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SUMMARY 

This evaluation compares four alternatives for the treatment or processing 

of non-fuel bearing hardware (NFBH) to reduce its volume and prepare it for 

disposal. These treatment alternatives are: 

• shredding 

• shredding and low pressure compaction 

• shredding and supercompaction 

o melting. 

These alternatives are compared on the basis of system costs, waste form char­

acteristics, and process considerations, which include the characteristics 

noted below: 

System Costs 

treatment 

- transportation 

di spas a 1 

Waste Form 
Ch a racteri st i cs 

release rate 

part i cu 1 ates 

- pyrophori cs 

- bulk density 

Process Consideration 

operational safety 

- process simplicity 
- status of technology 

The study recommends that melting and supercompaction alternatives be further 

considered and that additional testing be conducted for these two alternatives. 

This study was prepared for the U.S. DepartmE'nt of Energy (DOE) as part of 

the Nuclear Waste System Integration Program being conducted by the Pacific 

Northwest Laboratory (PNL). (a) 

The NFRH in this evaluation is assumed to be from the consolidation of 

spent fuel rods at the Monitored Retrievable Storage (MRS) Facility. A total 

of 62,000 MTU of spent fuel is used for the economic analysis. A similar 

volume of NFBH would also be generated if fuel rod consolidation was performed 

at the repository. Processing of this amount of spent fuel is estimated to 

(a) Operated by Rattelle Memorial Institute for the Department of Energy under 
contract DE-AC06-76RLO 1830. 
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generate about 375 cubic meters of shredded hardware with a weight of 

340,000 kilograms a year for 25 years. Other wastes from operation of the 

facility were not included in this study. 

The four waste treatment alternatives provide a wide range of waste. 

volumes for the analysis and include the options most applicable to low-density 

metallic wastes. No alternatives that involve the separation of the NFBH into 

different waste streams for treatment and disposal are considered. The waste 

is assumed to be disposed of in a commercial repository with the spent fuel. 

The economic analysis considers treatment, transportation, and disposal 

costs. The range of costs and potential savings for the four treatment alter­

natives are shown below in millions of dollars. A range of values is shown 

because of differences in the costs at three potential repositories. 

Process 
A 1 ternat i ve 

Shredding 

Low-Pressure 
Compaction 

Supercompact ion 

Melting 

Treatment 
Costs 

60-65 

44-46 

61-64 

70-73 

Transportation 
Costs 

250-288 

129-137 

52-69 

42-64 

Mini mum 
Disposal 
Costs 

310-476 

155-298 

86-215 

66-189 

Total 
Costs 

663-816 

341-481 

199-345 

182-309 

Potentia 1 
Savings_ 

>.307 

>.436 

>478 

The treatment costs include capital costs for facility and equipment an1 
operating costs, including the cost of canisters. A four-month interim stonge 

area is included as part of the treatment facility and is a significant capi:.:il 
cost for the high-waste-volume alternatives. Decommissioning costs are also 

included but are not very large. The transportation costs are based on ship· 

ping the wastes 2000 miles by dedicated train. If rod consolidation occurs 1: 

the repository rather than at the MRS, the transportation costs would be the 

same for each alternative and would be part of the cost of shipping the spen-~ 

fuel assemblies. 

Three disposal media (basalt, tuff, and salt) and two disposal options 

within each media are considered. The disposal costs are most significant f,)r 
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the high-volume alternatives, but they are comparable to the treatment and 

transportation costs for the low-volume alternatives. The results demonstrate 

the importance of volume reduction in waste treatment selection--at least for 

this type of waste. The overall potential cost savings of about $450M for the 

melting and supercompaction alternatives justifies the testing and development 

of the volume reduction technology for this application. 

The characteristics of the waste forms and the processes used in these 

alternatives are compared using a qualitative method. Melted metal has the 

most desirable waste form characteristics, while the shredding alternative has 

the most desirable process characteristics. 

A relative ranking of the treatment alternatives is summarized below with 

the better characteristics given a plus (+), intermediate characteristics a 

zero (0), and less desirable characteristics a minus (-). 

Cost Process Waste Form 
Alternative Ranking Ranking Ranking 

Shredding (-) ( +) (-) 

Low-Pressure Compaction I o l (0) (-) 

Supercompaction ( +) I- l I o l 
Melting ( +) I- l (+) 

Based on the evaluation, both melting and supercompaction are recommended 

for further testing. After collection of detailed data from a testing program, 

the two alternatives should again be compared and, if process concerns can be 

resolved, the better alternative selected for deployment in the MRS or at a 

repository (if the MRS is not implemented). 
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1.0 INTRODUCTION 

The study documented in this report was performed for the Department of 

Energy (DOE) as part of the Nuclear Waste Systems Integration Program (NWSI) 

being conducted by Pacific Northwest laboratory (PNL). The objective of this 

study is to provide an analysis of treatment alternatives for non-fuel-bearing 
hardware (NFBH). No other waste types are considered. The current study is a 

follow-up to a study of treatment alternatives for all types of potential com­

mercial transuranic waste (TRUW) and high-activity waste (HAW) that may exist 

in the U.S. (Ross et al. 1986). This NFBH study uses a similar general 

approach and the same basic data as the more comprehensive study. 

The NFBH will be generated during the commercial spent fuel handling and 

consolidation operations at either a Monitored Retrievable Storage (MRS) facil­

ity (U.S. DOE 1986), if approved by Congress, or at a receiving and handling 

facility at a deep geologic repository. Proposed at-reactor fuel rod consoli­

dation will also generate a form of consolidated hardware that may be received 

by either the MRS or the repository. 

The MRS facility is proposed to be a central facility for consolidation 

and interim storage of commercial spent fuel assemblies. If the MRS facility 

is not built, the geologic repository will have equivalent facilities for con­

solidating and packaging the incoming spent fuel and HLW. The repository 

facilities will generate amounts of TRU~/ and HAW similar to those expected to 

be generated by the MRS facility. 

The NFBH may be either TRUW or HAW. Transuranic waste is defined as 

material contaminated with TRU radionuclides in concentrations greater than 

100 nCi/g. Only the NFBH contaminated with spent fuel materials from rod 

failures during the consolidation process is considered a TRUW. High-activity 

waste is defined for this report as waste that exceeds the Class C low-level­

waste (LLW) limits specified in 10 CFR 61 but is not TRUW. The NFBH has been 

subjected to high neutron fluxes, and activation products have been created as 

a result. Cobalt-60, niobium-94, and nickel-59 are the radioactive isotopes 

most commonly formed in sufficient concentrations to be of concern. Concen­

trations of these three isotopes in NFBH are not well characterized and will 
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likely exceed the limits for Class C LLW as defined in 10 CFR 61 (Luksic, 

et al. 1986). Such NFBH is not normally acceptable for LLW disposal. The 

current system requirements indicate that the NFBH will be disposed of in a 

commercial repository (DOE 1986a). In this case the NFBH, in combination with 

engineered barriers in the repository, may be required to meet the U.S. Nuclear 

Regulatory Commission 1 s (NRC 1 s) requirements in 10 CFR 60. However, acceptarce 

requirements for disposal of the NFBH have not yet been established. 

Four alternatives for the treatment of the NFBH were evaluated in this 

study and are described in this report. The results of the study provide the 

DOE with a basis for making preliminary decisions about the development and 

testing of treatment technology for the NFBH. 
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2.0 CONCLUSIONS AND RECOMMENDATIONS 

Four alternatives for the treatment of non-fuel-bearing hardware have been 

evaluated. This evaluation has considered waste form characteristics, process­

ing characteristics, and economics. Two types of conclusions and recommenda­

tions can be made as a result of this evaluation: first, general observations 

from preparing the study; second, recommendations on the preferred alternatives 

and further work. 

2.1 GENERAL OBSERVATIONS AND CONCLUSIONS 

$ The waste form acceptance requirementS for disposal of NFBH have not 

yet been defined. The lack of definitive requirements for the waste 

forms makes the acceptability of a waste form uncertain and therefore 

leaves in question some conclusions of this and related studies. 

• Large uncertainties exist on the radiation dose and heat generation 

rate of NFBH. 

o There are significant opportunities to reduce the volume of the NFBH 

by treatment. Volume reduction by a factor of up to 10 is possible. 

• Volume reduction generally increases the quality of the waste forms. 

o Volume reduction can reduce total system costs. Transportation and 

disposal costs are very sensitive to total volume. 

o Total system savings of $400 to $500 million are possible with the 

melting and supercompaction alternatives compared to the reference 

shredding alternative. 

1.1 RECOMMENDATIONS OF TREATMENT ALTERNATIVES FOR DEMONSTRATION AND 
DEPLOYMENT 

• The melting alternative is favored from the standpoint of system 

economics and waste form quality. 

• The supercompaction alternative will also provide major savings in 

system costs. The waste form quality from this alternative is poorer 

2.1 



than that from melting, but it should be adequate since the NFBH 
would be acceptable for disposal without any treatment if it were 

part of a spent fuel assembly. 

• Further testing and evaluation of both the melting and the super­

compaction alternatives should be conducted to provide more reliable 

data upon which to make final recommendations for use in the MRS. 

Testing of the processes with simulated wastes should be conducted, 

and the design and process requirements should be carefully 

evaluated. 

• Characterization of NFBH should be conducted to reduce concerns about 

shielding requirements and thermal power. 
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3.0 STUDY APPROACH 

This study builds upon a more comprehensive study that considered all of 

the existing commercial TRUW and HAW (Ross et al. 1986). The purpose of this 

study is to compare the alternative technologies for treatment of NFBH at the 

MRS or repository facilities without considering other waste streams. The 

various steps suggested for the development and application of treatment tech­

nology are illustrated in Figure 3.1. Following this analysis, development and 

demonstration activities are identified for the key elements of the preferred 

alternatives. These activities include early development of selected treatment 

Waste Treatment 
Analysis 

Select and Develop Characterize Review 
Specific Treatment Selected Processes Waste Production 

Systems and Products Requirements 

Compare Selected 
Products and Processes 

with Requirements Using 
Updated Characterization Data 

Make Final Selection 

Pilot-Scale Development, 
Engineering Demonstration 
and Evaluation of Products 

Technology 
Deployment 

FIGURE 3.1. Technology Development and Application Process for NFBH Disposal 
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alternatives and more detailed evaluation of specific components and configura­

tions within the treatment system. For example, the location of the process 

units within the MRS must be identified, and the construction materials and 

operation methods must be evaluated further. Concurrent with equipment and 

process development, waste forms would be characterized and evaluated durinf 

the early process development period to meet production needs and waste accep­

tance criteria (WAC). Following these activities, specific technologies would 

be selected, and pilot-scale processes would be demonstrated using nonradio­

active and possibly radioactive materials. The full-scale demonstrations 

should also be conducted in conjunction with the cold checkout of the handling 

facilities. The time allowed for these activities is short, with current (tut 

potentially delayed) MRS milestones for the selection of the treatment alter­

native in March 1987, for submittal of a license application in January 198Y, 

and for equipment to be designed and installed for the prototype tests of the 

consolidation equipment in March 1990 (U.S. OOE !985). 

This study followed the steps identified in Figure 3.2. The first step 

was to identify the study bases, described in Section 4.0. Information frorr 

the most current plans for the MRS facility design was obtained and integrated 

into the waste-generation data provided in Section 5.0. Four possible treat­

ment alternatives were examined (see Section 6.0). Available information was 

then used to calculate the volumes of treated waste and to define the waste 

forms that would be generated by the treatment alternative processes (see 
Section 6.0). The treated waste volumes are the key factors in determining 

transportation and disposal costs, and also impact the process equipment 
requirements and processing costs given in Section 7.0. The waste forms pos­

tulated to be generated from all of the treatment alternatives and the proc­

esses to be used in the alternatives were identified, rated, and ranked (see 

Sections 8.1 and 8.2). A summary of the consideration and tradeoffs (Sec­

tion 9.0) and conclusions and recommendations (Section 2.0) were finally 

prepared. 
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Select Study 
Bases 

• • Obtain Waste 
Generation Data 

Review Regulatory 
Requirements 

Select Treatment 
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Costs 

ir • , 
Compare Tradeoffs 

FIGURE 3.2. Flow Chart for TRUW Treatment Study 
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4.0 STUDY BASIS 

This section identifies the major technical bases and assumptions and the 

regulatory background for this study. The bases were applied to the overall 

sturly approach described in Section 3.0 and were used to develop the detailed 

data and analysis presented in the subsequent sections. 

4.1 TECHNICAL BASES AND ASSUMPTIONS 

The major technical bases and assumptions used in the study are given 

below: 

o The report considers the reference system to be consolidation of the 

spent fuel at the MRS, rail shipment of the tlFBH to the repository, 

and the emplacement of the NFBH into a geologic repository. The NFBH 

will not be separated into any substreams for special treatment. 

o The NFBH is the only waste stream of concern. The impacts and inter­

actions with other streams are not considered. The NFBH will be 

remote-handled because of the neutron activation of the materials in 

the NFBH. 

• The NFRH may or may not be TRUW, but the di st i net ion is not con­

sidered important since the wastes are considered to be going to the 

geologic repository (U.S. DOE 1986a) and will be required to meet the 

NRC 1 s 10 CFR 60 requirements for wastes in the repository (NRC 1983). 

• Transuranic waste and HAW considered here are assumed to be disposed 

of in the same comrr~ercial repository with spent fuel and HLW. For 

economic comparison, both placement in heavy overpacks between the 

spent fuel packages and placement in a separate part of the reposi­

tory without heavy overpacks have been considered. 

• The Conceptual Design of the MRS (Ralph M. Parsons Co., Westinghouse 

Electric Corp. and Golder Associates 1985) is used as the bases for 

process layouts and interactions with other parts of the waste 

management system. 
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• The processing rate for spent fuel is 2500 MTU/yr with a total 

throughput of 62,000 MTU. This rate implies a facility life of 25 

years. 

• Waste volumes are those estimated by Luksic et al. (1986) with 

adjustments to the current processing rate (2500 MTU/yr). 

• Repository costs are determined by estimating the repository waste 

handling building, transport, and emplacement costs underground and 

the cost of additional repository borehole, room, ventilation, and 

excavation requirements. 

4.2 REGULATORY BACKGROU~D 

It is planned that the NFBH will be sent to the repository for disposal 

(DOE 1986). This means that the NFBH must comply with federal regulations for 

interim storage, transportation, and disposal. Potential requirements were 

discussed previously (Ross et al. 1986 and Luksic et al. 1986) and are not 

repeated here. The potential requirements of concern for the NFBH are similar 

to the other repository wastes and may include: 

• Low release rate 

• Immobilized particulates 

• No pyrophoric potential 

• Structural stabi 1 ity. 

The low release rate requirement results from 10 CFR 60 (NRC 1983), which 

states in the foreword to the actual regulation, "The release requirements in 

60.113 apply to all radionuclides that ••• may be disposed of at a geological 

repository." Section 60.113 states the requirement that the fractional release 

rate from the engineered barrier must be less than one part in 105 per year. 

The particulates requirement is also part of 10 CFR 60, which states 
11 Particulate waste forms shall be consolidated." In the Waste Isolation Pilot 

Plant Waste Acceptance Requirements, wastes containing greater than 1% parti­

cles of a size less than 10 microns are required to be solidified (TWSO 1982). 
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Pyrophorics are also prohibited by 10 CFR 60. It is recognized that 

zirconium metal of a fine particle size can be pyrophoric. It is not known 

what particle size distribution is needed for the material to be pyrophoric. 

The Draft 1~aste Acceptance Requirements for acceptance of the vitrified 

HLW at the repositories limits the free volume in the waste container (U.S. DOE 

1986c). This limit is based on the concern that failure of the canister could 

result in the backfill materials flowing into the canister and thereby reducing 

its effectiveness around the canister. 

These potential requirements are used in Section 8.0 to compare the rela­

tive attractiveness of the waste forms resulting from the selected processes. 

It is recognized that some of the potential requirements may in fact not become 

actual requirements or may be modified during the development of the waste 

acceptance requirements for NFBH waste. It is also possible that additional 

requirements may be identified. 
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5.0 DEFINITION OF INITIAL WASTE STREAM 

The NFBH wastes considered in this report are those expected from a cen­

tral treatment facility, such as an MRS facility (or a repository receiving and 

handling facility), which may consolidate the spent fuel assemblies and possi­

bly store them for a period of time before they are disposed of in a geologic 
repository. The untreated waste volumes in this report represent the waste 

volumes as removed from the process cells of an MRS facility in the current 

conceptual design. The current reference process for treatment of the NFBH is 

shredding, and initial NFBH volume is calculated based on this process. 

Although some spent fuel will be consolidated in power reactor storage pools, 

the final volumes of waste generated should not be significantly affected. 

At the MRS facility (or the repository receiving and handling facility) 

spent fuel assemblies are received from nuclear power plants by truck or rail 

~nd taken into a processing cell where the fuel rods are removed from the 

remaining fuel assembly hardware. For the conceptual design, the massive 

pieces of residual hardware are loaded directly into the drum. and the remain­

ing materials are sent through a shredder to facilitate handling and to reduce 

their volume. This hardware is a major waste stream from the consolidation 

operation. During the rod removal operation, most of the rods are expected to 

be removed inta.ct. However, some of the rods may have failed (or may fail dur­

ing removal) and may release some spent fuel particles to the hot cell and its 

ventilation system and contaminate the NFBH so that it may become TRUW. 

Table 5.1 shows the volume and mass of NFBH anticipated from consolidation 

operations at the MRS facility (or repository receiving and handling facility). 

This report uses the volumes and weights of waste estimated for an MRS facility 

(Ralph M. Parsons Co., Westinghouse Electric Corp. and Golder Associates 1985) 

and those determined by Luksic et al. (1986) for spent fuel hardware as a basis 

for estimating untreated waste volumes. The mass of material is somewhat 

uncertain particularly for the boiling-water reactor (BWR) assemblies, which 

have an estimated mass from 34 to 64 kg per assembly. For this report, values 

of 38 kg/assembly for pressurized water reactor (PWR) assemblies and 40 kg/ 

assembly for BWR assemblies hove been used. The waste volumes have been 

adjusted from the 3600 MTU/yr rate used in the MRS conceptual design to a 
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TABLE 5.1. 

Waste T~~e 

PWR Hardware 

BWR Hardware 

Total 

Projected Annual Untre~tJd Waste Volumes from Spent 
Fuel Rod Consolidation a 

Number of Unshredde~ Shredded 
Assembles Volume (m ) Volume (m3) Mass (Kg) 

3330 610 141 127,000 

5280 415 235 211,000 

8610 1025 375 338,000 

(a) Based on consolidation of 2500 MTU of intact fuel. 

processing rate of 2500 MTU/yr for this report. Sixty percent of the spent 

fuel (1500 MTU/yr) is considered to be from PHR's and 40% (1000 MTU/yr) from 

BWR 1 s. 
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6.0 14ASTE TREATMENT PROCESSES AND THEIR RESULTING WASTE VOLUMES 

A wide variety of treatment alternatives were reviewed previously (Ross 

et al. 1986). From this review and evaluation, four major alternatives were 

selected for evaluation in this study and are described below. The major 

objectives in the treatment of the NFBH are low cost, processing safety, and 

acceptable waste form quality. In this section, the treated waste volumes, the 

loading in canisters, and thermal heat load are calculated and the basic proc­

esses are described for each of the alternatives. 

Three canister sizes are utilized to account for each of the three poten­

tial repository media. The canister sizes are based on discussions with per­

sonnel at the repository sites and represent the largest size anticipated at 

each site for spent fuel packaging. Canister weight was not considered to be a 

limit, but could become one if more shielding is needed for transportation and 

handling of the NFBH than for spent fuel. Additional optimization of canister 

size is expected in future studies. The large canister sizes are expected to 

minimize the disposal costs. 

The spreadsheets for calculation of the treated waste volumes and other 

characteristics generally show three-place accuracy, but the precision of the 

input data is nearer one place (10 to 20%), depending on the specific data. 

Three significant figures are shown to avoid further loss of precision in 

subsequent calculations. 

Figure 6.1 depicts the overall NFBH processing and handling. The block 

labeled "Treatment" represents the different treatment alternatives discussed 

in the Subsections 6.1 through 6.4. Operations such as assay, inspection, 

decqntamination, and welding are considered to be treatment and are common to 
·-all of the treatment alternatives. However, the volumes of waste that will 

require processing through the operations will depend strongly on the treatment 

alternative selected. 

6.1 SHREDDING ALTERNATIVE (MRS REFERENCE) 

This alternative duplicates the treatment currently planned for the pro­

posed MRS facility except that the MRS conceptual design has a shredder in 
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FIGURE 6.1. Treatment of NFBH in the Disposal Process 

each of the four processing cells (Ralph M. Parsons Co., Westinghouse Electi"C 

Corp., and Golder Associates 1985). For consistency, we have considered thitt 

all of the processing will be done in two shredders adjacent to each pair o·­

consolidation cells. This decision requires removal of the NFBH from the con­

solidation cells to the treatment areas for all alternatives. Shredding wott d 

be basically a one step process. The NFBH would be removed from the cell to 

the shredder. Shrerlding the metal pieces would allow them to fit in the can-­

isters and would increase their bulk density. The shredded NFBH would then ~)e 

loaded into an appropriately sized canister. The shredded NFBH would have il 

low-bulk density of about 900 kg/m3, but would still occupy significantly l~!SS 
volume than the untreated NFBH. The calculated annual volume of treated mat~~­

rial is shown in Table 6.1 along with the thermal power generation rate data. 

6.2 SHREDDING AND LOW-PRESSURE COMPACTION ALTERNATIVE 

For this alternative the shredded material would be subsequently compacted 

with a low-pressure compactor at a pressure of about 7 MPa. The low-pressu:·e 

compactor would be located near the shredder so that successive batches of 

shredded NFBH would be added to the same canister after successive compaction 

cycles. Compaction will further reduce the volume and increase the density of 

the NFBH in the canister. The final bulk density is estimated to be about 

1800 kg/m3• Table 6.2 gives the volume, heat, and canister data for this 
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TABLE 6.1. Annua 1 Waste Volumes for Shredded NFBH(a,b) 

canist{rl Canist{r) Number Thermal Number Therma 1 
Repository Volu~e c Weight d of PWR Power of BWR Power 

Canister (m ) ( k 9) Canisters (watts) Canisters (watts) 

Basalt 1.31 1180 116 387 203 41 

Tuff 1.44 1290 106 424 185 45 

Salt 1.27 1140 120 374 209 40 

(a) Based on 1500 MTU/yr of PWR spent fuel and 1000 MTU/yr of BWR spent 
fuel. Heat generation at 10 years out of reactor from ORIGEN2 with 
33,000 MWD/MTU for PWR's and 28,000 MWD/MTU for BWR's. 

(b) Data shown to three significant figures, which are maintained for 
the calculation but exceed the accuracy of the data. 

(c) Based on canister diameters of 63, 66, and 62 em, respectively, 
and a canister length of 4.20 meters. 

(d) For PWR spent fuel -weight of 38 kg/assembly and 0.462 assemblies 
per ~TU. For BWR spent fuel -weight of 40 kg/assembly and 0.186 
assemblies per MTU. Canisters filled to 90% of capacity. 

TABLE 6.2. Annufl ~~ste 
NFBH a • 

Volumes for Shredded and Low-Pressure Compacted 

Canister 
Canister IJei ght of Number Thermal Number Thermal 

Repository Volu~e(c) NFBH(d) of PWR Power of BWR Power 
Canister (m ) (kg) Canisters (watts l Canisters (watts l 

Basalt 1.31 2360 58 773 101 82 

Tuff 1. 44 2590 53 849 g2 90 

Salt 1.27 2280 60 749 105 79 

(a) Based on 1500 MTU/yr of PWR spent fuel and 1000 MTU/yr of BWR spent 
fuel. Heat generation at 10 years out of reactor from ORIGEN2 with 
33,000 MWO/MTU for PWR's and 28,000 MWO/MTU for BWR's. 

(b) Data shown to three significant figures, which are maintained for 
the calculation but exceed the accuracy of the data. 

(c) Based on canister diameters of 63, 66, and 62 em, respectively, and 
a canister length of 4.20 meters. 

(d) For PWR spent fuel -weight of 38 kg/assembly and 0.462 assemblies 
per MTU. For BWR spent fuel - weight of 40 kg/assembly and 0.186 
assemblies per MTU. Canisters filled to 90% of capacity. 
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alternative. Remote compactors· have been used to reduce the volume of solid 

LL~J from power reactors for several years (Butler 1984). 

6.3 SHREDDING AND SUPERCOMPACTION ALTERNATIVE 

Supercompaction provides high-volu~e reduction of wastes without extensive 

treatment. It is similar to low-pressure compaction except that it uses pres­

sures of about 60 MPa, which increases the final bulk density of the NFBH to 

about 3700 kg/m3• However, the compacted steel drums would increase the weight 

by about 15% and the actual density would be about 4300 kg/m3• Higher den­

sities of individual compacts of simulated spent full hulls have been report2d 

recently (Kraemer 1986). Packaged densities are lower because of clearance 

requirements within the canisters. Supercompaction is being used for the 

treatment of low-level wastes in both the U.S. and Europe (Hollo and White 

1985; Sathrum and Stember 1985). The supercompactor is a massive piece of 

equipfllent that will require mechanical maintenance and may require additiona1 

cell space (not considered in this report) for interim storage of compacts 

before loading them into the canister. 

For this analysis the wastes were preshredded and placed in 208-liter 

(55-gal) drums to prepare them for supercompaction. Other alternatives, suc1 

as cutting the hardware into smaller acceptable-length sections, could also be 

utilized. The resulting weight, number of canisters, and their heat load-s are 

shown in Table 6.3. 

6.4 MELTING ALTERNATIVE 

The melting alternative pr~vides the highest possible volume reduction for 

the NFBH. However, heating of the metals to high temperatures is required. 

The melting point of the mixed-metal NFBH is lower than those of the individual 

alloys because new eutectics 

mixture (the eutectic) has a 

are formed. For exaMple, an 85% Zr and 15% Fe 

melting point of 948°C, whereas the 

of pure Zr is 1852°C and the melting point of pure Fe is 1538°C. 

melting point 

The 1 ower 

melting temperatures reduce the process temperature and should reduce the 

vaporization rate of radionuclides. The melting system design is expected to 

allow the whole residual assembly to be moved into the melter chamber, slowly 
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TABLE 6. 3. Annutl ~'ste Volumes for Shredded and Supercompacted 
NFBH a • 

Canister 
Canister Weight of Number Thermal Number Therma 1 

Repository Volu~e(c) NFBH(d) of PWR Power of BWR Power 
Canister ( m ) ( k 9) Canisters (watts) Canisters (watts) 

Basalt 1.31 4870 28 1600 49 )6g 

Tuff 1. 44 5340 23 1950 40 206 

Salt 1.27 4720 29 1550 51 164 

(a) Based on 1500 MTU/yr of PWR spent fuel and 1000 MTU/yr of BWR spent 
fuel. Heat generation at 10 years out of reactor from ORIGEN2 with 
33,000 MWO/MTU for PWR's and 28,000 MWD/MTU for BWR's. 

(b) Data shown to three significant figures, which are maintained for 
the calculation but exceed the accuracy of the data. 

(c} Based on canister diameters of 63, 66, and 62 em, respectively, and 
a canister length of 4.20 meters. 

(d) For PWR spent fuel -weight of 38 kg/assembly and 0.462 assemblies 
per MTU. For BWR spent fuel -weight of 40 kg/assembly and 0.186 
assemblies per MTU. Canisters filled to 90% of capacity. 

lowered into the melting crucible, and melted. Thus, shredding and its asso­

ciated problems would be avoided and no additional drum material is added to 

the waste volume. 

The development of the melting process has been under way for 

years for different types of metallic waste (Westsik et al. 1986). 

sever a 1 

The 

appears very applicable to the NFBH. The molten metal can be cast into 

the waste canisters on a batch or continuous basis. 

process 

any of 

The volume reduction of the melted materials is high enough that concerns 

about the thermal power of the canister, its weight, and radiation doses must 

be considered. The calculated weights, number of canisters. and the projected 

heat generation rates are shown in Table 6.4. 

Since the repository handling system is designed to handle the heavy 

overpacks for spent fuel, it should be capable of handling the heavy metal 
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TABLE 6.4. Annual Waste Volumes for 11elted NFBH(a,b) 

Canister 
Canister Weight of Number Thermal Number Thermal 

Repository Volu~e(c) NFBH(d) of PWR Power of BWR Power 
Canister ( m ) (k 9) Canisters (watts) Canisters (watts) 

Basalt 1. 31 6680 21 2200 36 232 

Tuff 1. 44 9340 13 3400 23 360 

Salt 1. 27 8240 17 2700 29 286 

(a) Based on 1500 MTU/yr of PWR spent fuel and 1000 MTU/yr of BWR spent 
fuel. Heat generation at 10 years out of reactor from ORIGEN2 with 
33,000 MWD/MTU for PWR 's and 28,000 MI~D/MTU for BWR 's. 

(b) Data shown to three significant figures~ which are maintained for 
the calculation but exceed the accuracy of the data. 

(c) Based on canister diameters of 63, 66, and 62 em, respectively, and 
a canister length of 4.20 meters. 

(d) For PWR spent fuel -weight of 38 kg/assembly and 0.462 assemblies 
per MTU. For BWR spent fuel -weight of 40 kg/assembly and 0.186 
assemblies per MTU. Canisters filled to 90% of capacity. 

canisters also. The weight of the melted metal is calculated to be within 

about 20% of the weight of the spent fuel in the same size canisters without 

overpacks. 

The heat loading for the NFBH is significantly lower than the spent fuEl 

heat generation rate. For comparisons, the heat generation rate of melted F~/R 

NFBH is about half that of the consolidated spent fuel for the same canister 

size. The heat generation rate becomes a factor in the 1 oadi ngs of shi ppi n~ 

casks and in the repository. Heat loadings of less than 0.45 kW/canister de, 

not need to be considered in the arrangement and distribution of the canistt•rs 

in the repository because spacings are limited by borehole integrity consid~·ra­

tions. Only the PWR hardware has sufficient heat generation rates to be of 

concern. Loading of the melted NFBH in the basalt canister is limited by a 

2.2 kW/canister thermal load limit for 10-year-old spent fuel hardware. Fut~~ 

hardware several years older would not be impacted. This is the only canis1er 

heat-loading limitation found in this analysis. Wide variations in potentic1l 

heat-generation rates in the NFBH were identified, and additional calculations 

should' be made when heat-generation data on actual NFBH are available. 
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7. 0 COST CONS I DERA Tl ONS 

Cost estimates were prepared for each of the TRUW treatment alternatives 

studied. The cost of each of the following activities was estimated: 

~ construction and operation of the NFBH treatment portions of the 

central treatment facility, including associated service facilities 

and materials. (These costs are assumed to be incremental to those 

already planned for the MRS facility that is 1JSed as the reference.) 

• decommission of the additional facilities 

• transportation of the NFBH to the deep geologic repository 

• disposal of the NFBH in a deep geologic repository. 

The costs are in current dollars on an undiscounted basis. Costs for research 

and development, licensing, selection, and development of the repository were 

not included. 

7.1 COST OF NFBH TREATMENT FACILITIES 

The capital and operating costs were estimated for the NFBH treatment 

facilities (incremental to the main parts of the M~S facility) for each alter­

native ·studied. It was assumed that the MRS facility will process 62,000 MTU 

of spent fuel at the rate of 2,500 MTU/yr for 25 years. The MRS facility will 

process the internally generated NFBH (from spent fuel consolidation) and the 

incoming NFBH from at-reactor consolidation of spent fuel for those same 

25 years. 

7.1.1 Capital Costs for NFBH Treatment Facilities 

The capital costs for NFBH treatment facilities include the costs of: 

1) design and construction of the incremental treatment (including assay and 

certification) facility and associated service areas, 2) purchase and instal­

lation of the equipment to process the wastes, and 3) provision of a storage 

area for the four-month interim storage of the treated wastes. Costs for 

front-end facilities common to all alternatives are not included (e.g., 

receiving and handling). 
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The capital cost estimates (Table 7.1) for this study are based on general 

unit factors (Ross et al. 1986, Appendix B). Costs were estimated for mainline 

treatment equipment for the capacity of interest, with factors applied for 

modification for radioactive application and installation. Based on the over­

all size of the equipment, space requirements were estimated for the mainline 

equipment with allowances for access, accessory equipment, piping, wiring, 

controls, in-plant transport equipment, and short-term in-line lag storage. 

Volume-based unit factors were then used to estimate cell or process room 

facility and service facility costs. 

The capital cost for all alternatives is modest at most, ranging from 

about $11 M to $22M. The four months of lag storage and the assay facilities 

for treated waste comprise the predominant cost element for the alternatives 

with little or no volume reduction (Alternatives 1 and 2), but these costs are 

a small fraction of the total capital costs for the alternatives with signifi­

cant volume reduction (Alternatives 3 and 4). The more extensive treatment 

processes require the greater equipment and facility capital costs. 

7.1.2 Operating Costs for NFBH Treatment Facilities 

The operating costs include all the labor, maintenance, utilities, canis­

ters, all other materials, and occasional facility upgrading for operating the 

incremental NFBH treatment facility and associated service areas. 

ting costs are for the respective incremental facilities for which 

cost estimates were presented in the preceding subsection (7.1.1). 

These opera­

the capital 

The 

TABLE 7.1. Capital Costs for NFRH Treatment Alternatives 

Cost in $M(a) 
Low-Pressure 

Cost Element Shredding Compaction Supercompaction Melt inc 

Treatment Facility 1.9 5,3 15,6 20.2 

Storage Facility 10,3 5.9 3.3 2.1 

Total 12.2 11.2 18,9 22.3 

(a) Values are shown in more significant figures than the accuracy of the 
data to maintain consistency of the calculations. 
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operating cost estimates are based on fractions of the capital costs for the 

various process and handling steps, as developed by Ross et al. (1986). The 

fractions were derived from analysis of the costs in other studies (U.S. DOE 

1979; and McKee et al. 1986). Detailed tables showing the development of oper­

ating costs are presented in Appendix A. The estimated operating costs for 

each alternative with the basalt canister are in Table 7.2. Similar data for 

the tuff and salt canisters are in Tables 7.3 and 7.4. Operating costs are 

given on an annual basis and for the assumed facility operating life of 

25 years. 

For each alternative, the lifetime operating costs are two to five times 

greater than the capital costs. Canister costs are a significant part of the 

operating costs for each alternative and are the predominant operating costs 

for Alternatives 1 and 2. Canister costs are based on the costs of a Defense 

Waste Processing Facility (DWPF) canister with slight increases for the addi­

tional length and diameter of the proposed repository canisters. Minor differ­

ences in cost result from the difference in the nu~ber of canisters for each 

repository. Storage/assay costs are highest for the alternatives with the 

highest final waste volumes (Alternatives 1 and 2). 

TABLE 7.2. Annual Operating Costs for NFBH Treatment Alternatives 
with Basalt Canisters 

Cost in $M(a) 
Low-Pressure 

Cost Element Shredding ComQact ion SuQercomQaction Melting 

General 0.15 0.42 1.25 l. 62 

Containers l. 70 0.85 0.41 0.30 

Storage & Assay 0.16 0.08 0.04 0.03 

Annual Total 2.02 1.36 l. 70 1.95 

62,000 MTU Total 50.0 33.6 42.1 48.2 

(a) Values are shown in more significant figures than the accuracy of the 
data to maintain consistency of the calculations. 
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TABLE 7.3. Annual Operating Costs for NFBH Treatment Alternatives 
with Tuff Canisters 

Cost in $M(a) 
Low-Pressure 

Cost Element Shredding Comeact ion Sueercomeact ion Melt inc 

General 0.15 0.42 1.25 1. 62 

Containers 1. 58 0.79 0.34 0.20 

Storage & Assay 0.15 0.07 0.03 0.02 

Annual Total 1.88 1.28 1.62 1.84 

62,000 MTU Total 46.7 31.9 40.3 45.4 

(a) Values are shown in more significant figures than the accuracy of the 
data to maintain consistency of the calculations. 

TABLE 7.4. Annual Operating Costs for NFBH Treatment Alternatives 
with Salt Canisters 

Cost in $M(a) 
Low-Pressure 

Cost Element Shredding Come action Sueercomeaction Melting 

General 0.15 0.42 1.25 1.62 

Containers 1.75 0.87 0.43 0.25 

Storage & Assay 0.17 0.08 0.04 0.02 

Annual Total 2.07 1.37 1.72 1.89 

62,000 MTU Total 51.3 34.2 42.5 46.8 

(a) Values are shown in more significant figures than the accuracy of the 
data to maintain consistency of the calculations. 

7.1.3 Summary of NFBH Facility Costs 

The life-cycle capital and operating costs and the decommissioning costs 

for thi"! incremental treatment facility with basalt, tuff, and salt canisters 

are summarized in Figure 7.1, which shows the dominance of the operating cos~s 

in the total lifetime costs of the incremental NFBH treatment facility. Dif­

ferences with type of repository canister are less than 10% and are directly 

related to the cost and number of canisters. Decommissioning costs, which a~,:! 
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based on a fraction of the initial capital costs (U . S. DOE 1986) , are the 

smallest cost element of the three major cost elements in Figure 7. 1. 

7.2 TRANSPORTATION COSTS 

The treated NFBH is assumed to be shipped by rail to a deep geologic 

repository in the western United States that is 2000 miles from the central 

treatment facility located in the eastern United States . No separate t rans ­

portation costs would be incurred if the spent fuel is shipped . directly to 

repository for consolidation . The NFBH is assumed to be shipped on a rail 

transportation system (U.S . DOE 1986a) owned and operated by the federa l 

government, using five -car dedicated trains. The similarity in canister si ze 

means that a similar number of canisters can generally fit within a cask . -he 

major limits to the number of canisters within a cask are size and weight. A 

maximum internal diameter of 144.8 em, a maximum cask load of 18, 000 kg , and a 
suggested thermal limit of 13 , 000 watts/cask were considered limits in this 

study . Diameter limited most of the cask loading. Howeve r, the Tuff canister 

with melted hardware was limited by weight to one canister per cask. A sli !Jht 

weight reduction in the canisters may actually improve overall tuff system 

economics, but was not included . 

Transport~tion capital, operation, and maintenance costs for NFBH were 

estimated using the unit factors ·(cask capacity, life, and costs; train speed ; 

turnaround time; shipping costs; and security costs) given in the Waste Manage­
ment SRD (U .S. DOE 1986a) . Table 7. 5 presents the annual and lifetime operat ­
ing costs and the initial and lifetime capital costs for transporting the 

treated NFBH from the central treatment facility to the disposal facility . 

Details of transpo rtation c6sts are given in Appendix B. The transportation 
costs are highly dependent on the treated waste volumes, and they exceed th1~ 

total lifetime facility capital and operating costs for the alternatives wi th 

high volumes of treated wastes (Alternatives 1 and 2) . 

7. 3 DISPOSAL COSTS 

The NFBH from the central treatment facility are assumed to be disposed of 

in a deep geologic repository . Three repository media have been considered i n 
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T~~e 

Basalt 

Tuff 
Salt 

TABLE 7.5. Lifetime Transportation Costs for NFBH Treatment 
Alternatives 

Cost in $M(a) 
Low-Pressu re 

Canister Shreddin9 Com~action Su~ercom~action 

273 137 67 

250 129 52 
288 139 69 

Meltin9 
47 

64 
42 

(a) Values are shown in more significant figures than the accuracy of 
the data to maintain consistency of the calculations. 

determining the costs . Repository surface cost data are based on results of an 
MRS/Repository Interface Task Force Report (DOE 1986b) . Underground costs are 

data from a 1985 estimate of total system life cycle costs (DOE 1985). The 

costs have been developed for two storage arrangements: the first case assumes 

that the canisters of NFBH are emplaced between canisters of spent fuel with a 

high-quality overpack around the NFBH canister to provide long-term protect i on 

consistent with NRC requirements for spent fuel . The second case assumes that 

the canisters of NFBH are stored in a separate , cooler part of the repos i tory 

without the need for overpacks . 

In both cases, NFBH waste emplacement densities were calculated based on 

either limiting structural spacing for boreholes (-2 m on center) or l imi ting 

areal heat loading {15 W/m2 for basalt, 14. 25 W/m2 for tuff and 10 W/m2 fo r 

salt) . Factors were applied to certain repository costs for waste handl ing , 
overpacks (if needed), transport , and emplacement based on the ratios of number 
of canisters handled . Underground excavation , rock handling , and vent i lation 
costs were factored based on the ratio of increased-area requirements . Dis ­

posal costs for both overpack alternatives are shown in Table 7. 6. However , 
only the lower cost alternative (either no overpack or heavy overpack) is used 

in subsequent total life cycle cost calculations . An examination of Table 7.6 
shows significant savings in disposal cost for the lower-waste- volume 

compaction alternatives . Costs are generally higher in basalt, because of 

higher rock excavation costs . One unanticipated conclusion is that costs for 

the low-compaction, no-overpack cases are higher than for the cases wi th 
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TASLE 7. 6. Repository Disposal Costs for NFBH Treatment Alternatives 

Cost in $M(a) 
Compaction With Over~ack Without Over~ack 
Alternative Basalt Tuff Salt Basalt Tuff Salt 

Shredding 476 368 498 911 395 310 
Low-Pressure 
Compaction 298 208 274 450 198 155 
Supercompaction 215 116 156 221 86 94 
Melting 189 85 109 161 66 68 

(a) Values are shown in more significant figures than the accuracy 
of the data to maintain consistency of the calculations . 

overpacks . For very low NFBH bulk densities and canister heat rates, the 
incremental spacing between spent fuel canisters required to stay within areal 

heat loading limits is small, and therefore additional mining costs are small 

for co-emplacement with spent fuel . The minimum borehole spacing required f or 

placing non-overpacked wastes in a separate repository area results in higher 

space requirements and mining costs . These mining costs in hard rock media 

such as basalt and tuff outweigh the cost savings achieved by eliminating the 

overpack requirement . At high NFBH bulk densities with higher canister heat 

loadings this effect is reduced until (for the melting alternativ.e) disposal is 

less costly with no overpack than with overpack for all repository media. 

7.4 TOTAL LIFE -CYCLE COSTS 

The total life-cycle costs (exclusive of research and development and 

repository siting development and engineering costs) for management of the N=BH 
from the four treatment alternatives are given in Figure 7. 2. These costs a~e 

summarized from Tables 7. 1 through 7.6 . For the basalt alternative, the dis­

posal costs are the major costs . The large transportation costs for both 

shredding and low-pressure compaction should be noted . These costs are very 

similar to the disposal costs for the Tuff and Salt alternatives. 
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8.0 WASTE FORM AND PROCESS CONSIDERATIONS 

Previous sections have emphasized the identification and evaluation of 

NF8H treatment alternatives based on waste volumes, packaging, and analysis of 

the waste management system costs. The waste form characteristics (based on 

waste acceptance at the repository) and the waste treatment process character­

istics {operational safety, process simplicity, status of technology) are 

discussed and compared in this section. 

8.1 WASTE FORM CONSIDERATIONS 

The general requirements for the waste forms were reviewed in Section 4.0 

with the regulatory requirements for waste disposal. Geologic disposal of 

the NFBH in a federal repository is assumed in this study. ~s noted in Sec­

tion 4.0, the acceptability for disposal of any waste form cannot be stated 

with certainty because detailed waste form requirements have yet to be estab­

lished. It follows, however, that the better the properties of the waste form, 

the greater the likelihood of its acceptance for disposal and the higher its 

rating in this evaluation. Also note that spent fuel assemblies are currently 

acceptable for disposal and that the assemblies contain the NFBH without any 

additional treatment. Therefore, any of these treatment processes should 

produce an acceptable waste form. As indicated in Section 4.0, the waste form 

may be required to have specific characteristics. The most significant charac­

teristics are: 

• low release rate of radionuclides from the waste form, especially 

during water contact, which is viewed as the most likely release 

mechanism following geologic disposal 

• immobilized particulates (to avoid release of material if a canister 
fails during handling or transportation and to reduce potential 

release rates) 

~ no pyrophoric potential in the waste materials {important during 

waste package handling, transportation, and storage) 
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• structural stability to assist in preventing mechanical failure of 

the canister, overpack, or container. 

Waste property data for each type of potential waste form have not been 

prepared or characterized; therefore, sufficient characterization data is rot 

available to provide a quantitative comparison of the properties. However, 

from existing experience with other types of materials, the general character­

istics can be anticipated. With this general experience, the four processes 

have been compared, and a summary is shown in Table 8.1. Note that melting 
will likely produce an acceptable waste form and that, depending on the 

establishment of the acceptance requirements, waste forms produced by the other 

alternatives may not be acceptable. Details of the ratings follow. 

The release rate is expected to decrease with increasing density of the 
waste forms and should be significantly improved for the melted product. The 

supercompacted material would still have an open porous structure and allow 

ready access to leachants, but because of its higher density may provide a 
higher resistance to leaching than the lower-density alternatives. The compac­

tion and melting of the NFBH should reduce the availability of the particles 
for release. The melted product should not have a significant number of parti­

cles, and the supercompacted particulate should be trapped within the compacted 
mass. Therefore, these waste forms are rated higher than the low-pressure com­

pacted metal and the shredded metal waste forms. 

TABLE 8.1. Evaluation of Waste Form Characteristics for Process Alternatives 

Evaluation Factor 
Release rate 
Particulates 
Pyrophori city 
Structural stability 
Acceptability 

+ = better 
o = intermediate 

less desirable 

Shredding 

Questionable 

Shred/ 
Low-Pressure 
ComEact ion 

0 

Questionable 

8.2 

Shred/ 
Su~ercomEacti on Melti n!L_ 

0 + 
0 + 
0 + 
+ + 

Questionable Acceptable 



Shredding can be expected to generate some fines, and compaction may also 

generate some new surfaces and fines that can react with atmospheric oxygen and 

be slightly pyrophoric. Fines within the supercompacted mass should be less 

available and therefore less reactive. Because fines would be eliminated by 

melting, this form has the best rating. 

Structural stability is mostly dependent on the void volume within the 

canister that may fill with backfill materials in the event of an overpack 

failure. Thinning of the backfill could reduce the long-term containment of 

the radionuclides. The waste forms have been rated in relationship to their 

final density. 

The above analyses indicate that the melted product is most attractive and 

that density influences the behavior of the waste form for most of the charac­

teristics considered. 

8.2 PROCESS CONSIDERATIONS 

The processes required for each waste treatment alternative were also 

evaluated qualitatively based on experience with the processes for other types 

of materials. A summary comparing the process characteristics of the four 

treatment alternatives is shown in Table 8.2. Evaluations of various aspects 

of operational safety, process simplicity, and technology status are presented 

for each alternative. As explained in the detailed comments below, the shred­

ding alternative is preferred from a review of the processing characteristics; 

the melting and supercompaction alternatives need additional development before 

they can be utilized. 

8.2.1 Operational Safety 

Operational safety factors are subdivided into chemical hazards, fire 

hazards, mechanical hazards, electrical hazards, and radionuclide release. 

The off-gas system (as part of the melting alternative) would probably contain 

liquids and chemical agents and is therefore the highest chemical hazard. How­

ever, this hazard is of minor significance. The shredder and compactors do not 

use any chemicals and have a low hazard potential. 
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TABLE 8.2. Evaluation of Process Characteristics for Treatment Alternatives 

Process 
Characteristics 

Operational safety 
Chemica 1 
Fire 
Mechani ca 1 
Electrical 
Radi onucl ide 

re 1 ease 

Process simplicity 

Equipment design 
Operations 
Maintenance 

Technology status 

Hot cell use 
Radioactive use 
Industrial use 
Time to implement 

+ = better 
o = intermediate 
-=less desirable 

Shredding 
Satisfactory 

+ 

+ 
0 

Greatest 
simplicity 

+ 
+ 
+ 

Available 

0 
+ 
+ 
+ 

Shred/ 
Low-Pressure 
Compaction 

Satisfactory 
+ 

+ 
0 

r~oderate 

0 

0 
0 

Available 

0 
+ 
+ 
+ 

Shred/ 
Supercompaction 

Satisfactory 
+ 

+ 
0 

Complex 

Some 
deve 1 opment 

0 

+ 

0 

Melti1:..L_ 

Sati sfa,:~ory 
0 

+ 
+ 

Camp l1~X 

De vel op1nent 
need1~d 

0 

+ 

Fire hazards result from the generation of pyrophoric particulates, the 

use of combustible fluids, and operations at high temperature. The shreddl~" 

has the potential for generating pyrophoric materials. The melter, operat· ng 

at high temperatures and handling hot zirconium metal, also has potential 

safety concerns. Neither of these are desirable conditions. 

Mechanical hazards were judged based on the degree of mechanical action. 

Thus, the shredder has the highest potential. Electrical hazards are related 

to the amount of electrical power used in the process and any significant 

potential problems in handling it. The shredder, supercompactor, and me1t1~r 

will use significant amounts of power (about 75 to 100 KW). However, this 

amount of power is not a major hazard because it can be easily handled with 

conventi anal technology. 
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The radionuclide release hazard is based on the potential of release to 

the atmosphere. The melter has the highest potential because material will 

be volatilized in the melter and will have to be removed by the off-gas treat­

ment system. The shredder and the compactors would generate some particulates 

(mostly 11 crud") that would be released to the cell. None of the hazards appear 

to disqualify one of the processes from satisfactory operation in remote 

conditions. 

8.2.2 Process Simplicity 

The three primary factors in evaluating process simplicity are equipment 

complexity, operational complexity, and maintenance requirements. For equip­

ment design complexity, the shredder was judged to be the simplest, with only 

one step and only a feed input and a product out. Low-pressure compactors have 

a simple hydraulic ram and were also considered simple except that the canis­

ters were considered to be filled and compacted in a series of successive 

operations. The supercompactor was judged complex because it requires an 

accurate drum positioner; has high-pressure hydraulics, massive rams, and dies 

that must resist mechanical yielding; and must be designed to remove the 

compacts from the dies following the extrusion of metal materials in the die. 

It must also have a more complicated canister loading system to prevent over­

loa-ding and to optimize the filling. The melter would have an atmospheric 

protection chamber to avoid oxygen in the melter chamber, a control method for 

the electrical power, a cooling system for the melting chamber, a method for 

feeding the NFBH into the melting region, and a method to monitor the fill in 

the receiving canister. However, the melting system is conceptually considered 

to be much smaller than the supercompactor. 

Operational complexity is similar to equipment complexity. Because of the 

need for an atmospheric control system in the melter, it is expected to be 

operationally camp 1 ex. The many mechani ca 1 systems of the supercompactor also 

make it operationally complex. 

Maintenance requirements will not be known until the systems have been 

operated with the anticipated wastes, but the melter would likely require regu­

lar maintenance on the electrodes or heat sources. The high-pressure hydraulic 
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system and the high mechanical forces used in the supercompactor are also 

expected to necessitate frequent maintenance. 

8.2.3 Status of Technology 

The status of technology is judged based on experience with the proces~; in 

hot cells, radioactive service, and industrial usage, and on the time needed to 

implement the technology if it is selected. 

The only process operation that has seen hot cell service is the off gas 

system. Low-pressure compactors have been used in a remote environment for 

reducing reactor wastes, and some installations also have supercompactors that 

are remotely operated. Melting and shredding have not been used in hot cel·s. 

Low-pressure compactors have seen the greatest radioactive use outside of hot 

cells. Shredders have been used in limited applications and supercompactor use 

is increasingly with the increased costs of low-level waste disposal. Meltf~rs 

have been used to treat lightly contaminated metals at both ORNL and INEL. 

Industrial use of the equipment provides a base of technology that can be VE•ry 

useful in the design and operation of the processes. Melting systems are 

common in the preparation and processing of metals. Shredding is likewise 

heavily in industry for a wide variety of app 1 i cations. Low-pressure 

compaction is a common technology, but supercompaction is relatively new 

technology. 

VE·ry 

·, ~,ed 

A shredding system with or without a low-pressure compaction option COL ',d 

be designed most quickly. The melter would take the longest time to implemt•nt 

since it needs to be designed for this application and then tested. Supercc•n­

paction, with its need for significant maintenance and process complexity, (lso 

requires an extended design and testing period. 

8.2.4 Summary of Process Evaluation 

The summary of process ratings in Table 8.2 shows that the shredding 

alternative has the greatest simplicity and is ~ost available. These char­

acteristics were important in its selection as the reference process for the 

MRS. The melting and supercompaction alternatives are more complex and will 

require some development time if they are selected for implementation. 
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9.0 FINAL EVALUATION OF TREATMENT ALTERNATIVE METHODS 

This section discusses the waste form characteristics from Table 8.1, 

process characteristics from Table 8.2, and costs from Table 7.8 for each of 

the alternatives. These three tables are summarized in Table 9.1, which shows 

that the shredding option has better process characteristics, but is higher in 

cost and produces a less desirable waste form than the other alternatives. 

Melting, however, has the lowest cost and the best waste form but the least 

desirable process characteristics. Supercompaction is similar 

process to melting and has a better waste form than shredding. 

compaction, although a simple technology, is more complex than 

in costs and 

Low-pressure 

shredding. It 

offers some cost improvement. but not as great as the savings with melting and 

supercompaction. Low-pressure compaction waste form characteristics are 

similar to those of shredding. 

TABLE 9.1. Comparison of Strengths and Weaknesses of Treatment Alternatives 

Alternative 

Shredding 

Low-Pressure 
Compaction 

Supercompaction 

Melting 

Major Strengths 

- Process Simplicity 
- State of Technology 

Simple Technology 
- Significant Volume 

Reduction 
- Remote Experience 

High Volume Reduction 
- Low System Costs 
- Better Waste Form 

Properties 

- Low System Costs 
- Best Waste Form 

Properties 
- No Fines Generation 
- Highest Volume 

Reduction 
Few Mechanical Parts 

9.1 

Major Concerns 

- Pyrophoric Fines 
- Low Bulk Density 
- High System Costs 

- Pyrophoric Fines 
- Low Bulk Density 
- High System Costs 

- Mechanically Complex 
- High Potential Maintenance 
-Limited Remote Experience 
- No Destruction of Organic 

materials 

- High Temperature Operation 
-Atmospheric Control Needed 
- Need Technology Demonstration 
- Maintenance of Electrodes and 

Crucibles 
- Coolants Needed 



Any of the four alternatives provide for the treatment of the NFBH. 

However, the selection should take into consideration all of the comparative 

strengths and weaknesses. Both melting and supercompaction have major 

strengths that need to be better defined. A testing program would provide 

more detailed information upon which to make a final selection. 
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APPENDIX A 

TREATMENT COSTS FOR NFBH TREATMENT ALTERNATIVES 

The details of estimated equipment and facility storage costs, operating 

costs, and transportation costs are described below. 

A.l TREAH\ENT FACILITY CAPITAL COSTS 

The facility capital costs are detailed in Table A.l. The major assump­

tions include the assumption that the installation costs for the remote equip­

ment. which include the costs for adaptation for remote radioactive operations, 

is equal to the cost of the equipment itself. The volumes of the cells are 

estimated based on the size of the process equipment and the needed space 

around the process equipment to allow operation and maintenance activities 

within the cells. The basic hot cell costs are estimated at $5,300/m3 

($150/ft 3). An additional cost for galleries is included. The gallery volumes 

are assumed to be two times the cell volume and are estimated to cost $880/m3 

($25/ft 3 ). Therefore, the total cost for cell and gallery is $7,100/m3 

($200/ft 3) based on the hot-cell volume. Indirect costs for engineering (15%), 

overheads and fees ( 35%), contract admi ni strati on ( 3%) and cant i ngency ( 25%) 

totaled 78% of the direct costs. 

total cost (last column of Table 

These indirect costs are added 

A.l) for each of the processes. 

costs are also totaled for each of the alternatives. 

to get the 

The indirect 

The interim storage capital costs are shown in Table A.2. These costs are 

directly related to the total volume of the packaged waste. The basic assump­

tion used in determining the costs are that the cell space required is equal to 

nine times the volume of the waste. This allows for some space around the 

canisters for cooling air and overhead crane access. The values calculated 

from this are shown in the column titled 11 Unscaled storage costs.~~ The rela­

tive storage costs were also calculated based on an 0.8 power scaling factor 

and the relative volumes with 416 cubic meters as the reference volume. 
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TABLE A.l. Facility and Equipment Capital Costs(a) 

Hot Cell Constr. Total Direct Indirect Total 
EquIpment, Installation, Vo I u~e, cos3, Cons-tr., Costs, Costs, Costs, 

Process E~ment $ Thousands $ Thousands ft $/ft $ Thousands $ Thousands $ Thousands $ Thousands 

Shredding Shredder 240 240 3,000 200 600 1,080 0,78 1,920 

Low-Pressure Shredder 240 240 3,000 200 600 1,080 o. 78 1,920 
Coll"()actlon Drum Cofll)actor 148 148 8~000 200 1,600 1 896 0,78 __l,_380 

Total 388 388 11,000 2,200 2,980 5,300 

)> 
SupercorJ1)act 1 on Shredder 240 240 3,000 200 600 1,080 0.78 1,920 • 

N Supercompactor 2,800 2,800 10£400 200 2,080 7 680 0,78 Jl..r. 700 

Total 3,040 3,040 13,400 2,680 8, 760 15,600 

Melting Induction Metter 1,600 1,600 10,400 200 2,080 5,280 0,78 9,400 
Otf Gas Systef!l ...!..ti.QQ. 1,700 13,400 200 2,680 6~080 0,78 ...!..2..L800 

Total 3,300 3,300 23,800 4,760 11,360 20,200 

(a) Values are shown In more significant figures than the accuracy of the data to maintain consistency In the calculations. 



TABLE A.2. Four-Month Interim Storage Costs(•) 

Packaged Unsealed Scaled Total 
Volume in Cell Stora~e) storm Capita 1 
Can~sters ~~~{5) Costs, c Costs Costs, • 

Process m /~r $ Thousands $ Thousands $ Thousands 

Shredding 416 33,076 10,287 10,287 12,209 

Low-Pressure 208 16,538 5,143 5,908 11,205 
Compaction 

Supercompact ion 101 8,012 2,492 3,309 18,902 

Melting 58 4,591 1,428 2,119 22,340 

(a) Valves are shown in more significant figures than the accuracy of the data 
to maintain consistency in the calculations. 

(b) Cell space at nine times the four-month canister volume. 
(c) Storage costs at $311/ft 3 = 150 (cell)+ 25 (gallery) times 1.78 factor. 
(d) Scaled costs based on shredding only with others at 0.8 power on volume. 

These values are shown in the column titled 11 Scaled storage costs. 11 The total 

capital costs are then shown in the last column. 

A.2 TREATME1T FACILITY OPERATING COSTS 

The derivations of the annual operating costs for the alternatives are 

shown in Tables A.3 through A.5 for basalt, tuff, and salt disposal, respec­

tively. The annual costs are comprised of three major types of costs: 1) cost 

of operation (i.e., manpower), 2) cost of containers, and 3) cost of assay, 

storage, and certification of the waste containers. These costs are grouped in 

Tables A.3 t 11rough A.5 and then totaled. Basic operating costs are taken to be 

a fraction of the capital costs. The fraction was selected based on the degree 

of operator ';upervision required for the process. Simple processes such as 

cementing ar1'! taken to be 4% of the capital costs. Typically, 8% of the capi­

tal costs ar1~ used as an estimate of the annual operating costs. However, 

annual costs of processes such as separation of wastes into components are 

taken as 10% of the capital costs. 

The detdils of the cost for each of the repository canisters are presented 

in Tables A.3 to A.5. The reference canister cost is that of the OWPF 
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TABLE A.3. Operating Cost with a Basalt Canister(•) 

Container Total Total Total 
Fraction Operating Costs, Number Container Storage, Operat"i ng Operating 
of Cap. Costs, $ Thousands of Costs, Certify, Costs, 62,000 MTU, 

Process Egui~ment Costs $ Thousands/;F Each Containers $ Thousands $ Thousands/F $ Thousands/tr $ Thousands 

Shredding Shredder 0.08 154 5.4 318 1,703 159 2,020 50,000 

Low~Pressure Drum 0.08 424 5.4 159 851 80 1,360 33,600 
Compactiorl Compactor 

» Supercompacti on Supercompactor 0.08 1,250 5.4 77 412 39 1, 700 42,100 . _,. 
Melting Induction 0.08 1,620 5.4 56 300 28 1,950 48,200 

Melter 

1•1 Values are shown in more significant figures than the accuracy of the data to maintain consistency in the calculations. 



TABLE A.4. Operating Costs wlth a Tuff Canister( a} 

Container Total Total Total 
Fraction Operating Costs, Number Container Storage, Operating Operating 
of Cap. Costs, $ Thousands of Costs, Certify, Costs, 62,000 MTU, 

Process Eguiement Costs $ Thousands/lr Each Containers $ Thousands $ Thousands/,)•T $ Thousands/lr $ Thousands 

Shredding Shredder 0.08 154 5.5 290 1,584 145 1,880 46,700 

Low-Pressure Drum 0.013 424 5.5 145 792 73 1,290 31,900 
Compaction Compactor 

Supercompaction Sllpercompactor 0.08 1,250 5.5 ,. 63 344 32 1,620 40,300 . 
~ Melting lndLKtion 0.08 1,620 5.5 36 197 18 1,830 45,400 

Melter 

(a) Values are shown in more significant figures than the accuracy of the data to maintain consistency in the calculations. 



TABLE A. 5. Operating Costs with a Salt Canister( a) 

Container Total Total Total 
Fraction Operati r~g Costs, Number Contair~er Storage, Operating Operating 
of Cap. Costs, $ Thousands of Costs, Cert 1 fy, Costs, 62,000 MTU, 

Process Eguiemer~t Costs $ Thousands/F Each Containers $ Thousands $ 1 housands/.i:r $Thousands/.F $ Thousands 

Shredding Sllredder 0.08 154 5.3 329 1,750 165 2,070 51,300 

Low-Pressure Drum 0.08 424 5.3 164 872 82 1,380 34,200 
Compaction Compactor 

, Supercompaction Supercompactor 0.08 1,250 5.3 80 425 40 l, 710 42,500 . 
"' Melting Induction 0.08 1,620 5.3 46 245 23 1,890 46,800 

Melter 

(a) Values are shown in more significant figures than the accuracy of the data to maintain consistency in the calculat1ons. 



canister, which is currently expected to cost about $4400. This cost was 

scaled to the size of the canisters used in this study. The cost of canisters 
is the most significant for the high-volume waste forms. The cost of assay and 

certification is a direct function of the number of containers. 

A.3 TOTAL TREATMENT COSTS 

The sums of the capital and operating costs of treatment of the 62,000 MTU 

of spent fuel wastes are shown for basalt, tuff, and salt disposal in 

Tables A.6 to A.8, respectively. The decommissioning costs, which have been 

calculated based on 12% of capital costs are also shown. 
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TABLE A.6. Total Treatment Costs with a Basalt Canister (Costs in $ Thousands)(a) 

Equipment and 
Facility Interim Storage Total Decommissioning Total 

Process Caeital Costs Caeital Costs Deerati ng Costs Costs Treatment Costs 

Shredding 1,920 10,300 50,000 1,470 63,700 

Low-Pressure 5,300 5,910 33,600 1,350 46,100 
Compaction 

Supercompaction 15.600 3,310 42,100 2,270 63.300 

Melting 20,200 2,120 48,200 2,680 73,300 

(a) Values are shown in more significant figures than the accuracy of the data to maintain 
consistency in the calculations. 



TABLE A.7. Total Treatment Costs with a Tuff Canister (Costs in $ Thousands)(a) 

Equipment and 
Facility Interim Storage Total Decommissioning Total 

Process Ca[!ital Costs Ca[!ital Costs O_Qerating Costs Costs Treatment Costs 

Shredding 1,920 10,300 46' 700 1,470 60,400 

Low-Pressure 5,300 5,910 31,900 1,350 44,500 
)> 

Compaction 
• 
~ 

Supercompaction 15,600 3,310 40,300 2,270 61,400 

Melting 20,200 2,120 45,400 2,680 70,500 

(a) Values are shown in more significant figures than the accuracy of the data to maintain 
consistency in the calculations. 
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TABLE A.B. Total Treatment Costs with a Salt Canister (Costs in $ Thousands)(a) 

Equipment and 
Facility Interim Storage T ota 1 Decommi ss i ani ng Total 

Process Ca~ltal Costs Ca~ital Costs O~erating Costs Costs Treatment Costs 

Shredding 1,920 10,300 51,300 1,470 65,000 

Low-Pressure 5,300 5,910 34,200 1,350 46,700 
Compaction 

Supercompaction 15,600 3,310 42,500 2,270 63,600 

Melting 20,200 2,120 46,800 2,680 71,800 

(a} Values are shown in more significant figures than the accuracy of the data to maintain 
consistency in the calculations. 
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APPENDIX B 

TRANSPORTATION COSTS FOR NFBH TREATMENT ALTERNATIVES 

Detailed transportation costs for each of the canister sizes are presented 

in Tables B.l through B.3. Each table applies to one type of repository canis­

ter. The number of canisters, number of shipments, number of cask-days, number 

of casks, maintenance costs, and shipping costs are shown on an annual basis. 

The tables also include lifetime costs based on 25 years of operation. The 

casks are assumed to have a lifetime of less than 25 years and to need one 

replacement during the 25 years. Thermal, weight, and size limits for the 

casks are discussed in the body of the report. 

B .1 



TABLE B.l. Transportation Costs for NFBH Treatment Alternatives with Basalt Disposal(a) 

Cast 
Canisters Canisters Shipments Cask-Days Number of Cost, Maintenance, Shipping, 

Process Per Year Per Cask Per Year Per Year Casks S Thousands S Thousands{Y S Thousands/Y 

Shredding 318 2 159 3, 700 l2 30,000 1,500 7,030 60,000 37,500 175,000 273,000 

Low-pressure 159 2 80 1,820 6 15,000 750 3,500 30,000 18,800 88,400 137,000 
compaction 

Supercompaction 17 2 39 881 3 7,500 375 1,720 15,000 9,380 43,100 67 ,50() 

Melting 56 2 28 641 2 5,000 250 1,240 10,000 6,250 31,000 47,200 
~ 

• ,, } Values rounded to three significant figun~s. which exceeds the accuracy OJf the data. N 
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TABLE B.2. Transportation Costs for NFBH Treatment Alternatives with Tuff Disposal(a) 

Cast 
Canisters Canisters Shipments Cask-Days Number of Cost, Maintenance, Shipping, Lifetlme Costs, S Thousands 

Process Per ~ear Per Cask Per Year Per Year Casks S Thousands $ Thousands/Y $ Th~Jusands/Y ~ Maintenance Shipp1ng Total 

Shredding 290 2 145 3,320 11 27,500 1,380 6,410 55,000 34,400 160,000 250,000 

Low-pressure 145 2 73 1,660 6 15,000 750 3,280 30,000 18,800 80,100 129,000 
compaction 

Supercompact 1 on 63 2 32 721 2 5,000 250 I ,410 10,000 6,250 35,400 51,600 

Melting 36 1 36 '" 3 7,500 375 1,590 15,000 9,380 39,800 64,200 

---
"' . I•J Values rounded to three significant figures, wllich exceeds the accuracy of the rlata. 
w 



TABLE B.3. Transportation Costs for NFBH Treatment Alternatives with Salt Disposal(a) 

c~st 
Canisters Canisters Ship~nts Cask-Days Mumber of Cost, Maintenance, Shipping, Lifetime Costs, S Thousands 

Process Per Year Per Cask Per Year Per Year Casks $ Thousands $ Thousands/Y S Thousands/Y Cap1tal Maintenance Shipp1ng Total 

Shredding 329 2 165 3,770 13 32.500 1,63U 7,300 65,000 40,600 182,000 288,000 

Low-pressure 164 2 82 1,880 6 15,000 750 3,620 30,000 18,800 90,600 139,000 
compaction 

Superco....,action 80 2 40 916 l 7,500 m 1,770 15,000 9,380 44,200 68,6L)0 

Melting " 2 23 526 2 5,000 250 1,020 10,000 6,250 25,400 41,700 

"' . ('I Values rounded to three significant figures, which e~ceeds the accuracy of the d4ta. ... 
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