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P 1.0 SUMMARY

This report was prepared in support of the “Environmental Impact Statement on Management
of Commercially Generated Radioactive wastesd, DOE/EIS-0046-D. The scope of this report is
limited to technology for management of post-fission wastes produced in the commercial nuclear
power light-water reactor (LWR) fuel cycle. Management of spent fuel (as a waste), high-level
and other transuranic (TRU) wastes, and gaseous wastes are characterized. Non-transuranic
wastes are described but management of these wastes, except for gaseous wastes, is excluded

from the scope of this report.
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Information was developed in sufficient detail to enable environmental impact assessments
of the waste management activities to be made. These assessments are contained in a companion
document, "Environmental Aspects of Commercial Radioactive Waste Management," DOE/ET-0029.

The contents of this report and the location where each topic is discussed in this summary
are as follows:

Report Summary
Section i Title Section
3 Bases and Background Information 1.1
4 Waste Treatment Technology B2
5 Interim Storage Technology 1.3
6 Waste Transportation Technology g
7 Final Isolation Technology 165
8 Retired Facilities Decommissioning T .6

Technology
Thorium Fuel Cycle Considerations i
10 Waste Management System 1.8

1.1 BASES AND BACKGROUND INFORMATION

Information contained in the section on bases and background information includes:

Report Summary
Section Section 3 Topics Section
e Fuel Cycle Options Tl
3.2 Primary Fuel Cycle Facilities Pl
Fad Waste Descriptions and j T e

Classifications
3.4 Waste Management Alternatives sl 8
3.5 Secondary Wastes Paliad
3:0 Scope of Technology and Facility 1.1.6
Descriptions
3.7 Accident Analysis Basis Tobad
3.8 Cost Analysis Basis Vaka8
3.9 Safequards and Physical Protection [
Requirements Bases
3.10 Fuel Cycle Projections Tt
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1.1.1 Fuel Cycle Options

The three basic nuclear fuel cycle options considered in this document are: 1) the once-
through cycle, 2) the uranium-only recycle case, and 3) the uranium-plutonium recycle case.
Two variations are also considered: 1) the deferred cycle, where the decision for disposal or
reprocessing of spent fuel is delayed for a number of years, and 2) delayed repository
availability.

In the once-through fuel cycle, irradiated fuel assemblies are isolated as a waste
without reprocessing. The reference once-through cycle provides 6.5 years storage of unpack-
aged spent fuel in water-cooled storage basins (either at the nuclear power plant or at an
offsite independent spent fuel storage facility), followed by packaging and final isolation
in a geologic repository.

The underlying assumption of the uranium-only recycle case is that spent fuel will be
reprocessed to recover the residual uranium for recycle without plutonium recycle. In the refer-
ence uranium-only recycle case it is also assumed that all spent fuel storage requirements can
be met by nuclear power plant storage basins and reprocessing plant basins. During reprocessing,
uranium and nlutonium are separated and purified by the Purex solvent extraction process; the
uranium is converted to UF6 and returned to the enrichment plant and plutonium is either
1) stored in an oxide form for future use or disposal, or 2) combined with the high-Tevel liquid
waste during solidification and ultimately sent to a geologic repository.

In the plutenium and uranium recycle case, the purified plutonium product is converted to
PuO2 and then blended with UO2 for incoporation in mixed-oxide (MOX) fuel elements for recycl=.
The recycle uranium is converted to UF6 and returned to a uranium enrichment plant as in the
uranium-only recycle case.

1.1.2 Primary Fuel Cycle Facilities

The primary fuel cycle facilities in which the post-fission fuel cycle wastes originate
include:

1. Nuclear power plant. A 1200 MWe plant is described.

2. Independent spent fuel storage basin (ISFSB). A basin having capacity to store fuel
assemblies containing 3000 MTHM and to receive and ship such elements at rates of
500 MTHM/yr is described.

3. Fuel reprocessing plant (FRP). A 2000 MTHM/yr plant is described.
4. Mixed-oxide fuel fabrication plant (MOX FFP). A 400 MTHM/yr plant is described.

These facility descriptions provide a basis for estimating the quantities and characteristics of
the wastes to be treated and provide perspective for waste management costs and construction
requirements.
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1.1.3 Waste Descriptions and Classifications

The primary wastes, which result from operation of the primary facilities, are classified
by radiation level and by transuranic element content as well as by waste category (e.g., gaseous,
liquid, combustible solid, failed equipment, etc.). Both the non-TRU and TRU wastes from the
post-fission LWR fuel cycle are described even though non-TRU waste management, except for
post-fission gaseous wastes, is outside the scope of this report.

Data are summarized in Tables 1.1.1 and 1.1.2 for the primary wastes for both the once-
through and the plutonium plus uranium recycle cases. Wastes for the uranium-only recycle case
are in most cases not markedly different from those of the plutonium plus uranium recycle case.

TABLE 1.1.1. Primary Wastes from Facilities Generating TRU Wastes

Radionucl  _e Content, Ci/MTHM(a)

Volume, Fission Activation
Facility and Waste Type Fuel Cycle m3/MTHM Products Actinides Products
Nuclear power plant Once-Through
spent fuel(b) 0.4 3x10% 1 x10° 2 x 104
FRP(C) Recycle
Fuel residue 0.32 8 x 102 1 x 10° 9 x 103
High-Tevel 1iquid 0.6 1 x10% 2 x10? "
waste
=% 6 2 -2 -1
Gaseous wastes 1.8 % 10 8 x 10 4 x 10 6 x 10
Combustible and 1.8 2 x10' 1 x10? st
compactable wastes
Miscellaneous 1iquid 0.15 2 x 102 2 x 10° e
and particulate solid
wastes
Failed equipment and 0.65 3 4 x 10] --
noncombustible wastes
MOX FFP Recycle (d)
Gaseous wastes 22 105 ; -- 4 x 10-2 --
Combustible and 0.12(d) . 1 x 102 b
compactable waste
Miscellaneous liquid 0.074(d) -- 2 X IO] --
and particulate solid
wastes
Failed equipment and 0.080(d) - 1 101 --

noncombustible wastes

a. Ci/MTHM of spent fuel; in the MOX FFP cases, multiply by 5 to obtain
Ci/MTHM fabricated. Based on 0.5 yr after discharge for spent fuel, 1.5 yr after
discharge for FRP, and 1 yr after reprocessing for MOX FFP.

b. Spent fuel is a waste only in the once-through fuel cycle.

c¢. Excluding some wastes from the storage basin and UF6 conversion portions of the FRP
(which are included in Table 1.1.2). 3

d. m3/MTHM reprocessed. Multiply by 5 to obtain m°/MTHM of MOX fuel fabricated.
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TABLE 1.1.2.

Wastes

Radionuclide Content, Ci/MTHi?)

Primary Wastes from Facilities Generating Non-TRU

Volume, Fission Activation
Facility and Waste Type Fuel Cycle m3/MTHM Products Actinides Products
Nuclear power plant Recycle or
once-through
Combustible and com- 5.4 A 2 x 107!
pactable wastes
Miscellaneous Tiquid 9.5 1 x108 - 4 x 10!
and particulate solid
wastes
Failed equipment and 1.2 5xWr L. 5 x 105
noncombustible wastes
ISFSB Once-through
Gaseous wastes 7 x 106 X ]0'2 -- X 1076
Combustible and com- 1.2 B Rt x 1073
pactable wastes
Miscellaneous liquid 0.052 3 -- 6 x 10-]
and particulate solid
wastes
Failed equipment and 0.16 2 x1073 - 4 x 1074
noncombustible wastes
FRP(b) Recycle
Gaseous wastes 1.3 x 100 x 1077 5 x 1073 =
Combustible and 0.66 x102 351073 6 x103
compactable wastes
Miscellaneous 1iquid 0.59 2 7x103  5x10!
and particulate
solid wastes
Failed equipment and 0.06 L L 3 x 1074

noncombustible wastes

a. Based on 0.5 yr after discharge for nuclear power plant, 3.5 yr after discharge for
ISFSB, and 1.5 yr after discharge for FRP.
b. Some wastes from the storage basin and UF6 conversion portions of the FRP.

1.1.4 Waste Management Alternatives

Alternative methods described for managing the various TRU and gaseous wastes are summarized
in Table 1.1.3.
in detail.

In many cases, other alternatives were also considered, but are not described
Many of the interim storage alternatives were evaluated for independent federal
Tocations as well as for on-site application.

Final dispositon of treated wastes will involve isolation in a geologic medium; salt is
the reference medium but others were considered and described. The waste management alterna-
tives of Table 1.1.3 that are indicated by asterisks make up the remainder of the reference

integrated waste management system for the indicated fuel cycle.




(a)

TABLE 1.1.3. Summary of Waste Management Alternatives Described

(b) Interim Storage Waste
. Naste Type - Fuel Cycle ™ ______ Maste Treatment _of Treated Wastes Transportation
* $=3. 5t > -
Spent fuel 1 Packaging Unpackaged - water basjn Rail
Packaged - water basin!C Truck
Packaged - dry caisson(c)® 8arge
Packaged - surface cask'C ()
Packaged - air cooled vault ~
" £ ® (d) St
High-level liquid waste 2,3 Vitrification Liquid HLW - tank o Rai
Calcination Solid HLW - water basin, Truck
Solid HLW - sealed cask' -’
* (c)* -
Fuel residue 2,3 Package without compaction Near—?u(far.e caisson' "’ Rail
Compaction of hulls Vault'c) Truck
Melting of hulls
Sin X (d) . *(c 5
Failed equipment and 2,3 Package with minimum treatment ILN,‘d\ - outdoor,and indoor ; \ Ra 2
noncombustible waste LLW'®’ - outdoor and indoor'© Truck
*
Combustible and compactable 2,3 Incineration as ILW and LLW
waste Minimum treatment
*
Degraded solvent 2,3 Incineration --
*
Liquid wastes and particu- 253 Cementation as ILW and LLW
late solids Bitumenization
Plutonium 2b Conversion” to Pu0, Vault Rail ,
Truck
*
0ff-gas particles 2,3 HEPA filtration as compactable waste
FRP disolver off-gas 293 I removal (silver-loaded adsorbent) as LLW
C removal (molecular sieve) as LLw "
Kr reroval (cryogenic) % Gas cylinder in vault
Combined I + C + Kr removal
Process off-gas 2,3 I removal (silver-loaded adsorbent) as LLW
N
Ventilation air 243 Group III filter/HEPA filter as compactable waste

Sand filter/HEPA filter
Deep-bed fiber filter/HEPA filter

a. Asterisks denote companents of the reference waste management system.
b. Fuel cycle 1 is the once-through case, fuel cycle 2 is the uranium-only recycle case (2b denotes the case in which the plutonium
is purified and stored separately), and fuel cycle 3 is the plutonium plus uranium recycle case.
c. This system might be necessary only in the case of deferred repository availability.
d. HLW denotes high-level waste, [LW denotes intermediate-level waste, and LLW denotes low-level waste. A packaged waste surface dose

rate of 0.2 R/hr is the dividing line between LLW and ILW in this report.

1.1.5 Secondary Wastes

Secondary wastes are wastes produced during management of the primary wastes. Such
wastes generated in the reference integrated waste management system for the plutonium plus
uranium recycle case are summarized in Table 1.1.4. Comparison of these data with those for
the primary wastes (Table 1.1.1) shows the secondary waste volumes to be generally about 15% or
less of that of the corresponding type of primary waste except for the miscellaneous liquid and
particulate solid wastes; the volume of secondary TRU waste of this type is actually greater
than the volume of primary TRU waste of this type. The greater volume is caused by the incinera-
tion of the primary combustible waste, which results in the generation of secondary waste
off-gas scrubber solution as well as incinerator ash. An overall reduction in total waste
volume does result from incineration, however, because the volume of incinerator ash and
scrubber solution is much less than the volume of combustible waste.

R .
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TABLE 1.1.4. Secondary TRU Wastes from Reference Recycle System

Radionuclide Content, Ci/MTHM(2)

Facility and Volume, Fission Activation
Waste Type m3/MTHM Products Actinides  Products
FRP
Combustible and com- 0.28 3x107" sx103  9x103
pactable wastes
Miscellaneous liquid and  0.287 7 1 x 102 9 x 107
particulate solid
wastes
Noncombustible wastes 0.075 1x30 2x30'  9xi0!
MCX FFP
. (b) -4
Combustible and com- 0.006 -- 2 x 10 --
pactable wastes
Miscellaneous liquid and  0.069(P) = 4 x 10 £
particulate solid
wastes
Noncombustible wastes 0.001(b) = 1 x 1073 --

a. Ci/MTHM reprocessed; in the MOX FFP cases, multiply by 5 to obtain Ci/MTHM
fabricated. Based on 1.5 yr-aged fuel at FRP and 1 yr after reprocessing

for MOX FFP.

b. m3/MTHM reprocessed. Multiply by 5 to obtain m3/MTHM of MOX fuel fabricated.

1.1.6 Scope of Technology and Facility Descriptions

The bases for the facility design concepts and the way these concepts were developed are
detailed in Section 3.6. Experts in each of the areas of waste management technology selected
the design alternatives and the reference processes (from those identified as commercialized or
available technology) and developed preliminary facility descriptions. - An architect engineering
firm completed the facility descriptions, developed the capital cost estimates, and estimated
the construction requirements and impacts.
of potential emissions and accidents, costs and safeguard requirements was then consolidated

This information along with results of evaluations

and presented in a standardized format, that included:

1. Process Alternatives
Facility Design Bases
Process Description

Facility Description

Secondary Wastes
Emissions

W N OO BAw N

Decommissioning Considerations
9. Postulated Accidents

10. Costs

11. Construction Requirements

12. Effects of Fuel Cycle Options

Operatirg and Maintenance Requirements

pore




1.1.7 Accident Analysis Basis

The primary emphasis in the analysis of accidents was to identify accidents with potential
for offsite radionuclide releases; however, accidents with a potential for internal contamina-
tion or increased exposure to workers were also identified. An accident spectrum was developed
which is believed to be generically representative of potential accidents in commercial radio-
active facilities, although many of the postulated accidents might be eliminated by advanced
plant design or operational techniques. Accident frequencies and source terms were estimated
and the accident scenarios were classified into three accident severity groups: minor,
moderate, or severe depending on the quantity of hazardous material released or the extent
of increase of radiation fields in occupied zones.

1.1.8 Cost Analysis Basis

The radioactive waste management costs are detailed as capital cost, operating cost,
and levelized unit costs for the various waste management facilities and systems:

e (apital costs are derived by estimating requirements for major equipment, buildings and
structures, site improvements, and direct construction labor, and factoring these direct
cost estimates to generate other direct costs as well as indirect construction costs,
architect-engineer (A-E) costs, and owner's costs. Owner's costs consist of all costs
incurred by the owner within his own organization in connection with the facility con-
struction which normally do not form a part of the A-E or contractor scope of work. OQOwner's
costs include such things as interest during construction, land acquisition costs, equip-
ment spares, startup costs, insurance, etc. The sum of the above components is the
reported total capital cost.

e Operating costs include labor, process materials, utilities, maintenance, overhead, and
other miscellaneous items identified with the labor force or production. The number of
man-hours, quantities of materials, and requirements for utilities have been derived in
each case from the facility descriptions. The allowances for maintenance materials,
overhead and miscellaneous costs have been derived by factoring either capital or direct
labor costs.

e levelized unit costs are calculated charges per unit of production sufficient to recover
all capital including interest charges on debt and equity and pay all operating expenses
including taxes and insurance. For this study, weighted costs of capital (interest charges
on debt and equity) are estimated at 7 and 10% for government and private facilities,
respectively. Unit cost ranges for government facilities corresponding to a range of cost
of capital from O to 10% are also shown.

A constant dollar method of analysis is employed in which all costs, both present and future,
are expressed in terms of the buying power of the dollar in mid-1976. Costs are escalated to
a mid-1978 basis for this summary using a factor of 1.17. Both the 1976 and 1978 costs are

shown in the summary.




1.1.9 Safequards and Physical Protection Requirements Bases

Key features of safeguards and physical protection measures employed to prevent the willful
release of radioactive material and to prevent the sabotage of nuclear facilities include
definition of the threat, consideration of attractiveness and accessibility of the wastes and
a description of the physical protection and safequards measures that can be emplemented.

1.1.10 Fuel Cycle Projections

Both a reference nuclear power growth projection of 400 GWe installed in the year 2000
and a low-growth projection of 255 GWe installed in the year 2000 are developed. Schedules
for installation of fuel cycle facilities that would be required for the implementation of
both projections are presented.
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1.2 WASTE TREATMENT TECHNOLOGY

Section 4 describes conceptual processes and facilities for treating gaseous and various
transuranium (TRU) wastes produced during the post-fission portion of the LWR fuel cycle. The
goal of the treatment process for TRU wastes and for long-lived radionuclides removed from the
gaseous waste streams is to convert these wastes to stable products suitable for isolation in
geologic repositories. Treatment concepts are based on available technology; they do not neces-
sarily represent an optimum design but are representative of what could be achieved with current
technology. In actual applications, these concepts probably will be improved, which might be
reflected in either more effecient processes or lower environmental impacts or both. These
conceptual descriptions provide a reasonable basis for cost analysis and for development of
estimates of environmental impacts.

Technology areas for which waste treatment alternatives are described are:

Report Summary
Section Section 4 Teopics Section

H

High-level liquid waste solidification

Packaging of fuel residue

Failed equipment and noncombustible waste treatment
Combustible and compactable waste treatment
Degraded solvent treatment

Immobilization of wet and solid wastes
0ff-gas particle removal systems
Fuel reprocessing plant dissolver off-gas treatment

R e T T — T =~ T
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1
2
3
4
5
.6
7
8
9
1
1

N NN NN D NN NN NN

1
1
1
1
1
Dilute aqueous waste pretreatment 1l
1
1
1
1
1

0 Process off-gas treatment
1 Fuel reprocessing plant atmospheric protection system

In most cases more than one alternative is evaluated for each technology area. One alterna-
tive is selected as the reference system process to permit evaluation of secondary waste effects
and other system impacts. In two of the areas, dilute aqueous waste pretreatment and off-gas
particle removal systems, the descriptions are limited to generic discussions of facilities.

Application of waste treatment alternatives to TRU wastes is limited to the facilities
(the fuel reprocessing plant and the mixed-oxide fuel fabrication plant) required to implement
one of the fuel cycles involving recycle. This is because the wastes generated in the once-through
fuel cycle (except for the spent fuel itself) are considered to be non-TRU wastes and thus cut-
side the scope of this report. The management of spent fuel as a waste in the once-through fuel
cycle primarily involves storage, transportation, and disposal of the spent fuel; the only opera-
tion that is considered to be "waste treatment" is packaging of the spent fuel. Because the con-
ceptual packaging facility is designed as a modular addition to an independent spent fuel storage
basin, this operation is described in the storage technology portion of the report (Section 5).

The plutonium plus uranium recycle system generates the most TRU waste because MOX FFPs are
operated as well as FRPs. The amount of TRU waste generated at an FRP may also be greater in the
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1.2.2

plutonium plus uranium recycle system than in the uranium-only recycle system, but this differ-
ence is not expected to be substantial. The treatment processes described in Section 4 are
based on handling the wastes generated in the plutonium plus uranium recycle fuel cycle.

Table 1.2.1 summarizes the quantities of packaged wastes resulting from the various reference
system waste treatment processes; the information is correlated by waste container type and by
the radiation dose rate at the surface of the containers. These waste quantities include the
effects of secondary wastes generated during the treatment of the primary wastes. Table 1.2.2
summarizes the cost estimates developed for the various reference system waste treatment pro-
cesses and Table 1.2.3 contains radionuclide release estimates developed for the operation of

these processes.

Following these tables are brief descriptions of the various types of waste and of the
treatment processes evaluated. Comparisons of major features of the reference system processes

with those of other available alternatives are also given.

TABLE 1.2.1. Reference System Packaged Waste Output from 2000 MTHM/yr FRP and
~ 400 MTHM/yr MOX FFP(a)

(b) (c)

Waste Canisters/yr Boxes/yr Drums/yr 3
Type Location  HLW(d] I[Wie,?) ILW(f) LLW(g) TLW(T) LLW(g) Volume, m~/yr

High-Tevel

waste FRP 657 -- -- -- - o= 145
Fuel residue FRP -- 480 -- -- -- -- 667
Failed equipment

and noncombustible FRP -- 71 -- 60 4417 483 1363
waste MOX FFP -- -- -- 20 -- 394 164
Combustible and

compactable FRP -- -- - -- 400 -- 83
waste MOX FFP -- -- -- -- -- 50 10
Wet waste and

particulate FRP -- -- -- -- 3355 2230 1172
solids MOX FFP - -- -- -- -- 1655 344
Dissolver

off-gas FRP s = i " 2(h) a6(M) 9
Vessel

off-gas FRP -- -- -= -- (h) (h) --
Ventilation

air FRP -- -- -- -- (h) (h) --
a. Based on reeycle of plutonium and uranium, nonTRU wastes not included except in gaseous waste case.
b. 1.2 x 1.8 x 1.8 m (4.08 m3)

c. 55-gal (0.208 m3) 3

d. 30 cm in diameter and 3 m in length (0.22 m3)

e. 75 cm in diameter and 3 m in length (1.39 m”)

f. ILW containers are those non-HLW containers having surface dose rates in excess of 0.2 R/hr

g. LLW containers are those having surface dose rates below 0.2 R/hr

h. Filters generated here are included under compactable waste
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a. $/kg HM reprocessed.

fabricated.

TABLE 1.2.2. Costs of Reference System Waste Treatment Facilities and Operations
1976 Dollars 1978 Dollars

Capital Cost, Levelized Un}t Capital Cost, Levelized Unit

Waste Type Location $1000 Cost, $/kg HM(a) $1000 Cost, $/kg HM(2)
High-Tevel waste FRP 47,000 8.90\") 55,000 10.40
‘Fuel residue FRP 15,000 4.20 17,000 4.90
Failed equipment and FRP 23,000 3.60 27,000 4.20
noncombustible waste MOX FFP 3,200 0.50 3,700 .60
Combustible and FRP 14,000 2.90 17,000 3.40
compactable waste MOX FFP 5,500 0.85 6,400 1.00
Wet waste and FRP 14,000 2.00 16,000 2.35
particulate solids MOX FFP 11,500 1.60 13,000 1.85
Dissolver off-gas FRP 34,000 5.20 40,000 6.10
Vessel off-gas FRP 23,000 3.30 27,000 3.85
Ventilation air FRP 10,000 1.50 12,000 1. 75

In the MOX FFP cases, multiply by five to obtain $/kg HM of MOX fuel
The uncertainties in the unit cost estimates are 40 + 15%.

b. Does not include cost of lag storage and loadout facilities which are essential components
of reference-system high Tevel waste solidification (see Section o321l

TABLE 1.2.3. Radionuclide Releases Resulting from Reference System Waste
Treatment Operations(a)
____Radionuclide Release, Ci/yr
) NonvoTatiTe F1gs1on NonvoTatiTe Actjvation
Waste Type Location Products Actinides Productsics
High-level waste FRP 8 x 1072 8 x 1078 e
Fuel residue FRP 8 x 1077 1 x 1077 410 7
Failed equipment
and noncombustible FRP 6 x 1070 7 x 1072 2 x 10718
waste MOX FFP 3osd 5 x 1078 Lok
Combustible 7
compactable FRP 2 x 107 1 x 1073 8 x 107!
waste MOX FFP ik 7 %90 i
Wet waste
particulate FRP 2 x 1078 2 x 1078 8 x 1072
solids MOX FFP il 9 x 10712 e
Dissolver
off-gas FRP 8 4 x 108 NS
Vessel off-gas FRP 4 a x10° cee
Ventilation air FRP 3 x 106 4 x 1077 .
a. Released‘from the stack of the parent facggity. 129
b. Nonvolatile fission products exclude 3H, 8%kr, and I. During FRP operation with refer-

ence off-gas systems releases of these materi
2 x 10° Ci/yr of 85%r, and 7 x 10-2
c. 14C as COp is a vol

systems release of

?Eile activation product.

Ci/yr of

C amounts to about 11 Ci/yr.

?%a amount to about 7 x 105 Ci/yr of 3H,
) 8

During FRP operation with reference off-gas




1.2.1 High-Level Waste Treatment

The high-level waste (HLW) stream of a typical nuclear fuel reprocessing plant is comprised
primarily of the aqueous effluent from the first solvent extraction contactor. This effluent
contains essentially all of the fission products and transuranic elements (except for plutonium)
that are present in the spent fuel.

The assumption for the reference system is that the HLW is solidified within a short time
after it is generated. An alternative approach involves tank storage for several years before
solidification.

The reference system HLW solidification process is vitrification (conversion to glass).
Another well developed alternative is calcination (conversion to oxides); this alternative is
also described. Less well developed alternative solid waste forms are supercalcine, sintered
glass, metal matrices, glass-ceramics, coated pellets, and ion exchange media.

The reference vitrification process is spray calcination/in-can melting. Alternative
vitrification processes include the continuous melting proces;, the rotary kiln calcination/
continuous melting process, the batch evaporation and melting process, and the direct-liquid-
fed/continuous melting process.

The product of the reference vitrification process is a borosilicate glass containing about
one part HLW oxides and two parts glass-forming additives by weight. It is a stable product
resistant to water leaching. The vitrified product is contained in seal-welded stainless steel
canisters 30 cm in dia and 3 m in length. Each canister contains the solidified high-level waste
(SHLW) resulting from the processing of 3 MTHM of fuel. Repository 1imits on canister heat-
generation rates may require a reduction in the quantity of SHLW in each canister either by
dilution or by reducing the size of the canisters. Either method increases the number of

canisters.

Continuous fluidized-bed calcination is the reference calcination process. Other calcina-
tion processes involve the use of pot calciners, spray calciners, or rotary kilns. The product
of the reference calcination process is a thermally-stabilized, granular, free-flowing powder.
The powder is sealed in stainless steel canisters 20 cm in dia and 3 m in length. A smaller
diameter canister is used for waste calcine than for waste glass to prevent overheating at the
center line of the canister (the thermal conductivity of calcine is approximately 25% that of
glass). However, each process produces approximately the same number of canisters.

Table 1.2.4 provides some comparative data for the reference vitrification and calcination
alternatives for a reprocessing rate of 2000 MTHM/yr.

Fifteen postulated accidents were examined for these high-Tevel waste treatment alternatives.
The most severe postulated atmospheric release amounts to that contained in 10'5 kg of calcine.

No special safeguards and physical protection requirements were identified for the solid-
ifcation process. Key factors here are the protected location of the operations, the extremely
high radiation level of the processed material, and the relatively low plutonium content of

the material.
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TABLE 1.2.4. Comparative Cost and Radionuclide Release Data for the Vitrification
and Calcination Alternatives, Reprocessing Rate 2000 MTHM/yr

Total Nonvolatile

Capital Cost, Levelized Unit Packaged Waste Radionuclide
Alternative $1000(a) Cost, $/kg HM(a) Package/yr Volume, m3/yr Release, Ci/yr(b)
Vitrification 47,000 8.90 657 145 8 x 1072
(55,000) (10.40)
Calcination 65,000 11.10 683 67 4 x 10_3
(76,000) (13.00)

a. Mid-1976 dollars (mid-1978 dollars in parentheses). The uncertainty in the unit cost
estimates is 30-35%.
b. Released from the stack of the parent facility.

1.2.2 Fuel Residue Treatment

Fuel residue waste material consists of the residue (fuel element hardware and chopped
cladding material) remaining after the bulk of the fuel core material, including most of the
actinides and fission products, has been dissolved in nitric acid in a chop and leach process.
The residue is contaminated with low levels of actinides and fission products and contains
essentially all the activation products formed in the hardware and cladding material.

In the reference system treatment process, the uncompacted fuel residues are dried then
packaged under dry sand in seal welded stainless steel canisters. The sand insures that any
phyrophoric Zircaloy fines will not catch fire. A material other than sand (e.g., helium) could

be used as the package filler material. Each canister is 75 cm in dia by 3 m long and contains
the fuel residue from the processing of about 4 MTHM of fuel.

Alternative processes include volume reduction of the cladding portion of the fuel residue
by mechanical compaction or by melting. Press compaction was selected as the reference concept
for mechanical compaction; other concepts considered were high-energy rate compaction, extrusion,
swaging, and flattening. The Inductoslag process was selected as the reference melting concept;
in this process the melt is inductively heated and is insulated from a water-cooled crucible by
a layer of frozen slag. Other melting concepts considered required different crucible materials
and/or heating methods.

The press compaction process produces 97-kg compacts 23 cm in dia by 0.71 m long. The
melting process produces 390-kg ingots 23 cm in dia by 1.45 m long. Twenty-eight compacts or
fourteen ingots can be packaged in the same size canister as that used for the uncompacted
residue. The packaged waste volumes resulting from the three alternative processes described
in this report are compared in Table 1.2.5 along with the costs and radionuclide releases.

Two postulated accidents were examined for the fuel residue treatment processes. The
quantity of tritium contained in 1 to 10 kg of hulls is postulated to be released in these
accidents but no significant release of nonvolatile radionuclides is expected.
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No special safeguards and physical protection requirements were identified for the fuel
residue treatment processes. The plutonium content is quite low, the radiation level is high
enough that special handling is required, and the operations are conducted in protected locations.

TABLE 1.2.5. Comparative Cost and Radionuclide Release Data for Fuel Residue
Treatment Alternatives, Reprocessing Rate 2000 MTHM/yr

Total Nonvolatile

Capital Cost, Levelized Unit Packaged Waste Radionuclide
Alternative $1000(a) Cost, $/kg HM(a) Volume, m3/yr Release, Ci/yr(b)
Packaging with- 15,000 4.20 670 1 x 1070
out compaction (17,000) (4.90)
Compaction of 17,000 3.90 400 1 x 1076
hulls (20,000) (4.60)
Melting of 23,000 4.40 270 1 x 1078
hulls (27,000) (5.20)

a. Mid-1976 dollars (mid-1978 dollars in parentheses). The uncertainty in the unit cost
estimates is 25-35%.
b. Released from the stack of the parent facility.

1.2.3 Treatment of Failed Equipment and Noncombustible Waste

The generation of small items of noncombustible waste is more or less routine and predict-
able at an FRP or a MOX FFP. The failure of large items of process equipment, while not
routine, will certainly occur. Failed equipment will require rapid removal and replacement to
minimize its effect on plant efficiency. Metal is the primary constituent of failed equipment
and noncombustible waste, but substances such as glass and concrete are also present.

Reference treatment of these wastes involves packaging them either in 55-gal drums,
1.2 x 1.8 x 1.8 m steel boxes, or canisters like those used for the packaging of fuel residue.
Treatment may also involve decontamination and/or disassembly prior to packaging. The refer-
ence system includes decontamination of failed equipment (but not of noncombustible waste)
and disassembly of the failed equipment items that cannot be packaged directly. Only the
reference concept is described because there are no significant alternatives available.
Data describing the output, the costs, and the emissions for this treatment process are con-
tained in Tables 1.2.1 through 1.2.3.

Two postulated accidents were examined for the failed equipment and noncombustible
waste treatment process. Neither accident results in any radionuclide release.

No special safeguards and physical protection requirements were identified for this process.
The plutonium content is quite low for failed equipment and noncombustible waste, and the
operations are conducted in protected locations.
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1.2.4 Treatment of Combustible and Compactable Waste

These waste materials include ventilation filters, which remove suspended particles from
gaseous streams; severely degraded extractant, which could result from operational malfunctions;
and ion exchange resins, which may be generated during product or extractant purification steps.
General combustible trash, which consists primarily of cloth, paper, wood, plastics and rubber
is the major part of these waste materials.

The reference system treatment process involves incineration of the combustibles and com-
paction of the ventilation filter glass-fiber media. Two incinerators are used in the FRP, one
to process LLW and one to process ILW; one incinerator is used in the MOX FFP. These are dual
chamber incinerators. They have a limited air supply in the lower chamber to maintain auiescent
burning. An excess of air and additional propane in the upper chamber thoroughly burn the gases
evolved from the lower chamber. The off-gases are scrubbed for removal of acidic gases and
particulates, and the scrubbing solution (after prior concentration in the case of the FRP) is
sent along with the incinerator ash to the wet waste and particulate solids immobilization facility.

Ventilation filters are treated in the reference system by punching out and pelletizing
the filter media, packaging the pelletized media in drums (along with metal filter frames, if
they are present), and shredding and burning wooden filter frames.

The alternative treatment process that was evaluated involves packaging the combustible
and compactable waste in drums except for the severely degraded extractant, which is burned in
a special incinerator. This alternative is referred to as minimum treatment. Treatment by
compaction and by shredding followed by immobilization in a solid matrix were also considered.
Table 1.2.6 compares features of the incineration and minimum treatment alternatives.

Eight postulated accidents were examined for these combustible and compactable waste treatment
alternatives. The most severe postulated release of nonvolatile radionuclides amounts to about
10'7 of the annual input. This release could occur if a fire that is severe enough to result
in failure of the cell HEPA filters started in the feed preparation line.

No special safeguards or physical protection requirements were identified for these waste
treatment processes unless the drums containing ventilation filters from the MOX FFP are dis-
tinguishable from the other w<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>