treatment -
Costs for TRU Waste Transportation -
5 Millions at 0% Discount Rate

h

SOLTO w!Gd LFvEL uutL8 aun ASSEMBLv T0tal 14?EenE0!afg Total Low LEVEL 707aL FOR 8L(

WASTE waeOw&BE daSTE LEVEL maSTE Wa87E CL48StPlcatte%3

TEse aghong Cumuta7tvE awwual cumuta?!vt ANhual Cuauta7tvE a==ual tumulativE AmauaL cowutattvE vEaa
..==.. .......... ....

.*.. ...... .......... ...... .......... e..... e......... ...... ..........

1985 0.'00 0.on 8.27 8.77 6.19 6.19 29 .29 1s.75 1a.75 1985

1996 7202 23.5e is.33 73.75 10.72 55.18 50 2.59 32.57 153 11 1990

1994 11233 76.09 19.23 157.30 1a.38 117.68 68 5.52 a3.62 356 59 1995

2000 37;83 145.71 26.PP 267.40 19.61 200.06 92 9.39 6a.56 672.56 2000

2009 Pa 79 247.7s 31.P1 att.a7 2a.8s 308.58 t.17 la.as 83.50 om3 2a 2005

2016 10276 387.0e 33.73 578.50 2a.8a a32.80 1.17 20.31 8*.98 ta13.71 2010

Polm 10!?6 539.9n 27.96 737 30 20.92 5a7.86 1.25 26.80 80.90 18a2.m7 2015

2020 25295 674.37 20.71 873.s7 22.23 653.77 1.31 32.86 79.16 2234.88 2020

2 25 27;32 909.57 27.46 30Pa.14 23.92 766.22 1.25 38.95 77.66 P63a.n7 2025
0

2 36 25[93 944.79 20.g7 3143.02 55.69 855.ga 1.01 sa.21 63.58 7991.12 2030
0

2034 19's3 in5m.8m g3.gn 1226 41 i0.a6 917.90 76 a8.2a an.63 3253 90 2035

20an 12;g5 9136.55 13.48 1296.82 10.a6 970.20 1.31 53.69 38.70 3a57.27 20a0

204% 12.95 3701.3P n.00 1326 03 0.00 992.05 36 56.16 13.31 3575 55 20a5
*

2050 n206 122m.37 n.00 1326.03 0.00 992.05 0.00 36.88 0.00 3603.33 2050

205% O!00 1224.37 n.no 1326 03 0.00 992.05 36 57.96 36 160s.at 2055

7066 n!00 1228.37 n.c0 1326.03 0.00 992.05 36 59.05 36 3605.50 2060

2 69 0203 1229.37 n.00 1326 03 0.00 992.05 36 60.13 36 3606.58 2065
0

2070 O!00 122a.37 0.00 1326.03 0.00 992.05 0.00 60.13 0.00 3606.55 2070

7075 0;05 1229.37 n.00 1326 05 0.00 992.05 1.08 62.30 1.08 3604.75 2075

. - _ _ _ _ _ _ _ -
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TABLE 10.E.59. Case 28 - U Only Recycle - Stored Pu - Raference Treatment -
Costs for Geologic Repository in Salt -
$ Millions at 0% Discount Rate

iSQLfD WIGd LFVEL WULLS AND A38Em8Lv 707AL INTER =E0!A7E 707&L Los LEVEL 7074L FOR ALL i

WASTE WADOWARE dASTE LEVEL WA8TE WA07E CLASSIFICATIONS '

VEAR ANNUAL COMU(A7}wg Awqy&L CymO(473V[ AN%UAL CUuGLA7!VE ANNUAL CumuL&7tVf Ah4UAL CumulA73VE 7 EAR.... ...... .......... ...... .......... ...... .......... ...... .......... ...... .......... ....

*

1989 0.00 0 96 6.3e 6.1e 40.48 40.e8 a.92 e.92 51.73 51 73 1985

1990 43248 133.77 10.94 56.53 70.11 360.81 8.52 e3.83 133.09 59e.ge 1990 7

1999 70223 e71 59 14.73 120 56 98.05 769.51 ti.et 93.e8 190.44 1e55 07 1995
u ,

i

2006 110236 902.97 20.09 2e4.95 128.25 1308.17 15.58 158.91 27s.28 757e.98 2000

2004 150!a9 153s.97 25.e5 316 13 162.45 2017.83 19.73 245.11 358.12 ette.03 2005 |

2010 27e249 7517.7e 25.'e 3 ses.34 162.e5 2830.09 19.73 343.7s e82.12 nt35.00 2010
2019 278!st 9890.18 21.83 561 26 136.80 3582.50 21.23 e53.63 453.95 meet.57 2015
202n 231.'15 9161.50 22.77 669.76 145.35 4275.06 22.27 556.21 e21.5e 16662.52 2020
2029 2e5259 6333 6m 21.a3 78e.96 136.80 5010.37 21.23 659.37 e25.06 IP78n.38 2025
703n 231215 757s.le 16.07 876.0a 102.60 5591.77 17.08 7et.45 366.90 1e790.37 2030

2039 120.39 8459.59 in.72 9eo.3e 68.40 6002.38 12.92 816.75 212.e3 te20g.81 2035
20an 80!26 8932.09 16.72 993.92 68.40 6344,18 22.15 909.04 181.52 IVi?9.2e 20e0

2049 80.'26 #339 3* 0.co 1016 30 0.09 6487.05 6.17 951.09 86.e3 17787.83 20e5
205n O!00 9501.0P c.60 1016.30 0.00 6e87.05 0.00 963.e4 0.00 17967.81 2050.

*

2059 0.00 9501 07 0 00 1016.30 0.00 6487.05 6.17 981.96 6.17 17986 33 2055
2060' 0200 9501.07 0.00 1016.30 0.00 6487.05 6.17 1000.48 6.17 1800s.85 2060
2069 n .'0 3 9501 07 A.00 9016 30 0.00 6487.05 6.17 1019.00 6.!? 1P023.38 2065

,

207o 0|00 9501.0P 0.00 1016.30 0.00 6487.05 0.00 1019.00 0.00 ta023.38 2070
2079 0 00 950t.0P 0.00 1016 30 0.00 6487.05 18.52 1056.04 18.52 18060.e2 2075

|

<

rc = ,. c v e*'~ -
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TABLE 10.E.60. Case 28 - U Only Recycle - Stored Pu - Reference Treatment -
Non-Spent Fuel System Waste Management Costs for Repository in Salt -
5 Millions at 01 Discount Rate

|
'

7eEATwtwT TWE47=ENT TRANS*D4. etPOSITURT !=itata puC2 ruo2 018mAmTL1=G TOTAL
| vtae AT rap af "On FFF TATICS STORAGE 310Wa6E sglpp1NG FHP"MOX SYSTEa YRAN

.... .......... .......... .......... .......... .......... .......... .......... .......... .......... ....

! 19a5 et2. O. 15. 52. 105. 13'. 5. O. 778 918s
|

1 9c 1sas. c. 193 593. 105. 309 19 D. 2965 19909

1995 3a19 S. 357. la55. 105. 994 36. O. 5965 1999

poco 5119 3. 423. 2575. 105. 1707 62 O. 10191. 2000

7095 Tae7. o. 983. atte. 105. 2656 97 9. 15e42 2005-

pole tilli. D. 1414 6135. 105. 3770 137, 2 22667, 2010

pott lat5s. O. les3. 8s8e. 105. e00u. 175. 31. 29596 2013

popn 16w62. o. 7239, 10663. 105. 57e*. 209 51. 35972 2020

pops 199m?. o. 2639 127sb. 105. 6746 2e6. 73. 42538 2025

Po lo 22299. P. 7991. ta790. 105. 7528 274 100, e8083 2050 !

|
,

703% 239et. c. 3252. 16210. 105. 8068 294 129 52000. 2035
i

| 70er 25275. n. 3457 17179 105. 8502 310 185 55013 Ruso

| 7D** 25a32. D. 3576. 17788. 105. 8673 316 243. 56532. 2045

PD5n 25932. s. 3603 17968 105, 8673 316 257 56754 Ruso

POSE 2Se37. c. 36ma. 179e6. 105. 8673s 316 289 56006. 2055
|

206n 25A32. c. 3605. 18005. 105. 8673 316 320 56856 2060

7065 2543P& n. 3607. 18023. 105. 8673. 316. 3e8. 56908, 2065

207o 25432. e. 3607 18023. 105 8673 316, 353 36909 2070

2075 25s32. D. 3609. 18060. 105. 8673 316. e03. 56998 2075

r

1
|

|
.
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TABLE 10.E.61. Case 2B - U Only Recycle - Stored Pu - Reference Treatment -
Costs for Geologic Repository in Granite -
$ Millions at 0% Discount Rate

SOLIO MISM LEVEL MULLS AND A88&m8L7 TOTAL 147ENmE01 ATE 1074L 6 0m LEVEL 70T AL PQe ALL
ua87E MANOWARE WASTE L6 VEL mASTE 'ASTE CLASSIP!CA71048

76&R Ah9uAL CumuLA71vE AkhuAL CuayLATIVE Ah4UAL CUMULATIVE Anqu l CUMULATIVE AmmuaL- Cumuka714L TEAKa

.... ...... .......... ...... .......... ...... .......... ...... .......... ...... .......... ....

1?85 0.00 0.00 11.03 11 03 68.58 68.58 8.98 8.98 es.59 88.59 1985

!?90 83.94 195.50 19.11 98.36 118.79 613.31 15.55 80.02 237.39 985.19 1990

1 95 135.57 847.53 25.64 2nt.77 159.35 1303.7e 20.86 170.66 341.*2 2531.70 19959

2000 213.04 1680.33 3a.96 356.61 217.29 2216.35 28.es 290.12 a93.Fe asas.ad 40o0

2005 290.51 2900.e9 es.29 550 07 275.23 3:18.69 36.03 es?.51 6et.D6 7316.76 d005

2010 367.98 e508.00 84.29 771.e9 275.23 4794.86 36.03 627.66 723,33 10702.00 dolo

2015 367.98 6347.92 37.29 976 60 238.78 6069.62 38.76 828.21 675.81 1s222 36 2015
1

2020 309.88 8052.26 39.62 1165.a0 #46.26 7242.99 40.66 1015.49 636.e2 17476.ga 20d0 j

2025 329.25 9621 04 37.29 1365 85 231.78 8488.78 38.76 1203.83 637.08 20679.50 dod5

2030 309.88 11286.65 27.97 1524.3s 173.83 ge73.83 31.18 1366.es 542.86 23651.2e d030

2035 232.41 12603.6e 18.65 1636 22 115.89 10169.16 23.59 te91.17 390.se 25900 19 2035

2040 154.ga 13533.29 18.65 1729.45 115.89 19748.60 40.e3 1659.65 329.91 27670.99 d040

2945 154.9a ta307.99 0.00 1768.a0 0.00 10990.68 11.27 1736.42 166.21 28803.e3 20a5 |

2W50 0.00 ta570.88 0.00 1768.40 0.00 IC990.6a 0.00 1758.97 0.00 29088.89 doSO

2055 0.00 14570.88 0 00 1768.a0 0.00 109?0.64 11.27 1792.78 11.d7 29122.fu d055

2060 0.00 14570.88 0.00 1768.40 0.00 19990.6e 11.27 1826.59 11.27 29156.54 4060

2965 0.00 18570.88 0.00 1768.a0 0.00 10990.6e 11.27 1860.41 11.27 29190.33 d065

2070 0.00 14570.88 0.00 1768 40 0.C0 19990.64 0.00 1860.41 0.00 29190.33 d070

2075 0.00 18570.88 0.00 1768.40 0.00 10990.6e 33.81 19c8.De 33.et 29257.96 d075

.

_ _ _ _ _ _ - _ _
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TABLE 10.E.62. Case 2B - U Only Recycle - Stored Pu - Reference Treatment -
Non-Spent Fuel System Waste Management Costs for Repository in Granite -
5 Millions at 0% Discount Rate

TeEa7 DENT TWEATHEAT T4a%SPGd. oE8051Tuut lettulp Puc2 Puo2 O!BatmTL1h6 TOTAL
7 tan at rap ai .0: rre Tay1c= s754ast stomast ed1PP145 FWP=M01 SYSTEM YtAN

*

.... .......... .......... .......... .......... .......... .......... .......... .......... .......... ....

1?85 e62. s. 15. 89 105. 139 . 5. O. 814 l'85

1?90 16*3. O. 153. '83. Ins. 309 19 o. 3ets. 199u
,

!?95 3222. c. 357 2532. 105. '98 36. O. 7245 1793

2000 5535. D. 623. e543. 105. 1707 62. D. 12575 2uou !

2005 8582. o. 983. 7317. 105. 2656 97 c. 197a0 2003

2v10 12070. n. 1814 10702. 105. 3770 137, 2. 28200 2010
t

2015 15301. c. 1843. te222. 105. esco. 175. 31. 36478 2015

aut0 18275. c. 2239 17476 105. 57ee. 209 51. 4e099, 2020

2025 21432. D. 2639 20679 105. 67en. 246 73. 51921, 202S

2030 23929 c. 2991. 23651. 105. 7529 274, 100 5857e. 2u30

2035 25691. D. 3252. 25900. 105. 806o. 294 129 63440. 2u35

2040 27160. O. 3457, 27671. 105. 8502 310, 185 67390 2040

2045 27773. D. 3576. 28803. 105. 8673. 316 243. 69489 2045

2u50 27773. D. 3603. 29089 105 8673 316. 257, 69816 au50

2055 27773. D. 360s. 29123. 105, 8673 316 289 69883. AUSS ,

2060 27773. D. 3605. 29157 105. 8673 316, 320 69949, 2060

2U65 27773. D. 3607. 29190. 105. 8673 316 Je8 70012 2065 |

2070 27773. D. 3607 29190. 105 8673 316, 353 . 70017 2070

2075 27773. D. 3609 29258. 105. 8673 316. 403. 70137 2073

i

_ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _____ _ __ _ _ _ -_-__ _
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TABLE 19.E.64. Case 2B - U Only Recycle - Stored Pu - Reference Treatment -
Non-Spent Fuel System Waste Management Costs for Repository in Shale -
5 Millions at 0% Discount Rate

,

TwEaT4 TNT TWEAf=ENT TRANSPC4. rep 0517Uaf TNfER!a Puod ry03 013aawfL!a6 TOTAL
? AT F#p AT n0M FFF TATION SI544Gt se0mA=E sa!PPI%3 FaP.m0A S? stem vtaw.?.aR.. ..........- ........... .......... .......... .......... .....-.... .......... .......... .......... ....,

.1?85 462. 3. 15. 74 105. 139 5. O. 800 1983

!?90 1698. c. 153. 828. 105. 309 19 c. 3312 1999

!?95 3433. o. 357 2333* 105. 998 36. O. 7260. 1995
,

2000 5975. O. 623 s290. 105, 1707 62 O. 12761. 2000

2u05 9323. O. 983. 7009 105. 2656 97 c. 20173 2003

2910 13156. 9 tels. 10366 105. 3770 137 2. 28950 auto

au15 16706. O. 18a3. 13917. 105. 4600 175. 31. 37577 2u13

2020 19974 O. 2239 17dou. 105. 5 Fee. 209, 51. 45522 2020 *

2925 23aan. c. 2639 20395. 105. 67at. 246 73. 536se. 2U23

2030 24187 D. 2991. 23*30. 105. 7528 274 100 60611. au30

2035 28128 c. 3252. 25746. 105. 806e. 294 129 65718 Au35

Aue0 29738. O. 3e57 27540. 105. 8302, 310 ISS, 698J6 2040

2Ue5 30395. O. 3576. 28508. 105. 8673 316 d43. 71815 2049
- i

2U50 30395. c. 3603. 28 ea. 105. 8673 316 257 72090 20507

2W55 30395. c. 3604 28773. 105. 8673 316, 289 72155, 205S

2u60 30345. c. 3605 28808 105. 4673 316, 320. 72218 Au6e

2065 30395. c. 3607. 28836. 105. 4673 316 348 72279 2068

2070 30395. O. 3607, 28836. 105. 8673 316 353 72284 2070

2u?5 30395. c. 3609 28898. 105. 4673 316. 403e 72399 2075

_ - _ _ _ _ _ _ - - . - _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ -_ __ - _ _ _ _ _ _ - _ _ _ _ - _ _ _ - _ _ - - . _
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TABLE 10.E.65. Case 2B - U Only Recycle - Stored Pu - Reference Treatment -
Costs for Geologic Repository in Basalt -

.

'

$ Millions at 0% Discount Rate

.

SOLIO MIEW LEVEL wutL8 an0 A88Em8L7 TOTAL 1mTEwntotATE 107aL LO. LEVEL 707aL toe aLL .!
wa5TE war 0WamE was7E LtvEL sa87L aa87t Chasetetta710h3

vtaR ANNUAL CUMULa?!vE AmuuaL Curuta7gvE aNNu L Cu=uLattvE a**uaL Cu=ULa71vE ahtuaL- CoHuta7Ist Teaka

:.... ...... .......... ...... .......... ...... .......... ...... .......... ...... .......... ....

1985 0.00 0.00 12.13 12 13 7e.e8 Fa.s8 10.89 10.89 97.e9 97.e* 1985

1990 68.73 194.34 21.02 108.15 129.00 6S3.89 18.86 97.05 237.61 1063.43 1990

91 95 197.36 900.95 28.19 230 66 173.05 1e15.88 25.30 206.97 a23.wo 275a.ee 1995

2000 310.1e 2113.33 3n.aa 3g2 12 435.98 2e07.00 34.e9 351.85 619.us 926s.d7 2000

2U05 e22.91 3989.55 48.69 604 8e 298.91 3712.76 e3.69 Se2.72 814.d1 n7e9.46 t005

2010 535.69 6229.6s an.69 8e8.31 d98.91 5207.30 43.69 761.19 926.99 130e6.as 2010

2015 535.69 4908.1e et.01 1073 84 d51.71 6591.72 e7.01 1006.et 875.e2 175?n.11 d015

2u20 e51.11 11389.2a e3.57 1281.as d67.44 7866.01 49.31 1231.5m 815.e3 2t?68.2d 2020 ;

2u25 679.30 13672.98 41.01 1501 84 251.71 9218.96 47.01 ta59.95 819.u3 25853.ya d025

2U30 451.11 16097.69 30.75 1676.12 188.78 10288.78 37.81 1657.18 708.e6 29719.73 dO30

2035 338.33 180ta.90 20.50 3799 1e 125.86 110a3.88 28.61 IS08.e2 513.30 32666:3e 2035

2040 126.87 19170.87 20.50 1901.65 125.86 11673.16 e9.ca 2012.75 3d2.27 3e758.se doeo

20e5 126.87 19805 2a n.00 19es.48 0.00 11936.03 13.67 2105.86 140.$4 35791 61 20a5
,

2050 0.00 20070.2a 0.00 1944.48 0.00 11936.03 0.00 2133.20 0.00 36083.9e 2050

2055 0.00 20070.2a 0.00 19ee.e8 0.00 11936.03 13.67 2174.21 13.67 3612a.96' 2055

2060 0.00 20070.24 n.00 19es.e8 0.00 11936.03 13.67 2215.23 13.07 36165.97 2060

2065 0.00 20070.2a 0.00 194e.48 0.00 11936.03 13.67 2256.24 13.07 36206.98 dO65
.

2070 0.00 20070.2a 0.00 1944.48 0.00 11936.03 0.00 2256.28 0.U0 36206.98 4070 ,

2075 0.00 20070.2s 0.00 1944.48 0.00 11936.03 a1.01 2338.26 e1.01 36289.0u 2075

s

E
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TABLE 10.E.66. Case 2B - U Only Recycle - Stored Pu - Reference Treatment -
Non-Spent Fuel System Waste Management Costs for Repository in Basalt -
5 Millions at 0 Discount Rate

TWha7*E47 TkEA7*EN7 T9ahsPO4. mEPUS1Tukt Imite1m Pu0d FJ02 013a4hTL1h6 T0 fat
TEsp af rRP af "Of FFP TATION Studast STOMAbE amipetNG FWP=MUR SYSTEM Ykau
.... .......... .......... .......... .......... .......... .......... .......... .......... .......... ....

1985 .62. O. 1s. 97. 105. 139 5 O. 423. 198s

1990 1672. c. 153. 1065. 105 309 19 u. 3521. 1990
.,

19*5 3526. n. 357 275*. 105. 99*. 36. D. 7572 1995

2000 5468. 9 623. 5268 105. 1707 62. O. 13629 2u00
,

!

2005 97th. c. 984 8753. 105. 2656 97 4. 21807 2003

2010 13049. D. 141a. 13046 105 3770 137 2. 31523 2010

2015 14%99. n. 1643. 17578. 105. 4800 175. 31. 41132. 2013

7020 19867 o. 2239 21765. 105. 5748 209 51. 49984 2020

2025 23337 O. 2639 25858 105. 0784 286. 73. 59000. 2023

2030 26053. o. 2991, 29729. Ic5. 7324 274 100. 66798 2030

2015 2An17 c. 3252. 32666. 105. 8068 29s. 129 72532.- 2u33

2040 geg72. g. 3e57 3e750. 105. 830d. 110. 185 76e90 2ueu

20*5 30196. c. 3576. 35792. 105, 8673 316 243. 78890 204S

20$0 33186. O. 3603. 36084 105. 8673 316, 257 79224 2u50

2055 33396. n. 3604 36125. 105. 867J. 316. 249 79298 205S

2060 50186. O. 3605. 36166 105. 8673 316 320 79371. auto

2065 30t86. O. 3607. 36207. 105. 8673 316 348. 79442 2065

2070 30186. O. 3607 36207 105 St?3 316 353 79est. 2079

9075 30186. O. 3609, 36289 105. 4673 316. s03. 79581. 2073

|
i

[
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TABLE 10.E.68. Case 23 - U Only Recycle - Stored Fu - Reference Treatment -
Non-Spent Fuel system Waste Management Costs for Repository in Salt -

, ,

5 Millions at 74 Discount Rate ,

;
,

I

twE a ? .L47 7dra?.E=7 7 a=spre. wroustiaev In:Eela pug 2 ruC2 01s"A=7L1=E 707at
vtae af rae af .au are fattes 37ueast siovant saler1=g rep.=0n s7s7Em vtan
.... .......... .......... .......... .......... .......... .......... .......... .......... .......... ....

1?s5 297. S. 9 30. 71. av. 3. O. 499 19a3

1990 m30. D. Ta. 263 71. 263 10, O. 1534 1990

1995. 1310. D. ta2. 575. 71 a27 16. O. 2541. 1?93

2000 1414 D. 206 843- 71. S95 22. C. 3554 200u |

2U05 2259. O. 268. 1107. 71 761. 28 c. 4522 2005

2010 26e5. O. 321. 1353. 71. 698 33. D. 5363 2010

2W15 2453. o. 358, 1562. 71. 958 36. 3. 5971. 2813

1 24 7 183. 1695. 71. 104f. 39, e. 6370 20202020 1 ,

i

2925 3263. o. 401. 1793. 71. 1992 *0. 5. 6665 2025

2030 3339. S. a13. 1e57. 71. Alto, et. 6. 68s3 2030

2u35 3t77. D. e19 ge90. 71. 1130 al. 6. 693s. 203S

284C 3395. S. 422. 1900. 71. 113r. og. 7. 6953 2040

20e5 3a05. 9. 423. 1913. 71 113'. 42, 5. 7001. ages

2u50 Sa05. O. 424, 1913 71. 1139 42. 8 7003 2050 ;

| :

| 2w55 3s05. o. are. 191S* 71 1139, e2. e. 700s. 2059 !
t

| 2960 3aOS. 3. 424 1915. 71. 113?. 42. 8 7004 2060 ,

| 2W65 Ja05. 9 s2a. 1915. 71. 1139 e2. 9 voce. 2p69
|

2W70 3e05. D. 42a. 1915. 71. 1}39 42, 9 7904 2070

2075 3405. 3 42s. 1915. 71. 1}3?. e2. 9 7004 20F5 ,

>

k

!
6

i
>

l

i
I
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TABLE 10.E.69. Case 2B - U Only Recycle - Stored Pu - Reference Trea tment -
Non-Spent Fuel Systen Waste Management Costs for Repository in Granite -
$ Millions at 7% Discount Rate

TREAT =Eh1 TdEATyENT Teah5PDR. wipuS11uev !=IE41m Puu2 fuu2 DI3aA%7L1h6 TOTat
vtan af FRP AT MON FFP TaTID= SiuRast 310wabE ag! ppt =g pape=0E SYSTEM ftA8 .:
.... .......... .......... .......... .......... .......... .......... .......... .......... .......... ....

1955 297. o. 9 54. 71. ev. 3. o. 520 Ives

199n 857. o. 7e. 472. 71. 263 10 O. 17s8 1990

39eg 1385. o. ta2. 993. 71. 827 16. O. 3034 1993

2000 19eo. D. 206 1475. 71. 398, 22 O. e311 2000

200s 2463. n. 266. 1950. 71. F61. 28. O. 5539 2005

201n 2e93. c. 321. 2366 71. e90 33. O. 65et. auto

7015 3176. O. 358 2675. 71. wee. 36. 3. 7307, au13

2 2p 3363. O. 3a3. 2s78. ft. luer. 35 4 7764 2U200

202m 3505. o. ant. 3u22. 71 lu9t. 40. 5. e136 2023

203n 3585. o. 413. 3117 71. 1118 St. 6 .8350 7030

204s 3626. O. 414 3109 F1. 1130 e1. 6 D462, 2035

poan 3653. 3. 422. 319e 71. 113f. 41. 7 8526 204u

pues 3657. n. 425. 3211. 71 1135 a2. s. 6552 2ue5

2056 3657 c. eaa. 3214 71, 1135 *2 a. 8555 205u

7054 3657. o. a2a. 3214 71. 113?. e2. a. e555 2055

20en 3657 D. 424 3214, 71. 1139 42. 5 8555 auto

2065 3657. o. 42a. 321** 71. 113?. 82. 9 8555 Ruts

20?n 3657. 3 are. 3214 71. 113'. 42. 9 8555 2070

2a7s 3657. n. etc. 3215. 71 113?. =2. 9 e556. 2075

._. - - -_. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . -
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TABLE 10.E.70. Case 2B - U Only Recycle - Stored Pu - Reference Treatment -
Non-Spent Fuel Waste Management Costs for Repository in Shale -
5 Millions at 7% Discount Rate

TkEAT.E%T treat =EN7 TRANSP0d= REPOSIIUd? IntE41m PUOd r u2 DI5mAhTL1h6 TOTALuvtaw AT FEP AT aQx FFF TaTIDh 370NaGL STCMAwE OnIPring FaPan02 SYSTEM ftAR.*.. .......... .......... .......... .......... .......... .......... .......... .......... .......... . ....
1965 297. O. 9 43. 71. 89 3. O. 512 1989
!?90 868 O. 74 398. 71. 469 10. O. 1700 1990
IV95 1465. O. ta2. 906. 71. 42F. 16 O. 3026 1999
2000 2nfo. O. 206 1374 71. 59e. 22. D. 4344, 2000
2y05 2h45 e. 268. 1839 71. '61. 28 O. 5614 4905
2b10 3121. O. 321. 2251. 71. 898 33 O. 6695 2010
2U15 3a33. O. 358. 2563. 71. 98e. 36, 3. 7452. 2015
pudo 3637. O. 393. 2769 71. IU4F. 38 4, 7949 3920
2y25 3793. O. 401. 2912. 73. 109d. 40. 5. 8334 3945
2u30 3682. c. 413. 3009 71. tile, et. 6 8538, 4030
2435 3927. O. 419 3063. 71. 1130 et. 6. 8656 3935
2WSO 3953. O. 422. 3092. 71. 113F, eg. 7 8723 3040
2045 3961. O. e23. 3103. 71. 1139 42. 8 8747. 3945
2w50 3961. n. saa. 3106. 71. 1139 *2. 8 8750, auto

;

2uS5 3961. O. 42a. 3106. 71. 1139 a2. 8 8750 3055
2 Woo 3961. O. 42e. 3106. 71. 1139 *2. 8 8750 toto
2W65 3961. O. 424 3106 71. 1139 42. 9 8750 3965
guP0 3961. n. 424 3106. 71. 1839 42, 9 8750, 3070
2WF5 3961. D. 424 3106. 71. 1139 42, 9 8751. 2875

|
|

I
!

!
I

_ _ _ _ _ __ . .
- _. _ , _ _ _ _ _ _ _ _ _ _ _ _ _ . .
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TABLE 10.E.71. Case 2B - U Only Recycle - Stored Pu - Reference Treatment -
! Non-Spent Fuel System Waste Management Costs for Repository in Basalt -

5 Millions at 7% Discount Rate

ikEAT=ENT TREATutNT TRahSPDR. a:POS110e? ImTER!a Puca ruD2 018aANTL146 TOTAL
ThaR AT FAP AT =0x FFP T6T10N STEmast Sf04A6E SutPPl=G FNP.nox SYSTEM vtan
.... .......... .......... .......... .......... .......... .......... .......... .......... .......... ....

91 85 297. O. 9 57. 71. 89 3. O. 326 1985

1990 A75 c. fe. 510. 71. 265 10. O. 1799 1990

1995 1e22. n. 1e2. 1075. 71. 427 16 O. 3152 1995

2uco 2031. O. 206 1675. 71. 59e. 22 O. 4603, 2000

2005 2606. O. 268. 2272. 71. 761 26 O. 6004 2005;

2010 3075. O. 321. 2000. 71. e9e. 33. D. 7200 2010

2015 3393. o. 358. 3196. 71. 90s. 36. 3. 3043 2015

2020 359a. O. 3p3. 3e60. ft. 1047 38 4, 8597 2020

au25 3753. o. sol. 3643. 71 1992 40, 5. 9002 acts

2u30 3839 O. el3. 3767. 71, lite. 41. 6 9253 2030

2035 38Pe. e. eng. 3935. 71. 113U. 41. 6 9385 2U35

2pec 3ect. D. 422. 3869 71, 1137 81. 7, 9457, 2040

fue5 3917. O. 423. 3882. 71 1139 82. Be 9481. 20e5

2050 3917 O. 42a. 3604 71. 1135 42. e 9884, 2P50a

2u55 3e17. e. 424 3684. 71. 1139 et. 8 9484, 2055

I2060 3917 D. 424 3685. 71. 1839 42 8 9485 2960

2u65 3et?. S. 424 3685. 71. 1139 sa, g. gee 5 3u65

2070 3 gly. O. 424 3865. 71. 1139 ca. 9 9485 2070 !

2U75 3917. D. 424, 3885. 71. 1839 ca. 9 9485 2075

,

t
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TABLE 10.E.73. Case 2B - U Only Recycle - Stored Pu - Reference Treatment -
Non-Spent Fuel System Waste Management Costs for Repository in Salt -
5 Millions at 10% Discount Rate

fdEA74E97 TdEatmENT 7eAmePO4 REPostfutt tutEnte pug 2 pug 2 u15aa=1Llat Tui.c

YATIDn 37seest 3704Ast eNIPPI=G Fwe-mum s.str3 vta.
YEAN AT FRP A7 ".Or FFP.... .......... ... ...... .......... .......... .......... .......... .......... .......... .......... ....

t?os 2e9. O. 7 2e. 60. 79 3. v. 6tr. aves

1990 6es. O. 55, 212. to. 20t. 7 O. stat. tvvo

t?95 955. O. 99 see. 60. 30s. 11. o. 'eer. ***3

2000 1252. O. 135 See. 60. son. 25. o. -w.. cuu

ay05 te64 O. 165. 6r7. 60. *es. to. u. -**. zwus

2010 1633. O. 187 702. 60. Sea. 20 o. Sev=. 2utu

2015 1732. D. 201. 859 to. S75 21. 1. SuSc. duid

2020 1789 O. 209 903. 60. Ste. 22. 1. 5379 Eudo

2y25 in27. c. 2 e. 930. 60. 607 22. 2. 3662. 2U2S

2?30 1445. D. 217 ee6. 60 613 22. 2 370s. 2030

2035 185e. O. 218. 953, 60. 616 22. 2. 3725 2033

2040 1p58. D. 219. 956. to. 617 23 2, 3735 20eo

aves 1859 O. 239 957. 60. 618 23. 2. 3730 20e6

2050 1859. O. 219 957 60. 6to. 23, 2 3736 2050

2955 1859. D. 219, 957. to. 618 23. 2 3738 auS5

2y60 smS9. O. 2t9 957. 60. tie. 23, 2. 373s. 296o

2o65 1859. D. 219 9576 60 619 23 2. 3738, 2065

2070 1359 O. 219 937. 60. tie. 23 to 3733, 207o

2075 1959. O. 219 957. 60. tie. 23, 2 3733, 2075

|
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TABLE 10.E.74 Case 2B - U Only Recycle - Stored Pu - Reference Treatment -.

tion-Spent Fuel Systen Maste ttanagement Costs for Repository in Granite -
5 Millions at 10% Ciscount Rate

,

TNtaT*fmf TWEafpENT 78amSPO4. REPOSITORY IN4ERtm PUO2 FUO2 018mamTLinG 70 fatTgaR AT spo AT P0u FFP T&Ttom STORAst STORAEL intPPING FwP*MOR SYSTEM T66A.... .......... .......... .......... .......... .......... .......... .......... .......... .......... ....
!?t9 2a9 c. 7 43. 60. 74 3 C. 834, 1995
!?90 662. D. 55, 350. to. 204 7 O. 1340 1990
!?95 1001. D. 99 666. 60. 308 it. O. 2165 1995
2000 1311. O. 135 955 60. 80s. 13 O. 2480 2000-
2005 1566. n. 165. 1186. 60. 483 18. O. 3478 2005
2010 1753. c. lat. 1363. 60. 342 20 O. 3922 2010 j

IU15 1855. D. 201. 1878. 60. S73 21. 1, e192 2013
2020 1915. o. 204 1544 60. 394 22 1. 4346 2020

,

I 2925 1955. 9 214 15se. 60. 60F. 22. 2. e445, 2025
y 2030 1975. 6 217 160s. 60. 613 22. 2. e497 2030

2035 196e. D. 215. 1619 60. 616 22. 2 e522 Ru)5
20eo ggPB. O. 219 1628 60. 617, 23. 2 e534 2040
fue5 1969 p. 219 1626 60. 6te. 23. 2. 8538 2005

; 2950 Ig59. D. 219 1627 60. 618 23 2 4530, 20$0
2955 1969 O. 219 1627. 60. Ste. 23 2. 4538 2059 - |
2000 1969. D. 219 1627 609 tie. 23 4 4538, 2060
2065 1989. c. 219 1627. 60; tie. 23 2e 4538 2045
2870 1969. O. 219 1627 609 *18 23 2 4530 2970 i

P

2075 19S9 O. 219 1627e 60. 618 23. Re 4538 2075

- -
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TA_BLE 10.E.75 Case 2B - U Only Recycle - Stored Pu - Reference Treatment -
Non-Spent Fuel System Waste Management Costs for Repository in Shale -
$ Millions at 10% Discount Rate

TRtatatNT TkEa1=ENT TEA %5P08. 4EP0311u49 tmiteta Puos ruo2 OtSMA4TL1hb TQtAL
.Eas af F98 A T P:Jr FFF TATIPN tistast

..! .O w a b E
antPPl=G Fwp.nux SYSTEM ftauS

....... .......... .......... .......... ........ .......... .......... .......... .......... ..........

1965 249. O. 7 38 60. 78 3. C. 427, 1943

1990 643. O. 55. 296. 60. 208 7 D. 1J05, 199u

1945 1955. c. 49 625. 60. 308 it. O. 2156 1995

2 SOS 1316. 3. 135 688 60. 408 15 D. 2893 2000

2005 Ig75. o. 165. 1111 60. 883 18 O. 3512 2005

2010 tm?F. O. 187 1266. 60. Se2 20 O. 3973 auto

2015 1993. n. 201. 1402. 60. 573 21. 1. 4253, 2U15

2020 2o59 3. 209 1868. 60. 599 22 1. este. 2U29

2025 2103. O. Pla. 1509 60. 608 22. 2. 4517 2U23

2030 2125. o. 217 1533. 60. 613 22 2 4572 2039

2035 213a. n. Elm. thee. 60. *16 22. 2. a597 203S

aceG 233g, O. gig. g5ev. 60. 61F, 23 2 4610, 2U40

2045 2 tat. O. 219 1551, 60e tie. 23. 2. 4614, 20e5

2050 21st. O. 239 1552. 60. tie. 23, 2. 4634, 2950

2055 2 tat. o. 239 1552. 60. tie. 23, 2. ette. 2959

2060 2141. C. 219 1552. 60. 6te. 23 2. 4614 2960

2065 2143. O. 219 1552. 60, tie. 23. 2. ette. tott

20I0 2141. O. 219 1552. 60. tie. 23 2. 4614 2970

2075 241 O. 219 1552. 60. tie. 23. 2. ette. 2075

. _. -
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TABLE 10.E.77 Case 3A - U and Pu Recycle - Repository in Salt - 1985 - Reference Treatment -
Unit Power Cost for TRU-Waste flanagement Including Spent Fuel Handling and Storage

Pnmre sthtsaffow tempt 9CDuwito avt#ast DISC 0uMTED avEmast 018cou=7t0 avtnast
(7 PCT) Do PCT)E=w9 utLLefemwe PILLesswwe P!LL8smuwevtan ahwnst CU.Plaftet annual cumuta71vE awwual Cumula?!wE aN4uaL CU"uta7tyt 7tae.*== ...... .......... ...... .......... ...... .......... ...... .......... ....

1975 1.7EE*ll J.92E*tt .e5 02 05 02 05 02 1975
1986 3.84E*11 1.P6E*17 .31 .07 .31 .07 .11 06 1980
1985 6.mpE*31 a e9E*17 .e7 .26 47 .22 e? ett 1985s

19'n t.ttE*12 9 17E*17 .an ,3g .ee .3a .es .31 1940
199* 1. hie +12 1.63F*tt .51 43 51 38 51 .35 1995
2000 2.37F*12 2.66t*tt .51 85 .St .c0 51 .37 2000
2005 2.ecE*12 3.myt*tt .se .an 6e 43 .6e .39 2005
2019 2.31F*12 5. nee *tt .km 32 64 45 64 .et 2010
2015 2 19f*12 6.15E*tt .64 55 68 .e7 6e .e2 2015
202n 1.87E*t2 7 ItE*tt .79 54 79 .es 79 43 2020
2025 1.1?E*tt 7.mer*tt .e4 .63 99 .e8 99 .e3 2025
2030 9.21E*tt 8.4eE*tt 1 15 65 1.15 .e9 1.15 .se 2030
2035 e.5nE*tt n.76E*tt t.p9 6s 1.89 50 1.89 .es 2035
20en 2.6?f+10 9.85E*tt fa.70 71 te.70 .50 24.70 .se 2040
20st 6. n.85t*11 o.On 75 0.00 .50 0.00 se 2045e

205n 0. 8.85F*tt n.no 73 0.00 .50 0.00 .se 2050
2059 0. 8.eSt*tt n.00 73 0.00 .50 0.00 .es 2055
2066 0. n,35t*t3 0.00 7e 0.00 .50 0.00 .se 2060
P065 0. 8.45t*tt 0.00 .fe 0.00 .50 0.00 .se 2065
2070 0. 9.85t*ts e.On 7e 0.00 .50 0.00 .es 2070

-
- - - -

_ _ . . _ _ . _ _ _
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TABLE 10.E.78 Case 3A - U and Pu Recycle - Repository in Granite - 1935 - Reference Treatment -
Unit Power Cost for TRU-Waste ftanagement Including Spent Fuel Handling and Storage

pours staten?!nm n=nteceu=?to avenast 01s:0u=tr0 avtease erscou=7t0 avenast
(7 ott) Do PC?)

suwe atLLP/wwwe MILLessent *!LL5/a.we
vtan aww al cuauta?!vt a==uat coautativE shbual Curutattvg anwual Cu*uLa?!vE 7tasn
.... ...... .......... ...... .......... ...... .......... ...... .......... ....

1975 1.7aE+11 a o2t+t, 05 0> 05 .or 05 02 1979

19so 3.seE+13 1.96F+17 .it .07 .31 07 .it .06 1990

1999 6.spr+tt a.aSe+tp .52 27 52 .fs 52 .21 1985

1999 t.ite+12 e.ttt+t> 60 .aa 66 37 60 .se teen

t**4 1.67t+12 1.63F+11 .60 .51 60 .se 60 40 1995

200n 2.37E.12 2.66t+11 61 5! 63 .s? 61 .e3 2000

200m 2.anE+32 3.s7t+s= 75 .57 75 .50 75 .a6 2005

20!n 2.3tr+12 5.nar*lt .=7 .6s 97 53 .*? .e4 2010

2019 2.taF+st 6.15t+t* .on 6e .Se .56 .** .50 20t3

702n 1.8st+12 7 ttr+11 1.tn .ta 1.10 .5% 1.10 51 2020

2024 1.3?E*12 7.89t+31 1.at 74 1.at .59 1.41 .52 2025

m seE*st 1.70 9a 1.70 60 1.70 .52 2036203e 9.2tE*t1 e

203g a.5et+11 p.76F*11 2.sf 4e 2.a7 61 2.sf 52 2055

20an 2.6?F+t0 p.a5F*tt 15.22 93 35.22 61 35.22 52 20ee

20a5 0, m 45E*ti e.en 96 0.00 .61 0.00 .52 20e5

205n 0. e.55tott 0.00 97 0.00 .61 0.00 .52 2056

2054 0. p.85f+11 0.60 97 0.00 61 0.00 .52 2055

2066 0. 8.P5E*tt n.no 97 0.00 61 0.00 .52 2060

2064 C. m,45g+gq n,no 47 0.00 .65 0.00 .52 206s

2076 0. 8.85E*tt 0.00 97 0.00 .61 0.00 52 2070

i
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TABLE 10.E.79 Case 3A - U and Pu Recycle - Repository in Shale - 1985 - Reference Treatment -
Unit Power Cost for TRU-Haste Management Including Spent Fuel Handling and Storage

1

!

P0ere SEhERa7!ne t e=n t st ooL 7 F 1 avEsaGE 015Couh7ED avERaGF OISC00*7ED AVERAGE
(7 BC7) O'e P C 7 )

N=He #!tLS/**wd "!LLS/4*k# " ILLS /"#WE
vtan awguaL Cud"La71wE a=wust Cuauta7tvE aNNdat CuacLa7tvE ah% del Cu"uta7tvE 7Eno
.o=. ...... .......... ...... .......... ...... .......... .... . e......... ....

1979 1.7mE+13 a.92E+1t .n3 02 .n3 02 05 02 1975
|

19an 3.asF+11 1.aer+17 .91 .07 .11 07 .11 .06 1980 ;

1

1964 6.apF g1 a.a5F+12 .50 26 50 .22 50 .21 1985 l

199n 1.11F+12 e.17E*17 45 .e5 55 .37 .55 34 1990

1999 1.67E*12 1.53F*11 62 .5m 62 43 62 40 1995

200n 2.37E+12 ?.66E+11 .k2 5a 62 47 62 .e3 2000

2 05 2.anF+12 3 F7t+11 77 54 77 50 77 46 20050

201n 2. 3 t' E + 12 5.neF+11 .ps 63 .Se ,53 8a .as 2010

2014 2.tnF+12 6.15E+t= .ma 67 .Ra 35 84 49 2015

202n 1.4)E+12 7.ttF+11 .e7 7e 97 57 97 .50 202e

2024 1.37E+12 7. age +1t 1.22 7a 1.22 .Sa 1.22 .51 2023

203n 9.2tE+11 4.asF+1t 3.aa 7s 1.aa .59 1.as 51 2030

2039 a.5nE+11 a.76E*11 2.nP .a2 2.08 .59 2.04 .51 2035

20an 2.67E+10 8.85F*tt 39.56 66 30.56 .60 30.56 .52 2040

204% 0. n.45E+11 0.no .Se 0.00 .63 0.00 52 20a5

205n n. 9.455*11 n.no 99 0.00 .60 0.00 .52 2050

2055 0. m.p5F+1s n.eo .so 0.00 .60 0.00 .52 2055

206n 0. m.45F+11 n no .it 0.00 .60 0.00 .52 2060

206% 0. B.n5E+11 n.no 89 0.00 .60 0.00 .52 2065

207n O. 4.85E*11 n.on 89 0.00 .60 0.00 .52 2070

._ - _ .
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TABLE 10.E.80 Case 3A - U and Pu Recycle - Repository in Basalt - 1985 - Reference Treatnent -
~

Unit Power Ccst for TRU-Waste fianagement Including Spent Fuel Handling and Storage

#pnwre GENE a?!DS ONn!MCout.7F1 avrpaGE O!SCOuNTED AVERAGE DIStouM7EO avEmaGE
(7 PCT) OAPC7)

uwwe MILLS /wwwe MILLS /Edwe *ILLSta.ne
,Eno aww.iaL Coabla71vE a=wust Cumulaftyt a= qual CuadLa?!vE ah4dal Cuadba7tvE vtae
.=.. ...... .......... ...... .......... ...... .......... ...... .......... ....

1975 1.7aE+13 8.92E+1, 0% 07 05 02 05 02 1975

1980 3.44E+11 f.P6E+17 .It 0t .11 .07 .!! .De 1980

1 194% 6.47t+31 a e5E+t> 51 .27 .53 23 53 .21 1985

199n 1. tie +17 4.17E+17 60 .as 60 .34 60 .35 1990

199% 1.67E+12 3.63F+11 .67 .53 67 .e6 67 42 1995

200n 2.3pE*17 2.66E+tt 64 57 6a .50 64 .e6 2000

200% 2.anE+12 3.STE+11 .p5 .63 .P5 .5s 85 .e9 2005

P0lo 2.3tr+17 5.caE+11 .e3 69 93 57 93 .51 2010
1

( 2034 2.tns+32 6.15E*11 .e3 73 95 60 93 .53 2015

202n 1.47E*12 7.ttt+31 1.n7 77 1.07 63 1.07 .Se - 2020

02 24 1.37F+f2 7.89E*tt 1 35 83 1.35 63 1.39 .55 2025

2036 9.215+tt m.aeE+tt 1,s3 86 1.61 63 1.61 .55 2n36

2034 a.5nF+11 a.76E*11 p.33 90 2.33 .64 2.33 55 2035

20an 2 67''+10 a.e5f+tt St.es 9s 33.9e 6e 33.9a .55 20a6.

2049 0. 8.R5E*lt n.pn 97 0.00 65 0.00 .55 20s5

205p n. 9.a5F*lt 0.pn 9a 0.00 65 0.00 .55 2050

2059 0 m,pSrett n,nD ,98 0.00 65 0.00 35 2055

206n n. 8.45F*11 0.00 94 0.00 65 0.00 .55 2060

2069 0. n.85E*t1 0.00 94 0.00 .65 0.00 .55 2065

2076 6. m.85E+11 0.00 9n 0.00 .65 0.00 .55 2070

,
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TABLE 10.E.82 Case 3A . U and Pu Recycle . Repository in Granite - 1985 - Reference Treatment .
Unit Fuel Cost of TRU-Waste !!anagement Including Spent Fuel Handling and Storage (a)

t

'

7wa p 67 HuntMCouNTE9 avFRAGE DISC 0JA7ED avtRaGE DISC 0dN7EO AVERAGEn
(? PC71 (lo *C 7)

KG n!Stda#EED DDLLa#3/54 O!Stwa#GED DOLLARS /mG 015CdaeGEO 00LLa98/as O! Scda 9GEO
vEse a*NnaL CuanLa71vE sN=Hal Cd"uta?!vE ah4daL CO*wLattvE annual CurutartvE ffan
.... ...... .......... ...... .......... ...... .......... ...... .......... ....

1975 6.*gE+ng 1.teF+es 17 5. 12 5 12, 5 1975

19an 1.27E+04 6.93F+0s 3n. to. 30 18 30 17, 1990 |

198* 2.e=E+06 1.63F*07 143. 73. ta3 62 tal. 57 toes'

1996 a e7F+n6 3.3?E*07 16*. 120. 163 102 163 94 1990

1 1995 6.2tE+nk 6.62E+0, in?. 137 162. 119 162 109 1995 ;

; 2006 8.faE+04 4.P6E*07 161. 141. 161. 127 161 117, 2000

2004 9.0eE*P6 t aaE+0e 199 152. 199 134 199 123 2005 6

201n 9.PaE+e6 1.90t+0a pet. 16A. 283 142 243 129 20tn

P01% m.6mF+06 P.35E+0m 719 ten. 239 149 239 133 2015

p02n 7.7pt+n6 P.75F+Cp pan. 196. 260 153. 260 136 2020
,

202% 7.tqE+o6 3.teF*0m p?n. i94 270 156, 270 137 2025

701n 5.3tF+n6 3.a3F+0a p95. 707, 295 158 295 138, 2030

703% 3.96F+c6 3 66E+Ca 76e. 717 280. 159 260 139 2035

peep t.5tt+o6 t.79F+Cp att. pts. 613 160 613 139 20a0 *

PO*M 0. 3.79F+04 n. 725. n. 160 D. 139 204g i

205n O. 1.79F*0m p. 726. O. 160 C. 139, 2050

2059 6.- 3.79E+0m 6 726. O. 160 O. 139, 2055
,

I '
'

206n 0. 3.79E+0a n. P26. D. 160 C. 139, 2060 !

2064 0. 3.79E*04 e. 726. O. 160 O. 139 2065

2070 0 3.79E+0a 0. P26 O. 160 O. 139, 2070
,

*

a. Unit cost at time of reactor discharge. .

t

t-

|

1
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TABLE 10.E.83 Case 3A - U and Pu Recycle - Repository in Shale - 1985 - Reference Treatment - (a)Unit Fuel Cost of TRU-Waste fianagement Including Spent Fuel Handling and Storage
t

T wo . .P at ? ime t stnuh? F O ave 94GE OtSCOu=7ED avEmaGE t!ScouhfE0 AVERAGE
(7 oc?) (h3pt?)

"G a!5Caa8GED 00LLa99/r2 UTS0manGED 00LLa45/uc 013CaseGED DOLL 4ES/CG DISCha#GED
TE&a 4 4+ s a i CamulaTIvf a*WUal C4=ULaftvE aNwual caayLaftvE abhual CgauLa?!wE TEaB

.=.. ...... .......... ...... .......... ...... .......... ...... .......... ....

197% 4.9eE+n5 1.far*06 17 M. 12 5 12, 5 1975

1986 1.27E+06 6.93E+0m 19 19 39 te. 30 17 1990

1995 2.anE+06 1.h3E+0? 1 37 78 137 61 137 57 1985'

199a 4.07E+0h 3.17E+0? See. 117 169 99 te9 it. 1900

1999 A.2tE+nn 4.02r*D7 166 137 166 tie. 166 108 1995

200n 9.7aE+nb 9.868*07 169 te5. 165 127 165 117 2000

2004 9.9e5+nk 1. ear +0a Pae. 155. 20s. 135 20s. 12a. 200s

201n 9.perenb t.90r+0a 711. 16a. 2tt. 143, 213. 129 2030

Pott 4.6nE+mt 2.35E+0a 709 175. 205 ta?. 205 133 2015

202n 7.73E+n6 p.75E*08 727 '81. 227 150 227 134 2020

202% ?.15t+n6 3.taE+an pia. 197 23a. 152. 23a. 136 202%

703n 5.3tF+nk 1.a3F+0a p5g. i9p. 251, 15s. 251. 136 203n

701% 1.9mF+06 1.66E+0a 737 197 237 155 237 137 2035

70an 1.53Eens 3.79E+0a tip. 70g. 532. 155 332. 137 2000

70eu D. t.79E*0s a. P07 O. 156 O. 137, 20a5

7050 9 3.79E+na %, pga. O. 156 O. 137, 2050

705% 0. 1.79E+0a c. 70s. C. 156 C. 137 2055

206n 0 3.79E+0a n. 70s. D. 156 C. 137, 2060

2069 0, 3.79E+0a n. 704 O. 156 O. 137 206$

2076 0. 3.79E+0a n, rom. O. 156 D. 137 2070

|

a. Unit cost at time of reactor discharge.
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TABLE 10.E.85 Case 3A - U and Pu Recycle - Repository in 1985 - Reference Treatment -
Costs for TRU-Waste Transportation
$ Millions at 0% Discount Rate

SOL?b w!Gw LFwEL wttLLs aan a9PE*9L7 70?aL INTE44E3!a?E 70?aL Low LEVEL- 70?aL FOR aLL
WASTE wanovaar 4a9?E LEVEL WASTE maSTE CLa5SjFggg7g.g3

vt aR awNoat C t ** ttL a ?! v E ANNisal Cis*dts?tvE ANNdaL CJ"JLa?!vE ahmoaL CuauLa?!vE ANNdab CU*ULa?!vE tea #.=.. ...... .......... ...... .......... ...... ......s... ...... .......... ...... .......... ....

1964 0.00 0.on a.p? 8.27 6.19 6.19 46 .a6 te.93 ta.93 1985

1990 7.~ 0 2 21.59 ta.33 71.75 10.72 35.18 90 a.ac 32.97 15a.93 1990

't999 11.'34 ?*.09 19.73 157 30 14.39 117.68 1.27 9.83 e6.22 360.90 1995

2000 17;93 tes.79 s6.72 267.a0 19.61 200.06 1.73 17.16 65.37 636.33 2000

2009 pa,pa Pa?.75 31 2t et2.a7 2a.es 308.59 2.23 26.9a 88.56 995 70 2005

2010 30.7h 382.co 39.71 576.50 24.9e e32.60 2.34 38.51 91.15 1s31.90 2010*

2015 30.76 535.9% p?.e4 732 30 40.92 547.66 2.a2 50.75 82.J6 1864.82 2015

2020 25.90 67a.37 29.?! 873.47 22.23 653.77 2.36 61.99 60.21 2268.01 2020

2025 27.52 a09.57 27.9A 102a.te 20.92 766.22 2.17 73.31 78.58 2673 22 2025
_

203n 25.93 eag.79 20.97 sta3.02 15.69 355.14 1.62 82.29 6a.19 3029.20 2030

2039 19.43 101a.sg 13.98 1226 91 10.46 917.90 96 88.13 sa.e3 1291 79 2035

20an 12.95 1136.56 11.** 1296.82 10.a6 970.20 1.31 93.72 35.70 3497.30 20s0

20**- 12.95 1201 32 o.00 1326 03 0.00 992.05 36 96.19 13.31 3615 58 2045

2050 0.00 922n.37 n.00 1326.03 0.00 992.05 0.00 96.91 0.00 3643.36 2050

2055 0.no 922a.37 c no 1326 63 0.00 992.05 36 97.99 36 36ca.es 2055

2066 0.00 1228.37 6.09 1326.03 0.00 992.05 36 99.09 36 36as.53 2060

2065 0.00 1228.37 n.00 1326 03 0.00 992.05 36 100 16 .36 36e6.61 2065

207n 0.'00 1228.37 0.00 1326.03 0.00 992.05 0.00 100.16 0.00 36a6.61 2070
*7079 0.00 1228.37 n.00 1326 03 0.00 992.05 1.00 102.33 1.08 3448.78 2075

. . _ _ _ - . _ _ _ _ _ - _ _ _ _ _ _
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TABLE 10.E.87 Case 3A - U and Pu Recycle - Repository in 1985 - Reference Treatment -
Costs for Geologic Repository in Salt
$ Millions at 0% Discount Rate

SOLIO MISM LEVEL MutLS AND ASSEMBLv TOTAL INTEegE01 ATE TOTAL L0m LEVEL TOTAL PON ALL
WASTE MaWQua#E WASTE LEVEL mASTE wAttE C L a 331P ic a T 1045

16aR 444uaL CuautAT1vE ANNUAL CUMULATIVE AN4WAL CumWLAT!vt agguaL CumuLAftwE a%=uaL~ CUhuLATI'E YEAw
.... ...... .......... ...... .......... ...... .......... ...... .......... ...... .......... ....

1945 0.00 0.00 6.62 6.62 e3.25 83.25 5.75 5.75 55.62 55 6d 1985

1990 39.85 122.59 tt.e7 59.00 7e.92 385.57 11.19 54.72 137.e2 621.69 1990

91 95 92.67 e60.82 15.38 125.se 100.50 822.31 15.ee 122.09 224.e3 1530.a7 1995

2000 145.63 1029.70 20.97 213.92 137.05 1397.93 21.53 213.2e 325.18 FeSe.eu #000

2005 198.59 1963.76 26.57 329.97 173.60 2156.28 27.66 33e.Fa e26.at 868a.7e d005

2010 251.54 '2962.60 26.57 e62.80 173.60 30ie.28 29.0a 479.5e eaa.75 6928.26 d010

2015 d51.5s e220.31 22.37 585.e4 1st.19 3825.32 30.05 630.71 e50.15 9265.to doth

- 2020 211.82 5385.35 23.?? 699 10 155.33 4568.40 29.38 770.e5 a20.30 11423.29 2020

2025 225.06 6457.71 22.37 819 34 146.19 535s.16 27.02 911 11 e20.65 13582 33 4025

2030 211.82 7879.25 16.78 914.42 109.64 5975.46 20.10 1022.75 356.35 1579t.49 2030

2035 246.23 9166.75 11 19 961 53 73.09 6e14.03 11.87 1095.2a 3ee.39 17657.55 2035

2040 105,91 100e0.53 11.19 1037.e6 73.09 6779.50 16.22 1164.62 206.41 19022.1u 2040

2We5 lb5.91 10570 09 a.00 3060.e2 0.00 6932.17 a.52 1195.et 110.*3 1975e.e6 4045

2050 0.00 10756.07 0.00 1060.32 0.00 6932.17 0.00 1204.e5 0.00 19953.51 d050

2055 0.03 10756 07 0.00 1060 42 0.00 69*2.17 4.52 1218.0g e.32 19967 07 2055

2060 w.00 10756.07 0.00 1060.32 0.00 6932.17 4.52 1231.57 a.52 19980.63 dO60

2065 0.00 10756.07 0.00 1060 42 0.00 6932.17 e.52 12e5.33 e.32 19998.19 4065

2070 0.u0 10756.07 0.00 1060.82 0.00 6932.17 0.00 1245.13 0.00 19994.19 2070
- 2075 0.00 10756 07 0.00 1060,42 0.00 6932.17 13.56 1272.26 33.36 20021 32 2075

t

v -
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TABLE 10.E.89 Case 3A - U and Pu Recycle - Repository in 1935 - Reference Treatment -
Costs for Geologic Repository in Granite
$ f1illions at 0% Discount Rate

SOLIO MIGM LEVEL MULL 8 AND ASSEuSL.- TUTAL INTEMaEDIATE TOTAL Low LEVEL TuTAL POW ALL
w&STE MANDWARE eASTE LtvgL a487E aA87t CL 4 8 s t e IC A T 10=8

.?..A R ANNUAL CUMULATIVE AN40AL CUMULATIVE A%NOAL CUMULAT!vE Ahwu L CumyLAT!vE ANkUAL" CuauLaftw6 .TEau? a
" . ...... .......... ...... .......... ...... .......... ...... .......... ...... .......... ....

1985 0.00 0.00 11.31 11 31 69.73 69.73 9.52 9.52 90.36 90.56 1985

1990 8e.71 197.29 19.58 100.78 120.79 623.62 18.52 90.56 243.60 1010.25 1990

1995 136.82 855.31 26.27 21a.93 162.03 13d5.72 26.22 202.07 351.34 2598 0* 1995

2000 215.00 1695.77 35.82 365.39 220.95 d2S3.73 35.63 352.93 507.41 e667.81 d000

2005 293.18 2927 13 45.38 563 61 279.87 SeF6.3e e5.78 554.01 66e.dt 7521.uw doch

2010 660.20 4838.25 45.38 790.88 dF9.87 48F5.72 48.07 792.07 1u33.32 11296.51 d010

2015 660.20 8139.26 34.21 1000 6e d35.68 6111.98 49.73 1043.86 983.53 16355.7e doth
,

2u20 555.96 11197.05 80.60 1894.08 250.41 7365.13 e8.63 1275.te e93.60 21031.39 sodo

2025 590.71 1e011 60 33.21 1399.a6 235.68 8631.93 44.72 1507.9e 909.33 25550 9e dod5

2030 555.96 16999.89 23.66 1561.86 176.76 9633.59 33.27 1692.71 794.05 29888.05 do30

2W35 416.97 19362.72 19.11 1676 49 117.88 10340.64 19.65 1812.68 573.37 33192 53 d033

2040 277.98 21030.60 19.11 1772.01 117.84 109d9.85 26.84 1927.51 met.FF 35659.98 20eo

2045 156.36 22298.88 0.00 1811 92 0.00 11175.98 7.48 1978.46 163.55 37265 23 doe 5

2950 0.00 22620.e8 0.00 1811.92 0.00 11175.98 0.00 1993.43 0.uo 37601 81 d050

2055 0.00 22620 48 0.00 1811 92 0.00 11175.98 7.48 2015.87 7.*8 37624.26 4055

2060 0.00 22620.44 0.00 1811.92 0.00 11175.98 7.88 2038.32 F.e8 37646,79 dO60

2065 0.00 22620.88 0.00 1811 92 0.00 11475.98 7.88 2060.76 7.e5 37669 13 dO65

2070 0.00 22620.48 0.00 1811 92 0.00 18175.98 0.00 2060.76 0.00 37669.13 dOF0

2075 0.00 22620 48 0.00 1811 92 0.00 11175.98 22.84 2105.65 22.e4 37718.0* 2075
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TABLE 10.E.92. Case 3A - U and Pu Recycle - Repository in 1985 - Reference Treatment -
Non-Spent Fuel System Waste Management Costs for Repository in Shale - f

$ Millions at 0% Discount Rate

i

i

' TRE AT=E NT Tut &TmENT TeawSPO4. NEPDsituRT tutEaga PuJ2 Pu02 Ols"a*TLa*G Totat
vaan er rup- at =0r tre ratica stu*asE s7awast swa,*gus rup- On s's7En Tsaa
.... .......... .......... .......... .......... .......... .......... .......... .......... .......... ....

1985 a62. 21. 15. 75. 108. u. o. O. 6at. 19a3
,

1990 1698. c5. 155 Sat. 108. u. O. O. 2so?. twvu

1995 3e13. 181. 361. 2372. 108. 3 O. O. heSS. 1993

2000 5075. 327 630. a362. 108. u. O. O. 11403 2uou

2005 9323. 52s. 996 7131 108. u. O. o. taDa2. 2005

13 56. 766. 1432. 10555. 108. u. O. 2 26017 auto2U10 1

Rut 5 16706. 100m. 1867. 1a162. lose u. O. 31. 33643. 2u15

2u20 1997a. 1226 226A. 17a96 108. u. a. St. ettpe. 202u

2u25 23aas. tee 6. 2673. 207s3. 108. U. c. 73. enese, dug 3

2u30 26187 1603. 3029 23808. 108. u. O. tun. 58835, 2u30

RUSS 28167. 1679 3292. 26867 108. U. O. 129 59861. 2u33 '
,

|

| 20e0 29a01, 1689 3497 28217 108, u. O. 185. h3e92 2ueu
| t
i 2045 30475. 1685. 16 6. 29402. 408. u. 3. 2e3. 65528 2u45
|

j 2u50 3ca75. 1689 3643. 29787 108. u. 3 257 659s5 2uta

2u55 30a75. 1685. 36et. 29808. toe. P. c. 2P9 6e009 Rus3

2u60 30a75. 1685. 36a6 29829 108. u. O. J2u. 66062 2u60

2ut5 30475. 1685. 3647, 29850. 108. u. C. Jae. 66112. 2u65

tuf0 30a75 1685. 36a7 29850. 108. u. D. 353 66117 2u70
'!v75 30475. 1685. 36a9 29891 108 u. O. =03, 66211. dup 5

!
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TABLE 10.E.93. Case 3A - U and Pu Recycle - Repository in 1985 - Reference Treatment -
Costs for Geologic Repository in Basalt -
$ Millions at 0% Discount Rate

SOLIO MIGH LEVEL HULLS AND ASSEm8(y TOTAL 1NTEmmE01 ATE TOTAL LDw LEVEL TutaL POW ALL
WASTE HA#DwARE *AstE L6Vtb aASTE mASTE CLA33tt!CA710NSVEAR ANNUAL CUNULAftVE Annual CumuLAfgvg ANNUAL CuauLATIVE ANNUAL GuauLAftwE AN*ual CuauLait'k

.' E a m.=.. ...... .......... ...... .......... ...... .......... ...... .......... ...... .......... ...

1985 0.00 '0.00 12.13 12 33 76.33 76.33 11.35 11.35 99.80 99.su 1985
#

1990 68.87 194.73 21.02 108 15 132.21 640.39 22.07 107.9s Pae,te 3091.19 1990

91 95 197.7e 989.19 28.19 230 66 177.35 1s51.06 31.25 240.8a ass.33 2911 75 1995

2000 310.73 2203.87 In.ea 3g2.12 281.8e 2466.80 42.87 420.65 633.*9 Sas3.e3 d000

2005 423.73 3983.51 a8.69 60s.84 306.33 18U5,00 Sa.it 660.32 833.32 9053 67 doo5
12010 536.72 6328.13 44.69 844.11 306.33 55s6.67 57.29 9es.05 949.us 13e57.16 dato

2015 536.72 9011.72 41 01 1073 84 257.97 6755.a9 59.28 12es.15 894.97 1R085 21 doth
2020 451.97 tta97.57 e3.57 12mt.se 274.09 8061.44 57.96 1519.81 s27.39 22360.27 dodo

2025 s80.22 13785.69 41.01 3501 84 257.97 9ast 01 53,30 1797.29 832.30 26532 8m 4025

2030 451.97 16215.05 30.75 1676.12 193.a7 105ss,37 39.66 2017.52 715.86 30e53.03 d030

2035 338.98 18135.9a 2n.50 1799.te 128.98 11318.26 23.e2 2160.50 511.89 33e13.8s 4035

2040 225.99 19s91.86 20.50 1901 65 148.98 11903.18 31.99 2297.36 a07.e6 3565s.05 d040

2U45 225.99 20621 70 0.00 19as.e8 0.00 12232.58 8.92 2358.10 23=.90 37156.9S doch

2050 0.00 21085.03 0.00 19ea.e8 0.00 12232.58 0.00 2375.93 0.0u 37638.0d d050

2055 0.00 21085.03 c.00 198a.s8 0.00 12232.58 8.92 2402.69 8.92 37664.78 2055

2960 0.00 21085.03 0.00 194e 48 0.00 12232.58 8.92 2429.ee 8.92 37691.53 2060

2065 0.00 21085.03 0.00 1944.48 0.00 12232.58 8.92 2456.19 8.92 37719.28 2065

2070 0.00 21085.01 0.00 19es.4e 0.00 12232.58 0.00 2e56.19 0.u0 37718.28 4070

2075 0.00 21085.03 0 00 19e4 48 0.00 12232.58 26.75 2509.70 26.75 37771 79 d075

| _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ - - - - - - - - - - - - - - - -
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TABLE 10.E.96. Case 3A - U and Pu Recycle - Repository in 1985 - Reference Treatment -' q
Non-Spent Fuel System Waste Management Costs for Repository in Salt - "

$ Millions at 7% Discount Rate
<

4

78Ea7=Eh? TREa7=E47 Taahspod. rep 0311Uav 1%1Estm - puC2 "uu2 utsaam7 Lins 7LTatvtan 47 F99 af mDr FFP 74710% 37bdaGL STuwabE SulpP!wG Fwp* mux 5757Em vta=.... . .......... .......... .......... .......... .......... .......... .......... .......... .......... ....

1985 297. 13. 9 32. 73. u. D. u. a2a. tvet

1590 m30. al. 75 299 73. u. D .' u. 13t9 twvo f
1995- 131a. fa. taa. 60a. 73. u. 3 n. 221u. 1995
2000 in3a. 111. 209 921. 73. u. D. o. 3151.. 2uou
2uG5 2331. tea. 271. 123a. 73. u. O. n. a25a. 2uus
2utn 2737 17a. 325 1510. 73. u. D. o. se19 autot-

2015- 3605. 199. 363. 1715. 73. U. O. 3. 535s. 2015
2020 3st.. 209 3Pn. 1850. 73. G. C. a. 5705 2020t

2u25 3315 219 a06, 19a5. 73. u. O. '5. 9943 2u25
'2030 3393. 22a. ata. 2016. 73. u. O. 6 6131. 2pau

2035 3a33. 226. 42a. 2061. 73. u. D. 6. 6223 2u35
20a0 3a56 226. a27, 20s3 73 u. O. 7 6273 2uau

. 20a5 3aba. 226. 429 2092. 73. u. O. 6 6291. dued.
2950 3a6a. 226 a29 209a. 73 O. D. a. 6293 2u5u
295% 3a6a. 226. ste. 209a. 73. u. O. e. 6293 Zu25
2ueo 3aba. 226 a29 209a. 73 u. D. a. 6293 tuou
2065 3aba. 226 a29 2094* 73. u. D. 9 629a. 2ubS
duf0 3a6a. 226. a29 209a. 73. 'O. O. 9 629a. 20Fu
2u75 3aba. 226. a29 209a. 73, u. O. 9 6294 duf3

,

>

|
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TABLE 10.E.97. Case 3A - U and Pu Recycle - Repository in 1985 - Reference Treatment -
Non-Spent Fuel System Waste Management Costs for Repository in Granite -
$ Millions at 7% Discount Rate

TREatwENT THEATufnf TRAN5PD4= rep 0S11047 IN!EalP Puud pug 2 O!SaAN7LihG TUfat
vt&R AT FRP af M0u FFP TATION STudAGE SiOWAGE eMIPPINE pwP* aux SYSTEa 'T6A"
.... .......... .......... .......... .......... .......... .......... .......... .......... .......... ....

1985 297 13. 9 53. 73. u. O. L. 4e5 1985

1990 457. 43. 75 48*. 73. u. D. o. 1532 tv9ug

1995 1385. 76. tea. 1019 73. u. O, n. 2e97 1993

2000 1940. 111. 209 151s. 73. u. O. o. 36af. 2uuo

2uC5 2a63. tea. 271. 2003. 73. u. D. u. a955. 2uus

201n 2900. 17a. 325. 2863. 73. u. O. n. 5935 2010

2u15 3212. 195. 363. 2907. 73. u. O. 3. 6753 2u15

2u20 3416. 209 388 3200 73 u. O. 4 7d90 2udu

2u25 3573. 219 so6 3a02. 73. u. O. 5. 7677 du25

2u30 3661. 22a. ale. 3541. 73. u. O. 6. 7923. 2u3u

2035 3706. 226. 42a. 3617. 73. u. O. 6 M052 duS5

2u40 3732._ 226 a27, 3658. 73. u. O. 7 h123 dueu

20*5 37ao. 226. a29 3677. 73. u. D. 8 8152 20e5

2050 3740. 226. 429 3660. 73 u. O. B. 8156 2utu

2u55 3740. 226 429 3660. 73. u. O. B. 9156 duS5

2U60 3740 226 429 3680. 73. u. O. 6 5156 2u60

2065 3743. 226. 429 3680. 73. D. O. 9 5150 2ues

2070 3741 226 429 3680. 73. O. O. 9 8156 2uTu

2u?5 3740. 226. 429 3680. 73. u. D. 9 e157 2075

|
_ - - -

-



TABLE 10.E.98. Case 3A - U and Pu Recycle . Repository in 1985 - Reference Treatment -
Non-Spent Fuel System Waste Management Costs for Repository in Shale -
$ Millions at 7% Discount Rate

TREAT 4 TNT THEaTrENT TRANS904 REPOSIIU47 INTEdIm Pu0d Pua2 DISaamTLlan 10 tat
vpaq af FRP AT Max FFP T4710= S7udAGt STOMAGE aw!pPING rup.mus Sf57t* vta=
.... ........... .......... ........... .......... .......... .......... .......... .......... .......... ....

19a5 297. 13, 9 .3. 73, u. D. O. a35.. tves
t**n ass, a3. 75. soe. 73 v. D. O. t af e. . tvvu

-

-

1995 te65. 76 tea. 929. 73. u. D. u. 2677 1993

2uco 207e. 113. 209 3390 73. u. O. G. 3663 200u

2005 2646. 144 275. 1870. 73. u. 3 u. 50m?. 2003

dut0 3121. 174 325. 2290. 73. u. O. O. 59ee. auto

2015 3a33, 195. 363. 2607. 73. u. C. 3 6678 2u!5
'

2ul0 3637. 209. 3Ps. 2016. 73. u. O. 4 F127 auto

2025 3793. 219 a06. 296d. 73. u. O. 5. 7458 2V23

2u30 3462. 2Pa. 416 3060 73. u. O. 6 7en2 203U

2035 3928. 226. 42a. 3121 73. u. O. 6 7777 Russ
i

2vs0 3o5s. 226 427, 3te9 73 u. O. F. 7647, dutu

2045 3962. 226 429 1163. 73. u. D. 8 Teht. 2ueS

2U50 3962. 22A. 429 3167 73. u. C. 4 7865 2v3u

2u55 3962. 226 a29 3167. 73. u. D. 8 7565 2uS3

2000 3o62. 226. 429 3167 73, u. D. 6 7565 2u00

2u65 3962. 226. 429. 3t67. 73. u. D. 9, 7665. 2ues

2v70 3962. 2?.. 429 3167 73. u. D. 9 F565 2uTu

2v75 3962. 226. 429 3167. 73. u. O. 9 7866 2u75
l

i i

!
.
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TABLE 10.E.99. Case 3A - U and Pu Recycle - Repository in 1985.- Reference Treatment -,

Non-Spent Fuel System Waste Management Costs for Repository in Basalt -
5 Millions at 7% Discount Rate

,

.

i'

T8 eat =Ent TatafmEwT Tea %3PO4. RE8081Tuev talgeln Puod PUU2 018aaNTLIns 70 fat
vta4 af rep af "On FFP T4TIDh STU4ast ef04abt 34IprIwg rupeaus system v t a.=
.... .......... .......... .......... .......... .......... .......... .......... .......... .......... ....

1585 297. 13. 9 58. 73. U. O. O. e50, 198s

1590 e70. a3. 75 323. 73. U. O. O. 15ee. 1590

t'95 ta32. 76. 14a. 1132. 73. U. O. D. 2856 1993

2000 2041. 111. 209 1747 73. U. O. O. 4381, 2000

2005 2616. 184 271. 2359 73. U. D. O. 5463 2003

2010 3088. 174 325. 2899 73 U. O. O. 6560 2010
i

2015 3400. 195. 363. 3306. 73. U. O. 3. 73a0 2U15

2020 3605. 209 348 3573. 73. O. D. 4 7852 292U

2025 3761. 219 406 3760. 73. U. D. 5. 8228 2'

2u30 3pa9 22a. 418. 3886. 73. U. 3 6 8e56 2030

2u35 3994. 226. etc. 3954, 73. D. O. 6 957F. duS3

EUe0 3920. 226 e27, 1991. 73. U. C. 7 8644 2U40
"

20e5 3928. 226. a29 a008. 73. U. O. a. 8672. tues

2030 3929. 226 e29 4013. 73. U. O. 8 8677 2uSU

2U5% 3929. 226. 429 4013. 73. u. 3. 8 8677 2U53

2060 3928. 226 429 4013. 73. U. 3 8 P677 2U60 '

2065 3928. 226. 429 4013. 73. U. D. 9 8678 2063

2070 3,28. 226, 429 4013. 73. U. O. 9 8678 2070
[

2075 3928. 226. 429 a013. 73. U. O. 9 8678 2U75

,
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TABLE 10.E.101. Case 3A - U and Pu Recycle - Repository in 1985 - Reference Treatment -

,

Non-Spent Fuel System Waste Management Costs for Repository in Salt - '

$ Millions at 10% Discount Rate
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TABLE 10.E.103. Case 3A - U and Pu Recycle - Repository in 1985 - Reference Treatment -
Non-Spent Fuel System Waste Management Costs for Repository in Shale -
$ Millions at 10% Discount Rate
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TABLE 10.E.104. Case 3A - U and Pu Recycle - Repository in 1985 - Reference Treatment -
Non-Spent Fuel System Waste Management Costs for Repository in Basalt -
$ Millions at 10% Discount Rate
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TABLE 10.E.105. ' Case 3B - U and Pu Recycle - Repository in Salt-2000 - Reference Treatment -
Unit Power Cost for TRU Waste Management Including Spent Fuel Handling and Storage
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TABLE 10.E.107. Case 3B - U and Pu Recycle - Repository in Shale 2000 - Reference Treatment -
Unit Power Cost for TRU Waste Management Including Spent Fuel Handling and Storage
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. TABLE 10.E.108. Case 3B - U and Pu Recycle - Repository in Basalt-2000 - Reference Trs;;3ent -
Unit Power Cost for TRU Waste Management Including Spent Fuel Handling and Storage
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Case 3B - U and Pu Recycle - Repository in Shale-2000 - Reference Treatment -TABLE 10.E.lli.
Unit Fuel Cost for TRU Waste Management Including Spent Fuel Handling and Storage (a)

t

Twe ra? o%atatroatt o ave gacE O r st oi!* 7 F D avEssGE Dt8t00*7EO ave 8aSEn
(7 #c?) (h3 Pt 71

84 et*Ewa# Gen PottaoStat 9fStwaoGED COLLastres $15taa GED 00LLae3/us OtStuaeGEDe

C u".JL a 7 3 V E
TEaeCu tiL a ?!vE a%=9at to.irL473vE athual CU"ulaftvt akkualvtap ahkoaL a

.. ....... ........ ...... .......... ...... .......... ...... .......... ......

1975 6.99E+e5 t.?eE+05 32 5 ti. 5 12 5 1975

198n 1.2?F*e6 4.93f*06 19 to. 30. IP. 30 !?. 1980

1989 2.asr+06 1 63E*07 tit. 6a. 111. 55~ 111 52 1985

999n a.avF+06 3.37E+07 tip. 9a. 112 St. 112 76 1990

1999 6.2tF+0h 6.92E+07 919 401. 115 90 115 8e. 1995

700n P.7aF+ng 9.phF+07 the. 100 169 97 169 90 2000

2094 9.DeF+ng 1.sar+0a pga. 13,. 218 111. 218 101. 2005

acto 9.2aE+p% 1.90r+9a pga. 554 237 12a. 232 110 2010

201s a.4eE+a6 7.15F+0a p37, 171, 237 131. 237 11a. 2015

202n 7.7pF*nA 5.75r+0a 737 187. 227 136 227 117, 2020

202% ?.1mr+"4 3.taF+na ple, 197 234 139 23a. 119 2025

7030 5.3eF+en 3.alr+na p5t. 193. 251. tec. 251 120 2039

7039 1.9AE+04 1.66E+0a Ptv. 197. 257 lat. 237 120 2035

70am 1.5tE+66 1.798+Sa Mip. P03. 532. te2 532. 120. 20a0

20am D. i 70s+9a e. 707 C. ta2 O. 120 2045

7050 0. 3.798+0a n. 70s. c. Is1 O. 120. 2050

2055 0 1.79F+0a n. P09 D. 183 O. 120 2055

7060 0 3.79E+0a n. 700 O. 143 O. 120 2060
~

206M 0. 3.79F*0m e. 709 C. 183 O. 120. 2065

207n O. 1.79E+0a n. Pn9 O. 143 O. 120 2070

a. Unit cost at time of reactor discharge.
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TABLE 10.E.113. Case 3B - U and Pu Recycle - Repository in 2000 - Reference Treatment -
Costs for TRU Waste Transportation -

5 Millions at 0% Discount Rate

s0'70 utsu L2 vet uutte ano a88t=8tv Yofat IgTematoraft 70 tat Lou LgvtL Total Pen att.

wa8TE ManowasE watTE LtvtL ma8it wa87E CLa88tP!cattews
vtan awgung CuautaT!vt asuual tunutatttt A44uaL CumulaT!vE ANNu l CumuLAT!vt a=4ual tumuLattvg vtan 3a

j.... ...... .......... ...... .......... ...... .......... ...... .......... ...... .......... ....

1989 0:o0 c.co 0.co 0.00 0.00 c.co c.co c.co c.co c.co 1985

1999 0.00 n.on o.oc e.e0 0.0c 0.00 0.00 e.e0 c.00 a.co 1990

1995 0:00 e.on e.co e.00 0.00 0.00 0.00 c.co 0.0c a.co 1995

200e 21.' e 9 21.e9 27.e8 27.88 20.86 20.86 1.8 1.81 72.c3 72.o3 2oo0

2005 36271 171 6P e2.e3 2et.St 31.45 150.76 2.te 13.22 112.93 537 12 soo5

totn 56:29 st6.a= es.83 ele.96 33.ss 317.93 3.09 28.3a 137.95 1187.69 tote

2015 3 6.'e 9 698.9p e6.23 652 26 34.58 487.98 3.6a 45.e1 140.94 1884.56 2015

2020 25 93 965.33 29.71 873.87 22.23 653.77 2.36 61.99 80.21 2554.96 2020

2029 27.52 1o96.47 27.96 102a.18 20.92 766.22 2.17 73.31 78.58 2960 18 2025

to30 25;9e 1239.7e 2n.97 1143.02 15.69 855.14 1,62 82.29 64.19 3316.16 2m3e

2035 19:43 1345.Ro 13.98 1226 91 to.e6 917.90 96 88 13 e4.83 357m.74 2035

Boen 12,*95 set 3.55 13.98 1296.82 10.46 970.20 1.31 93.72 38.70 170s.25 2eso ,

toe 5 12.'95 te8a.27 0 00 1326 03 0.00 992.oS 36 96.19 13.31 3902.Sa toe 5

2o50 C .'0 0 1515.33 0.00 1326.e3 0.00 992.05 0.00 96.91 0.00 3930.3 2050

2 55 0.co $515.39 e.co 1326 03 0.00 992.05 36 97.99 36 3931 39 2055
]

0

'

2066 0.'00 1915.33 0.00 1326.03 0.co 992.05 36 99.08 36 3932.a8 206o
*

2065 c.co 3515.3i e.00 1326 03 0.00 992.05 36 100.16 36 1933.56 2065

2076 0.'00 1915.33 0.00 1326.03 0.00 992.05 0.00 100.16 0.00 3933.56 0070
*

2079 0.0s 1915.31 0.00 1326 03 o.00 992.05 1.00 102.33 1.08 3935.73 207i

- - - - - - _ _ = _ _ - _ - _ - _ _ _ _ . _ _
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TABLE 10.E.ll5. Case 3B - U and Pu Recycle - Repository in 2000 - Reference Treatment -
Costs for Geologic Repository in Salt -
$ Millions at 0% Discount Rate

.

SOLIO HIGd LEVEL MutLS amo aSSE*86v Tufat 14TEw=t0 tate TOTAL LO= LEVEL TUTa6 tow ALL
ma5TE wasomaRE masTE LEvtb =aSTt aas?E CLa531*10affr=5

Y$a# AN*u L CU"vkaftvE annual Cuauta71vt a**uaL CuMJLaTIVE an=e L CadutaT1vE ah*yaL- QuacLattet VEa=a a

.... ...... .......... ...... .......... ...... .......... ...... .......... ...... .......... ....

1985 0.00 0.00 m.on 0 00 U.on u 00 0.00 0.00 0.00 0.0u 19e5

1990 0.00 0.06 P.6J 0.00 0.00 0.00 0.00 0.00 D.UC 0.0u 199u

1995 0.00 n.00 n.00 0.00 0.00 0.00 U 00 0.00 0.bu 0 0J 1995

2000 15s.95 15e.99 22.30 22.30 1"S.73 185.75 22.50 22.50 3a5.as as5.ae dOOb

2005 230.10 1111 00 33.63 161 21 219.7a 3053.e7 33.99 16a.25 517.46 2490 0c 2005

Pute 336,60 Pa90.09 35.86 339.97 23a.36 2221.61 38.37 352.36 625.39 9403.77 t010

aut5 316.90 ania.01 36.98 521 81 241.67 3au9.85 a5.19 56s.35 bec.6a a570 02 2035

2020 211.82 5553.3a 23.77 699 10 155.33 e568.60 29.38 770.e5 429.30 11591.28 2020

2u25 225.06 6625.76 22.37 819 3a te6.39 5354.16 27.02 913 11 e29.e5 13710.31 2025

Pu30 211.p2 men?.2a 16,74 414.42 1u9.64 5975.a6 20.10 1022.75 355.35 15959.87 2030

2u35 2e8.23 933a.7a 11 19 981 53 73.09 6sta.03 11.87 1095.Pa 3es.39 37825 5* 2035

2 Wen 105.91 1020s.51 31.39 1037.s6 F5.09 6779.50 16.22 116e.62 206.81 39190.09 2000

20e5 105.93 1073P.04 0.00 1060 82 0.00 69J2.17 4.52 1195.at ttu.as g9926.ar 20e5
-

2U50 n 00 In92a.06 0.00 1060.82 0.00 6932.17 0.00 1204.45 0.00 20121.5U 2050

2U55 0.00 In92a.04 See0 1060 82 0.00 6912.17 a.52 1218.01 4.52 20135 06 2055

2960 0,00 1092a.06 0.00 1060.42 0.00 6932.17 a.52 1231.57 e 52 20148.62 2060

2u65 0.00 1992a.06 0.00 1060 82 0.00 6932.17 4.52 32a5.13 e.52 20162 18 2065

2u70 0.00 1092a.06 0.00 1060.82 0.00 6932.17 0.00 1245.13 0.00 20162.te 2070

2U75 0.00 1092a.06 0.00 1060 82 0.00 6932.17 13.56 1272.26 13.56 20189 31 2075
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TABLE 10.E.ll7. Case 3B - U and Pu Recycle - Repository in 2000 - Reference Treatment -
Costs for Geologic Repository in Granite -
$ Millions at 0% Discount Rate

SULIO MIbM LEVEL MdLLS ako 43StweLy TOfaL gg7Ewatota7g T07aL L0m LEVEL Tufat tua aLL
=aStE HAR3 WARE eaSTt LtVEL =a5ft wastg tLa38tPICaTIDNSytaa aN4uaL COMULaftvE a%hJat Cuauta71,g akwuaL CuadLattvE a**uaL Cue Lat!vE aamuaL Cumblatt*L vtadv.*.. ...... .......... ...... .......... ...... .......... ...... .......... ...... .......... ....

1965 0.00 S.On n.00 0.00 0.00 0.00 0.00 0.00 0.uJ c.cu iteS

1990 1.00 0.0n 0.00 0.00 0.00 0.00 0.00 0.0n 0.0u 0.00 1990

1995 0 no 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.0u 1995

2000 224.02 22a.02 3m.09 33.09 23e.95 2Ja.95 37.24 37.2e 534.d9 534.25 2000

2005 323.66 1573.43 57.e3 d75 36 35e.26 1698.e0 56.26 271.84 791.01 3819.L3 dOUS

2010 723.33 3755.42 61.26 540.68 377.83 3581.66 63.51 562.as 12d3.91 3500 6u actu

aut5 723.11 7373.9A 63.37 891.26 389.62 Se97.33 78.80 934.03 3250.e9 te69e.59 dot 5

2020 555.96 10733.67 en.60 stee.06 dSO.st 73bs.13 48.63 1275.to 695.60 20564.cd 7020
gu25 590.71 335em.22 34.21 33e9.46 235.66 6631.93 et.72 1507.9e 999.33 29067.56 dO2S

2030 555.96 36536.51 24.66 1563 86 176.76 9633.59 33.27 1692.71 79e.65 2942a.67 2030

2035 416.e7 3RP99.3e 19.11 1676.49 117.64 103e0.6e 19.65 1812.48 573.S7 32729.16 dO3S

20eo 277.99 20567 23 19 11 1772.nl 117.84 10929.65 26.84 3927.51 eet.77 35196 6u doe 0

2ue5 156.36 21835.51 n.no lett.92 U.00 11175.98 7.e8 1978 e6 163.e5 36801.48 4085

2050 0.01 22157 11 p.00 1811 92 0.00 13175.98 0.00 1993.43 0.u0 3733n.se 2050

2uS5 0.00 22157.13 o.no 1811,92 0.00 11175.98 7.e8 2015.87 7.=6 37te0.ee 20SS

2060 0.00 22157 11 0.00 sett.92 0.00 11175.4e 7.e8 2036.32 7 e5 37183 33 2060

2065 0.00 22:57.11 0.03 1811.92 0.00 11175.9e 7,e8 2060.76 7.es 37205.77 4065

2070 0.00 22157 11 o.00 1831 92 0.00 11375.96 0.00 2060.76 0.00 37205.77 2070

2075 0.00 22157.11 0.e0 sett.92 0.00 13175.98 22.es 2105.65 22.ee 37250.66 2075

l
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TABLE 10.E.118. Case 3B - U and Pu Recycle - Repository in 2000 - Reference Treatment -
Non-spent Fuel System Waste Management Costs for Repository in Granite -
5 Millions at 0% Discount Rate

fata?"E47 7=(afpfM7 703%$p54. g[p0S!?usf 1*lEs!= pu02 PUO2 QTSaa*TLI*E 707ag

47 Du FFF 74710= 37umaEt 5f0 mage nalpr!%s Fop..ox sv57t a vta=
vtaR af F88 ..."....... .......... .......... .......... .......... .......... .......... .......... ....
.**. ..........

1955 e62. 21 O. D. 60. u. D. O. 563. 1965

1990 1629. 99 6 O. a06. u. O. C. 2120 1990

1995 1120. Ing, n 0. 973. u. D. Cg a279 1994
s

auco Siin. 327. rp. 53a. 1565. D. J. D. 7932 2v00*

tuuS 4341. 52a. 337 3819 1565. U. 3. P. las26 duud

2Jin 1193a. 7en. Isme, s5c1. 1565. D. 3 2 23959 2u1u

2u15 15a99 100m. 1885. 1a093. 1565. U. O. 31. 34671. 2u1)

2020 18756. 122 . 2559 20468 15as, u. 3. 51. *s721. Futu

2v25 22226. .ae6 2960 25use. 1565. J. O. 73. 53356, 2u43

2u30 2a969 160t. 3316 29a25. 1565. u. O. 100 60977, tu30

2035 26906 1e79 1579 32729 1365. u. 3. 129 tasa?. 2c35

2Da& 2e%20. 16Ps. 37pa, 35197 15e5. u. D. Se5. 70935 2ueu

2045 29,9a. 16ss. 39F3. 36802. 1565. v. O. da3. 73590. 29a>

2u50 29194 1699 3930 37138. 1565. u. O. 257 73769 2u50

Pv55 29,os. 16"9 99?1. 37161 1565. v. 3. de9 73e25 auS5

2060 29,9s. 16R9 3932. 37183. 1565. D. Q. 320, 79879 296u

| 2465 29g9a. 16rs. 3934 37206. 1565, c. D. see. '3991. 2v65

I

( 2u70 2919s. 1695, 3934, 37206 1565. u. O. 353 73936 duTu

29 9a. 1665. 3936 37251, 1565. u. D. a03. 7a033 2u752v75 1

!
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TABLE 10.E.119. Case 3B - U and Pu Recycle - Repository in 2000 - Reference Treatment -
Costs for Geologic Repository in Shale -
5 Millions at 0% Discount Rate

50LTD "Tb= (FwEL ""tL9 awn asstaqLv 70 Tat INTERmEDiaTF infal LD* LEvFL TufaL F 12 att
ha5TE wasawant <s4TE LEVEL =aSTt as5TE PLA54tPrtaftn%sytae aNNnat CudeLaftvs s%wqat ruautaTtvF A*Nual

Cu"..VL a t t e s
a=%e t Cn=etattva a=90st CumulaTItta

.' E a w.*.. ...... .......... ...... .......... ...... .. ...... ...... .......... ...... .......... ...

1985 0.00 0.9n n.00 n.00 0.01 0.0n 0.00 3.09 f.00 S.r0 19a5

l'** 0.03 n.On n.en n.00 n.no C.cn 0.00 9.or n.00 er.co 1990

1994 n[n1 s qn n.na n.3n 0.P0 D.nn 0 Or 3.ne 0. f. 0 n.00 1995

2006 25 alar pse.m? 2m.nl 72.at 143.75 193.75 3a.n5 ta.a5 511.38 511.4a 2000

2004 359179 1757.22 at.a# 264 78 T81.39 15*6.98 52.ca 251.a* Tah.1H 16tt.9a Pre 5

7010 aF0J75 tain.mn ah.15 899.73 310.76 29a6.01 59.75 %39.1a 986.62 77ta.9a 201C

pots a f n .' 7 5 A16a.t? a?.Tm 67a.15 920.a7 a521.70 69.19 aba.91 008.19 17274.73 7015

702n 1A?]7e al%).2n to.71 991.pt 2u5.97 6358.07 aa.96 1174.%t es3.96 16a97.e% 7020

Pogs gaa,oa gnies.3, pn.no 90ga.56 193.sk 7099.99 at.37 199e.aq Aa9.0F teF10.75 2025

poln 162229 ***34.6a 29.Se itag.an ta5.39 7923,na 3e,ra 55As,ac sse,3 ppana,77 po30

2035 771.72 1 anti.ea to.s% 974a.to 96.95 "505.a% ta.18 147%.78 401.75 25akt.if 2035

70an 14 t |1 % isnog.93 to.as 15an.16 46.e1 8990.09 2a,m3 17a5,pn tgy,3s p7/11.57 20aC

704% 181.15 16105.6* n.en IJ7n.%s 0.00 9192.5a 6.92 ta3S.t1 189.07 **39a.af 2oa5

2056 c . 6 c. 1At76.9m n.en s370.sa 9.cn 9192.5a n.00 1943.97 C.00 Pa7as.Da 2050

705% n .' n i 1647A.9a n.nn irtq.5a C.00 9192.5a 6.92 inas.73 6.92 Panna.no 2055

70*n c;-, ,*srs.in n.nn i37,.5 o.oo 919i.5a 6.a2 tae5.a9 a.92 eaar%.5* 206o
)

706% e.no iA57s.on n.cc i370 5a o.on *192.se 6.92 1906.26 6.92 2a6an.32 2n65

207, e;n, , ,7. 9 ...e 37,.5a 0.e, 919,.5a 0.oo ,9,6... e.0. ,a.a6.,, ,e,0

207% 0.' n i ta374.9m n.no 1370.5a 0.00 9192.5a 20.76 19ar.78 20.76 2a887.8m 2075

l
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TABLE 10.E.120. Case 3B - U and Pu Recycle - Repository in 2000 - Reference Treatment -
Non-Spent Fuel System Waste Management Costs for Repository in Shale -
5 Millions at 0% Discount Rate

TREATaE%f TWEAT*ENT T4449804. rep 0SITuaY - thttata pug 2 PdO2 DI5aaNYLlas 10 tat
vtaa af pop af =Da FF# Tat!D* STuaast 370eabE 6*IpPl=S P=P* man S T Sit a vtaw
.... .......... .......... .......... .......... .......... .......... .......... .......... .......... ....

1985 a62. 23. n. O. 80. u. O. O. 563 4905

1990 1629 45. D. u. a06, u. D. D. 2120 1999

1995 3120. 181. O. 3. 973. u. 3 C. e279 1995

2u00 5389. 327, 72. 511. 1565 D. 3 c. 7 e t e .' duou

2u05 8737. 52a. 537 361s. 1565. u. c. O. ta977 206'

2010 12570. 766. ties. 7735. 1565 u. 3. 2, 23625, 201u

2015 16120. 100m. 1885. 1222a. 1565. u. 3. 31.- 32833 2v33

2920 -19188. 1226 2555 16a93. 1565. u. 3. 51. *1276 2u2u

Eu25 22 MSS. task. 2960. 197aD* 1565. u. 3. 73. sets 2 du23

2u30 25601. 1603. 3316e 22605. 1565 u. c. 100 Saget. 2u30

2u35 27603. 1679. 3579 25a63. 1565. u. 3. 129 60015 Zu33

2980 292ta. 1685 37sa. 27213. 1565. v. 3 seb. 636e6 20eu

fue5 29469 1689. 3903. 28399 1565. u. c. 2a3. 656e2. 2ua3

20$0 29ses. 1685. 3930 28788 1565. u. 3. 257 66109 2u50

2055 29684 1655. 3931. 2s805. 1565. D. J. 2P9 eh!63. 2055

2W60 29858. 1655. 3932. 28823. 1565 u. 3 320 66215 Auto

2u65 29485. 1655. 393a. 260sb. 1565. u. c. Sam. 66266 2u65

2070 29ses. 1685. 393e. 23866. 1565 u. 3 353. 66271 ZuTu

' 2v75 29995. 1689. 3936. 2e888. 1565. u. D. 403. 66364 2u75

. . . _ _ _ _ . . . _ . _ . . . . . . . . . - . . . . . :-- - - .
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TABLE 10.E.121. Case 3B - U and Pu Recycle - Repository in 2000 - Reference Treatment -
Costs for Geologic Repository in Basalt -
$ Millions at 0% Discount Rate

int 14 = gr w LFwFt hijt L a 4%F a5FE mLv Tufat 1%7ER=E3!a7F 707at Lnw LEVEL 70 fat too sue

.aStf Hao9waEE da17L Ltytt ma9?E .aSTE Cla$5'Fita?laA%
vtat absoat Co.ota7!wF a vnla t P9*uta7}tt 4%%OaL CuaJLa7!vE a== oat Com;La7tvf a sst at Cumeta71*t vtah
==.. ...... .......... ...... .......... ...... .......... ...... .......... ...... .......... ....

198% 3 .' n * q.na n.nn n.nn n.01 0.90 0.n0 n.On D.cr 6.90 19a5

199n 9]am a .1m a.nn n.nn n.no 0.09 0.06 n.na c.00 a . (- C 1990

194s 1[99 9.Un a.n3 9.nD 0.00 0.90 0.00 0.Or '.36 n.00 1995

Puen t t a;17 tia.tp an.an 49.as 757.14 257.16 a 3n 44.36 A60.56 *An.56 2000

a us ana|Sa ptoa.as 61.sa pas.sn 397.75 185m.97 47.05 124.0n e65.13 ahtp.93 2005n

Poln 5aa!4: avea.9a gs,7m 83g.16 at3.55 5420.26 75.7o 494.67 tiet.S+ 0999.05 2010

sois Saa;e, 7,oe.97 .7.79 956..a 26.e5 a017.04 a= 15 iiis.ie stri.79 isfa9.7o 2ets

702n ast.97 inatt.?? ag.s? spat.e4 Pfe 69 PS61.as 57.96 tss9.at a27.5* 21lae. b #020

792% aaq;22 sp?ps.mo al.nl 159t.na 257.97 9aan.01 53.39 1797.29 m37.50 2sa73.0a 20?5

pasa est.=7 tsiss.es 3a.7s is76.i2 193.at sc5as.37 so.ss int 7.5e ri5.a* r=3si.25 2o30

acts 3im.oa 17m7%.1a Pa.sn 17ew.ta t#M.99 1:319.26 21.a2 Pthi.5n sit.** *>9se.na #015

7 Dan 775.09 taa3s.ns 28,so 19ng.45 174.9a 11963.19 31.** 7797.36 a37.a* 5459a.25 doa0

poes ?ps.9e iushi.9a n.r0 19as.a8 n.00 12232.59 9.92 2359.tr 25 9u 3A097.ta 20s5

2056 n;ns 7607%.Pt n.ec 99aa.e4 n.On 12232.56 0.00 7375.93 n.co 3a57a.22 2050

7"5s n.no 7,925 21 n.e9 19ea.aB 0.00 12232.58 9.92 peop.60 a.92 3 Anna.97 2055

70An 9.n% 79'2s.21 n.nn seas.e4 0.no 17232.58 p.92 Ps29 as 9.92 3a611.73 2c60

20** 6.es Paa7%.Pt n.no tees.am 9.00 17232.59 a.92 Pa54,19 a.97 9665a.am 7065

707n n]ne 2 nits.Pt e.nn 99aa.48 0.00 12232.58 n.00 7 56.19 n.no 1665m.am 2070

707s 3.cn Pnn7s.7t n.en 19am.a8 0.00 12232.59 26.75 7509.70 26.75 36711 99 2075

l
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TABLE 10.E.122. Case 3B - U and Pu Recycle - Repository in 2005 - Reference Treatment -
Non-Spent Fuel System Waste Management Costs for Repository in Basalt -
$ Millions at 0% Discount Rate

TaEa7=FNT 7eraf>F67 Teawm*P4 aEenSItDa7 IgTEstu o002 *o07 Ols*anTLIAE 707atvlas af Fep af "Og FFF Tay}pg STC4 AGE eT09 AGE 5=Imptug sep.=na sv9ff. ,tse
.... .......... .......... .......... .......... .......... .......... .......... .......... .......... ....

1984 e97 29 6 D. an. O. O. n. 563. 1985

199n 1429 am. O. O. ann. n, e, n, pgpo, g9uo j

199% 5t23. 189 n. O. 978 O. O, n. a279 1995

20cn 53me. 42?. 77 661. 1565. 9 n. n. no13, geco
.

I20as 87t?. 5 a. st?. a673. 15g5. D. n. n. 16o46 2005 l
I201n 12570 fas. 11as, geg9 1565. O. O. 7 2 mea 9 2019
I701% 16123. teos. 14m5. 15790. 1545. D. D. 31 363e8 7015 '

202n toten. 127s. pngs, 2g300. 1545, 1 D. 51. **085 2020
02 74 27a%a. teek. 796a. 29av3. 1545. 9 D. 73. %e375 2025

7030 75 Ant. 1%"t. 3316, 2o3et. 1565. O. n. 100 61578 2050

Pois 27g3a. ,57a, 3579, ip35e. 1565. O. O. 129 6 san 3. 2033
70*n 291'51, 1434 17me. 3a594 1565. D. O, la5 7cS5*. 2040

704% 79a7h. 16am. 39Ft. 3hn97 1565. ". S. Pa1 71317 2045
20Sn 79a74 th8t. tota, 16578. 1545 D. D. 257 ?!ma0 2050
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TABLE 10.E.126. Case 3B - U and Pu Recycle - Repository in 2000 - Reference Treatment -
Non-Spent Fuel System Waste Management Costs for Repository in Shale --

$ Millions at 7% Discount Rate
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TABLE 10.E.127. Case 3B - U and Pu Recycle - Repository in 2000 - Reference Treatment -
Non-Spent Fuel System Waste Management Costs for Repository in Basalt -
$ Millions at 7% Discount Rate
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TABLE 10.E.133. Case 4A - Deferred Decision for Once-Through Cycle - Repository in Salt - Reference Treatment -
Unit Power Cost for TRO Waste Management Including Spent Fuel Handling and Storage
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TABLE 10.E.134 Case 4A - Deferred Decision for Once-Through Cycle - Repository in Granite - Reference Treatment -
Unit Power Cost for TRU Waste Management Including Spent Fuel Handling and Storage
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TABLE 10.E.135. Case 4A - Deferred Decision for Once-Through Cycle - Repository in shale - Reference Treatment -
Unit Power Cost for TRU Waste Management Including Spent Fuel Handling and Storage
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. TABLE 10.E.136. Case 4A - Deferred Decision for Once-Through Cycle - Repository in Basalt - Reference Treatment .
Unit Power Cost for TRU Waste Management Including Spent Fuel Handling and Storage
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205n 0. m.msr+1g n.no 8, 0.00 48 0.00 .38 205n
2059 0. 4.45E+11 n.00 .89 0.00 48 0.00 .38 2055
2060 0 8.85F+ti n.no 99 0.00 44 0.00 .38 206n
2065 0 9.85t*tt 0.00 84 0.00 48 0.00 .38 2065
707n O. m.8SE*ti n.nn .no 0.00. 48 0.00 38 2070
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JABLE 10.E.138. Case 4A - Deferred Decision for Once-Through Cycle - Repository in Granite - Reference Treatment -
Unit Fuel Cost for TRU Waste Management Including Spent Fuel Handling and Storage (a)

ave aGg Dist0uh7ED ave #aGF DI8couh7ED avEm GETae put t'wntsCP9h7E9 # an
'(7 PC73 (10 PCT)

uG n!ScuaoGEn B OL L a # 8 / r ". Of8cuseGED 00LLassins DISCwseGED DOLLae3/uS O!SCMacGED
vEse awhual Cl*UL 4 71 vt a hn-U AL Cu"Uta7Tvg ah%uaL

Cu".uLattut
aNwgal cuMuLaftvE vEne

.... ...... .......... ...... .......... ...... ... ...... ...... .......... ....

1975 6.9*E+o5 t.vaE+0* 12. 5 12 5 12 5 1975

198n 1.27 tan 6 6.*3F+9A 3n. 14 30 18 30 17 198n

1989 2.e=F*nn 1.43f*07 54 33. 55. 30. 55 28 19e5

199n 8.0?E*66 3.37E*07 m3. 56. 83. 48 83. e5 1990

199% 6.2tE+Ph S.62E+0? 75. 66. 75. 57 75 53 1995
i

7006 8.?tF+e6 8.86E+07 109 71. 109 63 109 58, 2000
'

200m 9.0eE+e6 1.aeF+0m P26 112. 226 85 226 74 2005

Poln 9. pef +e6 1.90F+3m 727 146. 227 100 227 85 2010

2014 8.6nE+e6 P.35F+0a Pet. 15A. 243 110 Re3 St. 2nts

702n 7.7 2F +an 7.75F*08 P27 16a. 227 115 227 94 2020

202% ?.ter+ns 3. tee *0m #18 173. 21a. 317 21a. 95 2025

2030 5.3tE+06 t.43F+n* 764 179 266 119 266 96 2030

7039 3.*sE+6A 3.66E+0a 744 189 265 120 265 96 2035 ,

1

20sn 1.5trent 3.796+oe 9th, 196. 516 121. 516 97 20e0

20sm 5. 3.797+na n. 197 O. 122 c. 97 20w5

205n C. 3 79E*ca n. 194 O. 122 O. 97, 2056 1

2059 0. 1.79E*0m 9 19A. O. 122 c. 97 2055 I

!
206n O. 3.79E+en n. 199. C. 122 C. 97 2060 |

|
2064 0. 3.79E*SA n. 19a. O. 122 D. 97 2065 !

207n - 0. 3.79F*0A O. 198. O. 122 O. 97 2070

a. Unit cost at time of reactor discharge.
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( TABLE 10.E.140. Case 4A - Deferred Decision for Once-Through cycle - Repository in Basalt - Refer 9n e Treatment -
Unit Fuel Cost for TRU Waste Management including Spent Fuel Handling and Storageta)

Twenpat u%ststenwff3 avEtaGE DISC 0umTEn ave #ast DISC 0dafE0 ave 8 AGE
(? #CT) th? 8CT)

KG ntstwaeGro onLLane/u: OfstwaoGED 00LLae3/us DIScwaoGED 00LLaesias of3CwansEn
vtan ANNnaL Cu"ulaT!vF s uutat tomitaffvf shMual CuwgLativE ANhgaL CywuleffvE TFan
.*..- ...... .......... ...... .......... ...... .......... ...... .......... ....

1925 6.9.E+ni i. var +0, it. 5. t2 5 32 5 1975

1990 1.2?E*06 h.03E+ns in. 19, 30 18 30 17 1980

19a9 d.e*E+n6 1.e3F+07 55. 54 55 30 55 28 1985

1996 4.off+et 3.3?E+0? mi. 54, 83, a8 83, a5 te90

1999 6.7tE*St 6.62F+0? 79 66 75 57 75 53 1995

2006 8.7aE+r4 9.*bF+0? 117. 71 112 63 112 58, 2006

2004 9.n9F*06 1.e4F*cm pga. 913, 238 87 238 75 2005

20in 9.2aE+e6 1.*0E+ea 749 tab. 239 103 239 87 2010

2019 9.bnE+a6 2.35E+0m 756. 165. 256 113. 256 93 20t5

2020 7.7pE+64 p.75r+ca pie, 175. 238 119 238 96 202n

702% 7.tur+n6 3.14F+na 779 tat. 225 121. 225 98 2025

Polo 3.3tE+n6 3.e3F+na 779 tea. 279 123 279 99 203n

2035 3.'sE+n6 1.66F+0a pt., 193. 278 125 278 99 2039

20en 1.5tE+nt 1.'9t+na met. 199 Sa1 126 543. 100 20s0

20as 0, 3.79E+0a 6 706. C. 126 O. 100 2045

2050 0. 3.79,+0m o. 70m. D. 126 O. 100 2050

205% 0. 3.79t+ca n. 20a. O. 126 O. 100 2055

206n O. 3.79F*0s n. Pom. O. 126 O. 100 2060

2065 0. 3.79E+0a n. Poe. O. 126 O. 100 2065

207o 9 3.79E*0m a. 70a. D. 126 C. 100 2070

a. Unit cost at time of reactor discharge.

_ _ _ _ , _ _ _ , _ , , , , , _ , , _ _ _ _ _ _ _ _ _ , _ _ ,. ___ _ _
. , . . . . - - , . - - - . . , . ..

- - - - - - .- - - :- - - , - - . . >. .. . _ , _ _ . . .__ . _ __
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TABLE 10.E.141. Case 4A - Deferred Decision for Once-Through Cycle - Repository in Salt - Reference Treatment -
Total System Waste Management Costs Including Spent Fuel Handling and Storage -
5 Millions at 0% Discount Rate

2Eae79s osatv9a sra"77w ItFS4 PaCastED F a Ca ar.F 0 SPE=7 *aceaGFD "EPCS.79 Isr*4 ma57, 7a osCa. 7m pat <- pata. 8 uEt rett 70 ryst 70 r rt 7n tfuu, nif atuvtac I ts er 57Fsatt $ 7a c a t.F a qI 4n agy%g ar.1%s $7CJacF sap Fop wFpaS!? Cd37 09%7 vtaa.*..
........ ........ ........ ........ ........ ........ ........ ........ ........ ........ ........ ........ ....

19"o C. 9 112 e. 9. O. 6 c. 9 9 m. 132, 1960
19d* sw. 49, saa, a. D. IJ. 16, C. m. a. n. son. 1965
1990 tai. Pae, etc. lat. o. te%. 2ta. O, a, . ' . n, tent. 1990
1945 720, 7dt. 14ds. s tr. O. 516 61%. a. 9 9 6 ;#71 1995
pace 4a. gios, 22ea, yss. c. 931. togg, e, 9, et. 155, 7109 2000
200% 624 2388 3sts, 17sa. C. 1544 10AA. D. 6 1519, 2797 1s771 200$
20tr a,4, 1320 seam. 11,s. P. 23a7 104A. 6, n. 1471 540s. 7t693. 2010
201s tese, ato3, saas, sgs9 c. 32gP. toga, 0, e, 5693, 9012 92420 2015
707* t?sa. =947, 7051 ezze. O. a0%3. 1066. O. ". 71%I. 11591 ena27, 2020
2024 gaga, s3pt, att", tazo. 3. e415 1066 O. q. =a95 13mme. e 7 3'5 2025

203+ 1%et. osa7 c'60 e t aa. a. 5575 1066. c. 9 97a*. 156*c. St?to. 2030
703t 17 m t, tia7 eres. h 51 v. sil2 1064 O. n. 10?*5 173e7 Sa453 2035
20am 177t. 74%A. 163t1 4713. C. 696R. 106A. O. 9 11**". 18619 67F56 2000
20as tv,7, 77tm, is50s. 941%. O. 4975 1066 O. o. 12119, 19511 45060 2045
20%r t???. 77to. 1991". 9831 G. 6923 1066. O. O. 12215 19648 69972. 2050
2055 17??. 77t9 10510 Maa3. 3. 6973 10hA. O, m. 17215 196am. As172 2055
206n 17??. 7730 10516 toit. C. 6923. 1066. C. 9 12715 19 hap. 65372 2060
206% 1777 7719 10510 man 3. O. 6923 106A. D. 6 12215 196es, 6=472 2065
707e 1777 7739 105tn. 5ew3. O. 6923 1066. C. D. 12215 19642 69972 2070

. _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - -.
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TABLE 10.E.143. Case 4A - Deferred Decision for Once-Through Cycle - Repository in Shale - Reference Treatment -
Total System Waste Management Costs Including Spent Fuel Handling and Storage -
$ Millions at 0% Discount Rate

REacfD9 mEactos pra*T7e IgtSS PaCua:E0 PACra0F0 SaE%T PaceaCEO agPe .
Yn Isrem maSte TO * ate. 70 pata. Pacu. FJEL F 'EL TO FUEL TO FUEL Yn ITche to7att

vtae 13Fga SineagE 4TCeagr agtgG ag!hG agIkG STCBagE FSP EgP GFor3IT CC67 COST Teas
.... ........ ........ ........ ........ ........ ........ ........ ........ ........ ........ ........ ........ ....

1960 0 O. 137 O. O. O. c. n D. O. O. 132 1980a

1965 79 19 ama, c. O. 13 16 C. O. e. O. Sec. 1945

1996 tea, son. syo, tag. O. te5. 238 O. 6 n. O, tea 3 19e3
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TABLE 10.E.145. Case 4A - Deferred Decision for Once-Through Cycle - Repository in Salt - Reference Treatment -
Total System Waste Management Costs Including Spent Fuel Handling and Storage -
$ Millions at 7% Discount Rate
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TABLE 10.E.146. Case 4A - Deferred Decision for Once-Through Cycle Repository in Granite - Reference Treatment -
Total System Waste Management Costs Including Spent Fuel Handling and Storage -
$ Millions at 7% Discount Rate
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TABLE 10.E.147. Case 4A - Deferred Decision for Once-Through Cycle - Repository in Shale - Reference Treatment -
Total System Waste Management Costs Including Spent Fuel Handling and Storage -
$ Millions at 7% Discount Rate
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-TABLE 10.E.148. Case 4A - Deferred Decision for Once-Through Cycle - Repository in Basalt - Reference Treatment -
1Total System Waste Management Costs Including Spent Fuel Handling and Storage .

$ Millions at 7% Discount Rate
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TABLE 10.E.152 Case 4A - Deferred Decision for Once Through Cycle - Pepository in Basalt - Reference freatment
Total System Waste Management Costs Including Spent Fuel Handling and Storage
5 Millions at 10% Discount Rate

QF ae t it b E AC TO&- CFa*T9U IqF$a paguggFn pagegg[o qpFAT paresGED dEPNS.
Tc Itsen ea51% Yn ost<. 71 #AC*. PAC ** F JEL FUEL TG FnEL TO FoFL 70 Ifbey 7nTaL

vtac fers= .Treacr ST9sans a s,14c a r, T U. ar!*E STowatt Fa* rap DFP93YT CC37 C957 VEa#*

.==. ........ ........ ........ ........ ........ ........ ........ ........ ........ ........ ........ .... ... ....

196F * ^ 118 O. n. D. n. O. O. O. a. tie. 1990. .

192% '5 20 281 C. O. 6 7 O, 6 ". O. Ito. 1945

199r a2 9FC. can. As. J. *4 be. O. 3 n, e, pin. 1990

1994 %=, >=3. %A7 tim. 9 t e?. 16A. D. S. O. a. 12e0 1995

706n sp. pot. 6 a r. g%=, c. tea, pas, p. a. 11 po. 16A4 2000.

70^% !*3 **%. ??*. 2's. C. 727 228 D. 1 tub. 39a. pc7#. 2005

20tr tyt, isA, Sai, 2 gr . c. 201 228 6, e. puf, egg. 4052, 2010

701% tie, auf, ans, sac, c. 117 pag. 9 O, tie, %39, ta13 2015

pop, tut. 4an, ogs, 375 15k, 22a. n, n. tad, eas. tace. 2ogg*
.

P0ps ttA. c7*, mio, pit, r. . 364 22m. n, n, tse, 97n, 4713 acy$

pu3r 1 37 ''d. 42'. pas. . tut. 2/P. O. M. th9 997 3773 2030

PO4A s ta , t>3, can, 347, e. . v5#. can, c. n, 174, 1011 taCa. 2c35

20an ges. 4es. 9ts. 24a. u. 553. 224 O. 7 tPA. 1017, tA19 2000

70a% i t a. utt, 447 >*c. 7 .t $ s . 27A. n. O. 478 1r20 MPpu. ace $

703n 4t4 aan, ots, pau, n. 354 22m. 6 c. 478 1020. 1825 2050

pois tu. a**. esp. pa4 .i. 3se. 22P, 0, 3 tvn. Ic2q, taig. 205g

7 0 = r. tia, unn, ots, sto. c. 3S=. 2en. n. 6 17e. 1020 1d75 ?C6C

70As t**. aso. ots. pao. O. 35*. di9 O. O. '7A. 102n. 1n75 2065

707n ist. aso. 917 p*e. 4 3%4 228 6 6 174, sepn. ta25. 2070
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1ABLE 10.E.153 Case 48'- Deferred Decision for U and Pu Recycle - Repository in Salt - Reference Treatment l

Unit Power Cost for TRU-Waste Management Including Spent Fuel Handling and Storage j

4

P0wse RENEsa7 Ink tmPt3Cnyh7E0 avEtaGE DISC 00NTED avEkaGE D18CouMTE0 ave # AGE
(7 PC7) (R; PC 7)

umwo urLLmsewwa w!LL3/newe MILL 8/mewe
stae ankost CUMULaT!vE amedal tituuta?!vt ahhuat

C u* ul & T t '.Eanwual Cumulative 7 Eat
.=.. ....... .......... ...... .......... ...... ......... ...... .......... ....

1 74 1.7mFott a.92F+jt .P9 02 05 02 05 02 19759

1986 3.saE+11 1.*6E+17 .11 07 .11 07 .11 .06 1980

198% 6.epF+tt a.45F+17 .79 .12 .20 .11 20 .10 1985

1996 1.ttf+12 9.17t+tp .it .2t 31 .14 31 .17 1990

1995 1.A7E+12 1.63r+1= .78 .2a .28 .21 28 .20 1995

700n 2.3pE+17 2.6hf+31 .tm .Fk 30 23 30' 2t 2000

700% 2.anE+17 3.p?F+1t ,qm .29 38 25 38 23 2005

2010 2.3tE+12 5.0aF+1t .a4 .32 .a6 .26 46 .24 2010

2015' 2. tee +1R 6.15r+12 .73 .37 73 .29 .T3 .25 2015

702n t.npr+t2 7.t1Fett 1.19 .ag 1.19 .3t 1.19 .27 2020

2025 1.37E+12 7.9"E+11 1.91 56 1.91 .34 1.91 .2n 2025

203n 9.2tE+11 A.aaE*11 3.11 69 3.11 .36 3.11 .29 2030

203% a.9aE+11 4.76f*tt M.a6 82 5.86 .36 5.86 .29 2035

20ao 2.67E+10 4.#5F+14 7A.63 95 76.63 .39 76.63 .30 2040

204% 0. m.35F*tt 0 00 1.03 0.00 40 0.00 .30 2045

205n O. m.85E*19 n.on 1.0a 0.00 40 0.00 .30 2050

2059 6 4.mSE+11 0.06 1.0a 0.00 .a0 0.00 .30 2055

206n 0. 4.A5E+14 n.co 1.ee 0.00 40 0.00 .30 2060 |

2 69 0. P.45E*tt n no 1.ca 0.00 40 0.00 .30 20650

2070 0. R.85E+t3 n.on 1 0a 0.00 40 0.00 30 2070

- - - ._ ___ - -
- - - . - . . - -
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TABLE 10.E.154 Case 4B - Deferred Decision for U and Pu Recycle - Repository in Granita . Reference Treatment
Unit Power Cost for TRU-Waste Management Including Spent Fuel Handling and Storage

P0ere GENER&770' *t"O f p C P l*'7E D avEm GE DISC 0uh7EO avga GE 012Cou=7E0 avERaEEt a a

(7 PCT) 00 pC7)
umme wgtLppe.we MILL 3fa.we m!LL3ftwwe

vtae a%snaL Cv.trL & 71 v E ammaal CuautaT!vE .'.... Cu=ULattvE a4tuat CuMJLaffvE TEsea NdaL.... ...... .......... ...... .......... . . ....... ...... .......... ....

1975 3.faE+tt a.92E+tt .n3 07 05 02 05 02 1975.

.1980 3.eaE+tt 1.86t+17 .it .07 .11 .07 .tt .06 198n

1989 4.spE.11 a.e5E*17 .70 .tp 20 .11 .20 .30 1949

1990 1.ltE+17 9.37E+tp 11 .21 31 .t8 .It .t? 1990
399% 1.67F+t2 1.43E+11 .78 .2e .2A .28 .2s .20 1995

>

2006 2.32F+12 2.66E+11 .to .24 30 .23 30 .21 20$e
200* 7. set.jp i.97s*tt .ta .29 .38 .25 .34 .23 2005
2010 2.3st tp 5.0aE+11 .ah 37 46 .26 46 .2e 2016
7019 2.tnE+t> 6.15E+11 .77 .37 77 .79 77 .25 2015
7070 1.82F+t2 7.ttF+11 1.37 47 1.32 .32 1.32 .27 2020
7024 1.3?E+t2 7.898*11 2 15 59 2.15 35 2.15 .28 2025 '

2030 9.pgr+31 a. ear.ti 5.59 ofa 3.69 .37 3.69 .29 203o
703% 4.5nE+1g e.76E+11 7.oa 91 7.0a 40 7.09 .33 2035
70an 2.67E+13 a.85E+15 95.a2 1 04 95.e2 .et 95.47 .31 20ao
70am O. g.e5E+11 e.no 3 17 0.00 .a2 0.00 .31 2005
7056 n. n.A5F+11 n.no 1 19 0.00 .a2 0.00 .31 20$0

6

2059 0. m.e5F+11 n.cn 3.19 0.09 .e2 0.00 .31 2055
2060 c. a.n5E+13 n.no 1.19 0.0n .a2 0.00 ,31 2060
2064 0. 8.45E*tt n.no 1.19 0.00 42 0.00 .31 2069
207n 0. 8.85E*11 n.00 3.19 0.00 .aP 0.00 .33 2070

_ _ _ _ _ - _ _ _ _ _ . _ _ _ _ --- _. -
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TABLE 10.E.155 Case 4B - Deferred Decision for U and Pu Recycle - Repository in Shale - Reference Treatment
Unit Power Cost for TRU-Waste Management Including Spent Fuel Handling and Storage

P0 wen CENFhatt0L towntptrnNtti avtRaGE DISCouhfED AVERAGE DISCouhfFD avtRaGE
(7 PCT) 03PCf3

mwde wittg/sare MILLSpawwe ntLLSpawns
vtan anNnaL Ca>9LaffvE asuuat CtwoLaTIVE awwuat CUMJLativE ammu l

C J".UL a T I V E
a TEne

.... ...... .......... ...... .......... ...... .......... ...... ... ...... ....

1979 1.7mE+11 a.92E*tt .n9 02 05 .02 05 02 1975

19P6 3.4aE*ll 1.86F*17 .11 09 .it .07 .11 .06 1980

1984 6.8pr+31 a.a5F+17 .70 .t> .20 .it .20 .10 1985

1990 1.11E*12 9.178+17 31 2t .31 .18 .31 .17 1990

1994 1.h?E*12 1.63F+11 .pn .2a 24 .21 28 .20 1995

2000 2.3)E +1 P 2.64?*14 .in .26 30 .23 .30 .21 2000

200m 2.40F+12 3.P7f+11 .in .29 .34 .25 3m .23 2005

2016 2.3tf+17 9.64F+19 .a* .37 46 .26 .a6 .2s 20tn

20t* 2.tnr+t2 m.15F+1t 7a .37 7s .29 7s .25 2015

202n 1.8)f+12 7 11F*11 12% 46 1.25 31 1.25 .27 2n2n

2024 1.3?f*12 7.89F+11 2.12 .57 2.12 .3e 2.12 .29 2025

203n 9.2tF*tt e.a4F*tt 3.43 72 3.a3 .37 3.a3 .29 2030

203= s.Setest a.7hE+1t 6.53 87 6.53 .39 6.53 .39 2039

204n 2. ATE +to I.45E+1i n?.tg 1.01 87.19 40 87.19 .30 2040

20am o. m.n5f+tt n.nn 1.11 0.00 41 0.00 .30 2045

2050 0. m.95E*tt n.no 1.ta 0.00 41 0.00 .30 2050
|

205%' 0, p.a5F*tt r .nn t.ta 0.00 41 0.00 .37 2055

206n 0 8.k5F*ti n 60 1.ta 0.00 .at 0.00 .30 2060

2069 0 t.n5E*13 n a0 1.14 0.00 .at 0.00 .30 2065s

20?n 6 B.85E*li n.0L 1.la 0.00 41 0.00 .30 2070

|
L-..--------. - - - - - - - - - - - - - - - - - - - - - - - - - . - . - - - - _ - - - - - - - - - - - - - - - - - - - - - - - - - -.--- - - - - - - _ - - - - - - - - - - - - - - - - _ - - - - - - - - - - - - - - - - - - - - - ---- -- - - -
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TABLE 10.E.156 Case 4B - Deferred Decision for U and Pu Recycle - Repository in Basalt - Reference Treatment
Unit Power Cost for TRU-Waste Management including Spent Fuel Handling and Storage

echte CEwEsaT!ck nwnficeuw?EO avtaaGE DISC 0u=*ED AVERAGE DISC 01h7ED ave 4asE
(7 8C7) 00PC7)

zwHe u!LLStr=w9 "!LLS/Rawe "ILL3/R.we
.Eae a u w..a t Coptila f tvF awelaL Cuauta7tvE ahmuaL Cumula7tvt ammual Caputa?!vE vtae
.... ...... .......... ...... .......... ...... .........= ...... .......... ....

19?* 1.7aE+11 a.92E*19 .n5 02 05 02 05 02 1975

196n 3.4aE+t1 1 86t+tp .11 .07 .11 07 .11 .06 14ap

1999 6.SpF+11 a.e5F+1) .pn .32 .20' .it .29 .to 1995

1990 1.ttE+t2 9.17E+tp .it .21 .31 .19 31 .17 1990
,

1

1995 1.6?E+12 1.63E+11 .Pa .2a .28 .21 29 .20 1995

2006 2.33E*12 2.66E+11 .30 .26 .30 .23 .30 .2% .2000

200M 2.anE * f 2 3.87E+tt .38 .29 34 .25 .3a .23 2005

Poln 2.3tF +12 5.94E*tt .ah .32 .a6 .26 .a6 .2a 2010

201% 2.tnF+t2 6 15E+11 .Th .37 76 .29 76 .25 2015

2020 1.83E+t2 7.11E+11 1.27 .a7 1.27 32 1.27 .27 2020

2029 1.3rE*t2 7.49E+tt 2.ta .5m 2.ta .35 2.14 .2s 202s

203n 9.2tE+11 R taE*tt 3.a7 71 3.47 .37 3.a? .29 2036

Post a.5nF+11 8.76F*tt 6.99 .sa 6.59 .39 6.59 .30 2035

20ao 2.67E+10 8.R5E*tt 88.th 1.02 48.16 41 08.16 .30 20eo

20a* 6 a.95E*tt a.oD 1 13 0.00 .at n.On .30 20a5

205o 0, a.85E*tt n.en 1.16 0.00 41 3.00 .31 2050

2055 0. 4.PSE*tt m.co 1.th 0.00 41 0.00 .31 2055

20hn 0. P.RSE+11 e.no 1.14 0.00 41 0.00 31 2060

2 64 0. a.95E*11 n.00 1.16 0.00 41 0.00 .31 20650

2070 9. 8.85E*tt n.no 1.16 0.00 .at 0.00 33 2070

__
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TABLE 10.E.157 Case 4B - Deferred Decision for U and Pu Recycle - Repository in Salt - Referency,jreatment
Unit Fuel Cost of TRU-Waste Management Including Spent Fuel Handling and Storage 1

T w R,,p is ? tW0 t menUh7E O ave 9 AGE DISCouh7ED 4WE94GE 018CCuh7EO AVERAGE
(7 BCT) DOPCT)

KG n!SrMaaGEn 60LLa95/ES 07SCMaRGEO DOLLa95/us 015CMa9GED DULLa93 pas 315CMa98E0
vtat akNuaL CUMula?!wf s hhila L C '8"UL a 71 V E akNUaL Cd"ULaffvE aNhual Cd40La71VE YEAR
===. ...... .......... ...... .......... ...... .......... ...... .......... ....

1979 6.99E+05 1.78F+0A 12, 5. 12 5 12 5 1975

983 1.27E+06 6.93F*06 3n. 14 30 18 30 17, 19801

1999 2.saf+66 1.63F+07 59, 33, 55 30 55 28 1985 |

1990 a.07F +06 ' 3.17E+07 A1 5%. 83 a8 83. a5 1996

199% 6.218*ns 6.92E+07 79 64 75 57 75. 53 1995

2006 8.7aE+nn 0.86E+07 79 70. 78 62 79 57. . 2000

2009 9.09E+"6 1.aaE+0a ton. 77. 100 67 100 61 2005

201n 9.2aE+04 1.4nE*0m Sta. 84 Ila. 71. 114 64 2010

2014 8.gnF+nn 7.15E+pa ,77 97 177 76, 177 68 2015

7020 7.7pf+nk 2.75E*0s Pen. 117 280 85 280 71 2020

702m 7.tqF+n6 4.laE+0p 567 tae. 367 89 367 74, 2025

203o 5.3er+om 4.a3r+na 430 too. 539 95 539, 77 2030

203M 3.9aE+96 3 66F*ca 669 196. 665 99 665. 78 2035

70an 1.iiF+n6 3.72E+n* 1153. 729. 1333. 102. 1333. 79 20a0

70a4 S. 3.79F+0m tea. Pan. 148 103 tab. 79 Ross

2050 D. 3.798*0m n. Pa3. O. 10a. O. 79 2050

205% 0. 3.79F+9a n. ps3. O. 104 O. 79 2055

20ho 0 3.79E*Sa n, 743. O. 104 O. 79 2060

2064 0 3.79E*0m n. Pa1. D. 10a. C. 79 2065

207o e. 3.79E+ca . . . 7as. O. toe. O. 79, 2070

.

a. Unit cost at time of reactor discharge.
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TABLE 10.E.158 Case 4B - Deferred Decision ~ for U and Pu Recycle - Repository in Granite - Referygge Treatment
Unit Fuel Cost of TRU-Waste Management Including Spent Fuel Handling and Storage

f wa.ipt 7 pungggpng7ED avf84GE D18CouM7E0 AVERAGE DISCDUN7EO avEnggg
(7 PC71 (N)PC71-

NG SISrwaeGEn DDLLa P/uS OftemasGED 00LLatS/MG DISCwaeGEO 00LLaeS/zG O!StaanGEDs
*L&8 ' a*wnaL CuantaTtvt ahwual CuautaffvE a=hual CuauLaftvE A**uaL Cuauta?tvE tea *
.... ...... .......... ...... .......... ...... .......... ...... .......... ....

197% 6.99E+ng . i.taE+05 is. 5 12, 5 12 5 1978

19an 1.27E+na 6.93*+na 3o. 19 30 18 3e. 17 19ac

19a* 2.aaE+n6 1.63E*n? 5s. 39. 55, 30 55. 28 19a5

1998 4.07 E *06 . 3.17E*07 43. 56. 83 48 65 e5 199n -

199% 6.2tE*0A S.027*n? 75. 66 75 57 75 53 1995

2006 8.7aE+06 9.86E**t '79 70 79 62 79 57 2006

200s 9. nee +nt 1.saE*0a too. 77 100 67 100 61 2005

2010 9.2aE+66 1.96F*0a 915. es. 115 71 115 be. 20tn

7019 8.6aF+06 2.35E+0m t 8 4.' en. 186 77 186 68 20ts

8076 7.7st+en P.75E*0m 799 12n. 299 88 299 72 2020

702s 7 tgEen6 1.34E+op att. 1e7 411. 93. 411. 75 2024

7056 5.3tE*06 3.e3E+0m Sep. 18n. 602 98 602. 78 2010

203= 3.06E+en 3.66f+0m faa. Pit. 748 103 748 80 2035

pomo 1.59E+o6 3.79F*ca 191a. 739 153a. 106 153a. St. 20ae

70am o. 3.79E*0m P15. 765. 215 107 215 St. 2045

205n O. 3.79E*0m n. 779. O. 108 O. 81. 2050

2055 O. 3 79E*0a 0. Pfe. D. 108 D. 81 2055

706n O. 3.79F*0s 0. 770. O. 108 O. St. 2060

204% 0. 3.79E*0a n. 770. D. 108 O. St. 2065

P076 n. 3.79E*0s 3 770. O. 108 O. St. 2070

a. Unit cost at time of reactor discharge.
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TABLE 10.E.159 Case 4B - Deferred Decision for U and Pu Recycle - Repository in Shale - Referen e Treatment
Unit Fuel Cost of TRU-Waste Management-Including Spent Fuel Handling and Storage I

.

TwRupd? timmiscouk?ED avEtaGE DISCOUh7E0 avgaast O!SC0JM7F0 AVERAGE
(7 PC7) (H) pC 71

vtan aWNoel Ctmutaf tvg
~ 00LLaRS/r2 ntSCwanGED 00LLase/us 015CuaeGED ODLLae3/us 015 Cwa #GE0EG o!SfwaBCEO

C J".JL a f t v E
vEneahuual C9puta71VE ahNual CU"ulaftvE ANNUAL

... ...... ........ ...... ........... ...... .......... ...... .......... ......

1979 6.99E*D5 f.78E*06 17, 5 12, 5 12 5 1975

1986 1.27t+e6 6.93E+0S 3n. 39 30 18, 30 17 1940

1949 2.e#E*06 1.63E+0? 55. 33. 55 30 55 28 1985

1990 8.0?f+06 3.37E*07 m3. 56 83 48 53 45, 1990
|
i

199% 6.2tE+06 6.02E+0? 75. 66 75. 57 75 53 1995

2000 8.7eE*06 9.86E*C7 79 70. 79 62 79 57, 20nn

200% 9.09E+n6 f.eeE+0s 106 77 100 67 100 61 2005

Polo 9.2aE+66 1.90E+0m tie. 84. Ite. 71. tie. 64, 2010

2 14 8.hnE*e6 2.35E+0a 38p. 97. 182 77 182 68 20150

2026 7.7pE+n6 2.75E*Ca 793. 119, 293 84 293 71 2020

2029 7 1gE+n6 3. tee *0a 407 tag, a07 90 807 75 2025

2036 5.3tt+66 3.43E*0e 996 977. 596. 97 596 77 2036
*

203% 3.9mE+e6 3.66E+0p 741. PCs, 743. 102. fat. 79 2035

toen 1 53E+06 1.79E+0a tut?. 736. 1517 105 1517, 80. 2040

20e5 C. 3.79E+0m 73e. 76n. 230 107 230 St. 20e5

205n 0, 3.79E+0a e. 765. O. 107 O. 81 205n

205% 0. 9.79E*0m n. P66. O. 107 O. St. 2055

2060 0. 3.79E*0s 0. 766. O. 107 O. 81 2060

2065 0. 3.79E*0m e. 766. 6 107 O. 83, 2065

2070 0. 3.79E+0a o. P66. O. 107 O. 81 2070
|

.

a. Unit cost at time of reactor discharge.
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TABLE 10.E.165 Case 4B - Deferred Decision for U and Pu Recycle - Reference Treatment
Costs for Geologic Repository in Granite
5 Millions at 0% Discount Rate
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TABLE 10.E.168. Case 4B - Deferred Decision for U and Fu Recycle - Reference Treatment -
Non-Spent Fuel System Waste Management Costs for Repository in Shale -
5 Millions at 0% Discount Rate
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TABLE 10.E.176. Case 4B - Deferred Decision for U and Pu Recycle - Reference Treatment -
System Spent Fuel Management Costs -
$ Millions at 10% Discount Rate
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| 1946 n. n. 11a, n. n. D. O. O. C. d. O. 110 1980
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' 91 89 5%. 70, 20s. n. O. 6 7 c. O. O. F. 339 1995
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| 199c .>. ,On. .... .. n. 69 .. C. n. c. e. anc. 399e
l
'

1905 a r. . P13 567 tie. O. 137 164 D. O. ". a. 1260 1995

| 200n er. =a2. san. $$3. a. 19.. r35, o. ,. n. c. ,.3., 20nc

2004 tet. 14A. 775 p7a. c. 2e7 300 O. m. a. a, pnna. 2095

201n 133. at*, a ce, p ap , n. 790 352, t, n. e. n. 2260 2010

201% tin. .e7 Sag, 2A0. n. 317 37t. ti, n. n. S. 2.pt. Pet $

202n ta.. see. aas. 'vt. 6. 43=. 375. 32. D. O. P. 7519 7020
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. 2055 tun. set. 962 p?t. O. 340, 375 67 9 n. e. 2660 2055I

PU6n 114 Ent. 947 771 P. 358 375 67 9 O. n. 7660 2060
| 706% two. 501. 967 773 *. 33". 375 67 9 n. O. 2660 2065|

207n tim. Mnt. 967. 773. C. 3te. 374 st. 9 n. n. 2660. 2070
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TABLE 10.E.181. Case 1 - Low Growth - Once-Through Cycle - Repository ir. Salt - Reference Treatment -
Unit Power Cost for TRU Waste Management Including Spent Fuel Handling and Storage

PC ra CEhEEa?!Dh owntsten*7FO AVERAGE DISCUuhTED AVERAGE D13C00h7F0 ave # AGE
(? #C71 (10 8C 7)

#wde mfLLP/wwas utLL3fn.we MILLepa.we

Cu".uLaf tvf
VE4uvtan aNNost C0=vtaT1vE amApal CuautaffvE ah%uat CumutaffvE AN=Jat

... ...... ........ ...... .......... ...... .......... ...... .......... ......

197* 1.?aE+11 a.9PE*19 .a5 07 05 02 05 07 1975

1996 3.aaE+11 3.a6r+tp .31 07 .31 07 .11 06 1980

1949 5.5aE*11 a.33F+tp .33 .ta 31 .12 31 .11 1985

199n 8.7mE+11 7 act+17 .aa 30 .aa 25 .ae .22 1990

1994 1.teF+17 l.3tE*t1 .a7 37 .a7 .31 .a7 .26 199%

200e 1.a9F+17 1.09F+1i ,50 .at 50 3a 50 .31 200n

700% 1.5tE+17 P.75F+tt 66 .am 60 .37 60 .33 2005

20tn t.aaF+17 4.a*f*11 .69 5m 69 .39 69 .34 2010
1

701% 1.2aF+tp a.16F+11 .77 53 77 .at 77 .36 201%

202n 1.Opf+17 a.71E+14 .e7 .57 97 .'? 92 .36 202e

2025 7.6tE+11 S.1%F+1t 1.03 60 1.03 .a3 1.03 37 2e2%

703n a.5sE+11 5.a5E+11 1.46 6a 1.56 .aa 1,56 .37 2639

703M 2.29t+11 5.60f+11 p.19 69 2.39 aa 2.39 .37 2035e

20an t.a7F+10 5.65F+tt 71.61 .fo 21.63 .a5 21.61 .37 loso

poem o. g.65F+11 a.no .?P n.00 .e5 0.00 .37 20a5

7050 n. 5.65F+t1 n.eo 7t 6.00 .a5 0.00 .37 205n

45 0.00 .37 2055205% 0. 5.65f+tt a.en 79 *
,

706e 0. 5.65F+1t a.en 73 0.00 .e5 0.00 .37 206n

706M 0. M.65E+11 a.en 71 0.00 .a5 0.00 .37 2065

70?n 9. M.65'*tt n.no 75 0.00 .e5 0.00 37 2070
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TABLE 10.E.182. Case 1 - Low Growth - Once-Tnrough Cycle - Repository in Salt - Reference Treatment -
Unit Fuel Cost for TRU Waste Management Including Spent Fuel Handling and Storage (a)

t=a pJ7 omntstenk?EO avga GE CISC0uh7ED anE8 AGE DISCouwfFD ave 8 AGEu a
(7 pC73 Do PC7)

's n!5twaaGES P0itatmia. DIStua#GEC DCLLaaS/uS DISCwaaGED rCLLaaSpaG O!SCwaoGED
vtaa awNuaL C u*tiL a 71 w E a=6ual CumugattwE thmgaL CU"ULattVE a%hgat

Cu".JLattwE .'Eaa.*.. ...... .......... ...... .......... ...... .......... ...... ... ...... ...

197% 6.9eE+e5 1.76E*06 17. 5. 12 5 12 5 1975

1980 1.PtE*n4 b.83E*ns 3n. 18 30 18 30 17 1980

19a% 2.csE*nh 1.93F*cv an. 37 64 32 sa. 33, 1985

1999 3.7sE*eh P. nae +ot 918 81. 119 66 119 60 1990

1994 a.3tE+*6 a.a7F+n? 177, 199. 127 SP. 127, 7s, 1995

7000 5.wef*c6 7.a2f*0? 931. 1t?. 131. 92 131. 62. 200c
1

2005 5.6AE+e6 !.*3F+0a 16*. 120. 100 99 160 68, 2005 |

20!e 5.9tF+nn 1.32F+en 16a. 1 31. 169 105 168 97 2010 I

2014 5.3SE*"6 1.61E+0a tap. 13a. te2 139 162 95 2nt* I

20?r s.57t+eg 1.a5E+en 307 146. 207 112 207 97 202r

2 29 3.9sE+c6 P.07F+0m 194 151, 198 Its. g99 97 25250

203n 3.PtF+e6 P.PaF+ca ppg. 155, 221. 115 221. 98 2030

203% 1.AtF+c6 7.35F+0m 79m. 161. 298 116 796 98 2n35

20an a.asE+r9 7.42E*ca 179 16a. 375. lib. 375. 98 20a0

20am c. p.a2E*0s n. 169 C. 116 C. 9P. 2045

2056 c. 7.a2E+0m e. ife. C. 116 c. 98, 2050

705% 0 2.a7F+sa n. !?e. C. 116 C. 96 2c55

206n O. 7.a2E+0a n. 17n, t. 116 O. 98 2060

02 6% o. P.42E+0p e. 17s. D. 116, D. 9e. 2065

porn e, p.arE+0, a. 17n. c. 116 c. 9s. 2076

a. Unit cost at time of reactor discharge.
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TABLE 10.E.186. Case 3 - Low Growth - U and Pu Recycle - Repository in Salt-1985 - Reference Treatment -
Unit Power Cost for TRU. Waste Management Including Spent Fuel Handling and Storage
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TABLE 10.E.187. Case 3 - Low Growth - U and Pu Recycle - Repository in Salt-1985 - Reference Trea'mpnt -
Unit Fuel Cost for TRU Waste Management Including Spent Fuel Handling and Storage af
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TABLE 10.E.lB8. Case 3 - Low Growth - U and Pu Recycle - Repository in 1985 - Reference Treatment -
' Costs for TRU Waste Transportation -
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TABLE 10.E.190. Case 3 - Low Growth - U and Pu Recycle - Repository in 1985 - Reference Treatment .
Costs for Geologic Repository in Salt -
5 Millions at 0% Discount Rate
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A-E architect-engineer EPC engineering, procurement, and con-
struction

AAPG American Association of Petroleum
Geologists ER environmental report

ACVSF air-cooled vault storage facility ERDA Energy Research and Development
Administration

AEC Atomic Energy Commission
ESFS engineered safety features systems

AECL Atomic Energy of Canada, Limited
ESPS essential spray pond system

AFR away from reactor (spent fuel
storage) FFTF Fast Flux Test Facility

AGNS Allied General Nuclear Services FP fission product

ALARA as low as reasonably achievable FPF fuel packaging facility

AMAD aerodynamic median activity dia- FRP fuel reprocessing plant
meter

FRPF fuel residue packaging facility
AP activation product

FRSSF fuel residue subsurface storage
API American Petroleum Institute facility

APS atmospheric protection system FRVSF fuel residue vault storage facility

BFRSS Barnwell ruel Receiving and FRW fuel residue waste
Storage Station

FSA fuel storage area
BIF bitumen immobilizatior, facility

FSAR Final Safety Analysis Report
BPPF Barnwell Plutonium Product Facility

FSB fuel storage basin
BTU British thermal unit

FTF fuel transfer facility

BWR boiling water reactor
FTP fuel transfer platfonn

CANDU Canadian heavy water reactor
GEIS Generic Environmental Impact

CDC canister decontamination cell Statement
(cubicle) HCF hulls compaction facility

CFR Code of Federal Regulations
HEPA high-efficiency particulate air

CIF cement immobilization facility (filter)
CRWM Committee on Radioactive Waste HEU highly enriched uranium

Management
HLLW high-level liquid waste

CUP cask unloading pool
HLW high-level waste

CVCS chemical and volume control system
HM heavy metal

CW canistered waste HMA hot maintenance area
CWMS Generic Environmental Impact State-

HMF hulls melting facility
ment on Commercial Radioactive
Waste Management, DOE-1559 HPF hulls packaging facility

CWTF cask weld test facility HTD hulls transfer device

DCSF dry caisson storage facility HTGR high temperature gas-cooled reactor

) DF decontamination factor HVAC heating, ventilation, and air con-
ditioning

DOE Department of Energy ,

IAEA International Atomic Energy Agency
DOG dissolver off-gas

IBC in-bed combustion
D0P dioctyphthalate

ICPP Idaho Chemical Processing Plant
DOT Department of Transportation

IFSF independent fuel storage facility
DTPA diethylenetriamine pentaacetic acid

IIPSF independent interim plutonium oxide
ECWS essential cooling water system storage facility

__



ILLW intermediate-level liquid waste PFRF packaged fuel receiving facility
ILW intermediate-level waste PNL Pacific Northwest Laboratory
INEL Idaho National Engineering P0G process off-gas

Labora tory
PSAR preliminary safety analysis report

IPSF interim plutonium oxide storage
facility PWR pressurized water reactor

R&D research and developmentISFS independent spent fuel storage
RAA restricted access areaISFSB independent spent fuel storage

basin RB0F receiving basin for offsite fuel,

ISFSF independent spent fuel storage Savannah River Plant
facility RCS reactor coolant system

LAA limited access area SCRA storage cask receiving area
LEU low-enriched uranium SCSF surface cask storage facility
LHD load-haul-dump SF spent fuel
LLW low-level waste SFPF spent fuel packaging facility
LN liquid nitrogen SFRSS spent fuel receiving and storage2
LSA low specific activity station

LWBR light water breeder reactor SFSF spent fuel storage facility

LWR light water reactor SHLW solidified high-level waste
M&M men and materials SNM special nuclear material, i.e.,

" " " ""
MFBM thousand board feet measure

SRP Savannah River Planc
MFRP General Electric Company's Midwest

Fuel Reprocessing Plant SSC sealed storage cask

M0X FFP mixed oxide fuel fabrication plant SSCF sealed storage cask facility
MP mine production TBP tributyl phosphate

MSRE molten salt reactor TD theoretical density
TN Transnuclear Inc.MTHM metric ton heavy metal

NAA normal access area TRU transuranic
TSA transuranic storage areaNAC Nuclear Assurance Corporation
TWCA Teledyne Wahchang AlbanyNAS National Academy of Sciences
U-F urea-formaldehydeNASA National Aeronautics and Space

Administration VE ventilation exhaust
NFS Nuclear Fuel Services V0G vessel of f-gas
NHLSW non-high-level solid waste WBS water basin storage
NLI National Lead Industries WBSF water basin storage facility
NRC Nuclear Regulatory Commission WBSFJF water basin storage facility for
NSSS nuclear steam supply system packaged fuel

WCC waste calcination cell (cubicle)NWTS National Waste Terminal Storage
WCF waste calcination facilityORIGEN a computer program to calculate

isotopic composition of irradiated WIPP Waste Isolation Pilot Plant
nuclear fuel

WTEB waste tank equipment building
ORNL Oak Ridge National Laboratory

WVC waste vitrification cell
ONWI Office of Nuclear Waste Isolation

WVF waste vitrification facility
OWI Office of Waste Isolation
P-T partioning and transmutation
PCWS plant cooling water system

L__________________ _ ___________ - . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . .
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MEASUREMENT UNITS AND CONVERSIONS

This report preferentially uses the metric system of measurements as defined by the
International System of Units (SI). Comon English units are of ten also included in parentheses.
Prefixes used with the metric units are defined as follows:

Prefix Abbreviation Factor
9giga G 10
6mega M 10
3

kilo k 10

10-2centi c

10-3milli m
-6micro u 10

10~9nano n

The following lists identify the symbols used in this report and the factors for converting
between the 51 and English units.

Symbols for metric units used in this report are:

Symbol Name

*C(a) degree Celsius
d(a) day

g gram

h(orbr) hour

ha hectare
kWh Kilowatt-hour
J joule

t liter

m meter

min minute

M gram-mole /li ter

MT metric ton
MW-hr
(orMWh) megawatt-hour

s(orsec) second

W watt

a. Units which are not strictly SI but which
are widely used.



f

Symbols for other units used in this report are:

Symbol Name

atm atmospheric pressure

BTU British thermal unit
C1 curie
*F degree Fahrenheit

ft feet
gal gallon
in. inch
lb pound

MFBM thousand board feet measure
psi pounds / square inch

R roentgen

rem roentgen equivalent man
yd yard

yr year

To convert metric to English, multiply by:

Me tric English Factor
'C *F (*C x 9/5) + 32
cm inch 0.3937

ha acre 2.47

kg lb 2.205

km mile 0.6214

1 gal 0.2642

m ft 3.281
2 2

m ft 10.76
3m MFBM 0.424
3 3

m ft 35.31
3

m gal 264.2
3 3

m yd 1.308

MT' ton 0.9070

W BTV/hr 3.413

W-s/kg "C BTU /lb 'F 2.39 x 10-4

W/m 'C BTV/hr-ft 'F 0.576

. - - _ - - _ -__--_-_ _ _-
.

. . .
.



To convert English to metric, multiply by:

English fttric Factor

acre ha 0.405

BTU W-hr 0.2931

BTU /lb- F W-s/kg *C 4187

BTU /hr-f t- F W/m- C 1.735

*F C ( F-32) x 5/9
ft m O.3048

2 2
ft m 0.0929

3 3
ft m 0.0283

gal t 3.785
3 3.785 x 10-3gal m

inches cm 2.540

lb kg 0.4536

mile km 1.609
3

MFBM m 2.360

ton MT 1.103

yd ,3 0.76463


