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ABSTRACT 

Eight alternative treatments (and four subalternatives) are considered for 

both existing commercial transuranic wastes and future wastes from spent fuel 
consolidation. Waste treatment is assumed to occur at a hypothetical central 

treatment facility (a Monitored Retrieval Storage facility was used as a ref­

erence). Disposal in a geologic repository is also assumed. The cost, process 
characteristics, and waste form characteristics are evaluated for each waste 

treatment alternative. The evaluation indicates that selection of a high­
volume-reduction alternative can save almost $1 billion in life-cycle costs for 

the management of transuranic and high-activity wastes from 70,000 MTU of spent 
fuel compared to the reference MRS process. The supercompaction, arc pyrolysis 

and melting, and maximum volume reduction alternatives are recommended for 
further consideration; the latter two are recommended for further testing and 

demonstration • 
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)IJW1ARY 

This evaluation compares eight ~ajor alternatives and four subalternatives 

for the treatment of coJTJf'lercial transuranic waste (TRlM) and high-activity 

waste (HAW) based on their f)roduct characteristics, process characteristics, 

and total system economics. The study recommends further consideration of the 

supercompaction, arc pyrolysis and melting, and maximun volume reduction ('1VR) 

alternatives and also recommends testing and demonstration of the last two 

alternatives. This study was prepared for the U.S. Department of Energy (DOE) 

as part of the Nuclear Waste Treatment Program (NWTP) being conducted by the 

Pacific Northwest Laboratory (PNL).(a) 

The wastes selected for consideration in the study include all commercial 

TRUW that have been generaterl and are expected to be generated in the foresee­

able future. The major wastes May originate from a central treatment facility 

for spent fuel rod consolidation, either a Monitored Retrievable Storage (MRS) 

facility (if approved by Congress) or a similar facility at a future selected 

repository. (b) The conceptual MRS faci 1 ity design was used as the reference to 

define waste-generation inforJTJation. An estimated 1,300 JTJ1/yr of untreated 

wastes are to be generated froJTJ spent fuel rod consolidation activities. All 

other TRUW froM non-spent fuel rod consolidation activities at other CO/Tlmercial 

sites can be processed nt a rate of 500m 3/yr. The MRS facility wastes are 

r>Jostly the spent fuel hardware and contat'linated high-efficiency particulate air 

(HEPA) filters fror-~ the central treatrrJent facility. Cemented wastes are 

expected to be the largest volume of non-MRS civilian 1t1astes. The HEPA filters 

are a challenging treatment probleJTJ because they contain organic, metallic, and 

ceramic JTJaterials in intimate combination. Additional types of waste include 

failed equipment, ion-exchange resins, solutions and sludges, 111ixed cornbusti­

bles, and filters. 

(a) Pacific Northwest Laboratory is operated for the Department of Energy by 
Battelle r~emorial Institute under Contract OF.:-ACnfi-76RL0 1830. 

(b) The MRS facility and geologic repository as addressed in this report are 
understood to he facilities currently heing ~valuated by the ont as poten­
tial nuclear waste treatment and long-terfll waste storage and disposal 
faci 1 ities. 
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Table S.l sumarizrs the treatr1ent alternatives that were nnnlyzpd, F."ach 

alternative provirles a treatment ITlf'thod for each of the various 11astes. ~lost 

of the alternatives ~~ould produce several different waste foms and use a 

nul'!ber of processes. These alternatives provirlF! a wide spF!ctrufll of choices 

hath in process complexity and in waste form quality. Most of the alternatives 

were not optirni zerl he fore their se 1 ect ion anrl eva 1 uat ion, anrl therefore serve 

only as general guidance for the decision-11aking process, However, f1axirJUI'l 

Volume Reduction (MVR) subalternatives (4A, 4~. 4C, and 40) were subsequently 

evaluated to optimize Alternative 4 and provide better direction to future 

technology der~onstration activities related to this alternative. 

Althouyh the disposal 1nethod for these wastes has not been selected, it 

has generally been assuflled that the wastes would go to a comhined defense/ 

cofllmercial repository. This assufTlption was used in tl1is study to evaluate 

costs and potential requirer.-rents. If a nongeologic disposal 1nethod is 

selected, analysis and results could differ from those described in this 

report. Flecause the waste for111 characteristics required for disposal have not 

been established, no minimuf'l requirements were used to eliminate any treat11ent 

alternntive. The flldjor concerns ahout wn.ste forrtl quality relate to the fol­

lowing potential requirements: 

., low release rate to meet the IJ,S. Nuclear RF!gulatory Co111rnission (NRC) 

lifllit of less than 1 pnrt in 100,000/yr rPleasPri frof"ll Pngineererl 

harriers 

• no organics or comhustihle materials 

• irn~obilized particulates 

• no pyrophoric potential 

• structural stability (<20~ voirl volu~e in packages) 

• radiation resistance. 

Using a nur1erical ranking nethod and the nhove i1r.tential requirer:-rents we 

arrived at the ranked prorl1Jct vnlues shown in Tatle S,?, where the lowest 

numerical value corresponds to the best. 
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TABLE S.l. Summary of Selected Treatment Alternatives for all 
Comrnerci a l TRWJ and HAW 

Alternative 

1. No Treatr~ent 

~. MRS Reference 

3. <;upercompaction 

4. MVR with necontar~ination 

4A. MVR with Decontafllination 
and Melting 

48. MVR with t~elting Only 

4C. ~1VR with Decontamination 
and Cementing 

40. MVR with Cementing Only 

5. Cementation 

15. Arc Pyrolysis and Melting 

7. Sulfur-Ronded Graphite 

8. Highest-Quality Waste Fom 

General Treatment Scheme 

Package without treatment 

Shred NFBC,(a) cornpact HtPA filters, cernent 
miscellaneotJS wastes 

Compact using high pressure for high volume 
rerluction without high ter~peratures 

11elt activated metals, decontar:Jinate non­
activated metals, incinerate combustibles 
and organics, and 11elt cer1ents, residues, 
and oxides 

Treat all wastes the same as 4 except: 
no treatr~ent of cer~ented wastes from other 
facilities; and combined remote-handled 
treatment of combustibles, ashes, filter 
r~edia, and residues 

Treat all wastes the same as in 4A except 
r~elt rather than decontaminate metal wastes 

Treat all wastes the saflle as in 4A except 
oxides and residues from incineration and 
decontamination are cemented 

Treat all wastes the same as in 4C except 
melt rather than decontaminate metals 

Encapsulate all wastes in cement grouts or 
castings 

Treat all wastes in an arc pyrolysis melter, 
which v.,.ill pyrolyze all organics ancl co!Tlbus­
tibles, and !Tlelt all other !Tlaterials 

Melt all metals, incinerate combustibles, 
and cor1bine ash and residues into a sulfur­
bonded graphite 

Incinerate organics and combustibles, ~elt 

all metals, hot-press resirlues, ashes, anrl 
cerarli cs 

(a) r>JFBC = non-fuel-bearing cor1ponents of spent fuel. 
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TABLE 5.2. Va 1 ues of the \·las te 
Characteristics anrl 

Treatlllent Al tE·rnat i ves ~~) Uas te 
Process Characteristics 

Alternatives 

l. rJo Treatment 

? • t1RS Reference 

3. Supercor~paction 

4. MVR with Decontar'linatinn 

4A. '1VR with necontar11ination 
and Melting 

4R, MVR with Melting Only 

4C. MVR with !1econtami nation 
and Cementing 

4D. MVR with Cementing Only 

S. Cementation 

6. Arc Pyrolysis and Melting 

7. Sulfur-Bonded Graphite 

8. Highest-Quality Waste Fom 

(a) Lowest values are best. 

Waste Forfll 
v~lue 

1 '/'00 

1,100 

~·40 

no 
f'IO 

fiOO 

fi60 

650 

1,?00 

!i80 

620 

?30 

Process 
Value 
nqo 

I, 700 

? ,400 

ln,OOO 

q' ]00 

8,500 

8,300 

7,500 

3,600 

7,700 

14,000 

?0,000 

Form 

The processes in each of the alternatives were also numerically ranked by 

cor1bining the value for each process for hath the contact-hanr!led {CH) anrl the 

re~ote-handlerl (RH) wastes based on their processing characteristics of opPra­

tional safety, processing sil'lplicity, il:nd status of technology. TableS.? 

shov1s the combined CH anrl RH product and process 11alues and indicates the 

desirability of the single-process or few-process alternatives. Here, to0. t~1e 

lowest nuMerical value is the best. 

Rased on waste cor~position and expected product characteristics, the vol­

umes of treated waste were calculated for each of the alternatives. These 

volu"les can significantly iMpact the costs of transportation and repository 

disposal (Table S.3). The treatr1ent costs inclurlE' the costs of the equir11ent, 

facility, certification, canisters, emplacement of waste in canisters, four­

rrronth interif1 storage capability for the treated 11astes, and decormissioning. 

The transportation costs are based on shipping the wastes 2,000 r1iles by train. 

X 
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Tll.i\LF <;,3. Final I.Jastfi;' yolur.~es and Total life-Cycle Costs for Management of TRUW and HAIJ fron 
78,000 ~~TIJla 

1 • 

2. 

3. 

4. 

Al-ternatives 

No Trea-tment 

MRS Reference 

Supercompac-t I on 

MVR wi-th Decon-tamina-tion 

4A, MVR wi-th Decon-tamina-tion 
and Meltlnq 

48, MVR wi-th Mel-ting Only 

4C, MVR wi-th Decon-tamination 
and Cemen-tln9 

40, MVR with Cementing Only 

5, Cementation 

6, Arc Pyrolysis and Meltlnq 

7, Sulfur-Bonded Graphite 

8, Hlqhest-Ouallty Was-te Form 

Final Waste 
Vo I ~me, 

m 

2,900 

1,090 

385 

181 

267 

294 

338 

378 

1,345 

212 

400 

250 

Treatmen-t Costs: 
Capital, Operatlnq, 
& Decommlsslonlnq: 

'" -
210 

123 

84 

172 

128 

121 

123 

113 

145 

151 

142 

210 

Transporta-tion Costs: 
Capital & Operatlnq, 

'" . 
971 

326 

116 

84 

113 

104 

129 

119 

387 

89 

122 

108 

Disposal 
Costs, 

'" 2,055 

1,327 

743 

531 

622 

631 

731 

736 

1,437 

562 

732 

619 

Totals, 
$M 

3,236 

I' 776 

943 

787 

863 

856 

983 

968 

I ,969 

802 

996 

937 

Savl nqs Compared 
to ~s 

Reference, $M 

(1,460) b 

833 

989 

913 

920 

793 

808 
( 193) (b) 

947 

780 

839 

(a) Values are shown In rrore slqnltlcant t!qures than the accuracy of the data to maintain consisTency of the calculations. 
(b) Added cost compared to Alternative 2, 



The disposal costs are based on 

repository with the spent fuel. 

fue 1 • 

disposal of the wastes in a postulated basalt 

All costs are based on 70,000 MTU of spent 

The disposal cost dominates the total system cost, followed by transporta­

tion costs, and then treatment costs. Savings in transportation costs alone 

justify more extensive treatment of the wastes to reduce the volume. Treatment 

costs account for only 7% to 22% of the total system cost, depending on th~ 

alternatives considered. Furthermore, there arE additional large potential 

savings when comparing the more extensive treatrr!ent alternatives to the MRS 

facility alternative. These savings appear to justify a significant effort to 

develop, demonstrate, and implement volume reduction technology for these 

wastes. 

To obtain a single value for each process, we first normalized the was:e 

form and process values in Table S.2 and the costs shown in Table S.3, and then 

the normalized values were summed. To normalizE a given set of values, the 

lowest va 1 ue was divided into the other va 1 ues such that the 1 ow est va 1 ue was 

one. The scale was then expanded linearly so that the largest value was 100. 

These ratings are shown in Table 5.4. This normalization procedure puts costs, 

waste form characteristics, and process charactEristics on similar numerica-l 

scales, which can then be added directly or can be multiplied by weighting 

factors and then added. Based on this evaluaticn, supercompaction, MVR, and 

arc pyrolysis and melting are the best alternatives. In addition to the di,-ect 

summation of the ratings for costs and characteristics shown in the last co-lumn 

of Table 5.4, weighting factors of between one and nine were also applied. At 

least one of the top three alternatives identified by equal weighting was also 

a top alternative when other weightings were applied. 

5upercompaction is a developed technology and is commercially available. 

However, the products from supercompaction would not meet many of the potPn':ial 

disposal requirements noted previously. The arc pyrolysis and melting process 

is untested but has been. designed for treatment of capacitors containing 

polychlorinated biphenyls (PCBs) and for treatment of municipal garbage. It is 

an attractive process but considerable testing and demonstration would be 

required for TRUW treatment needs. The MVR alternative had the lowest 

xi i 



TABLE S.4. Summary of ~~aste For~~)Process, and Economic Ratings 
for Each Alternative 

l~aste Form Process Economic 
Alternative Rating Ratin2 Rating 

I. No Treatment !00 l !00 

2. MRS Reference 6! 7 36 

3. Supercompact ion 48 !0 7 

4. MVR with Decontamination !5 79 l 

•A. MVR with Decontamination 29 45 4 
and Melting 

4B. MVR with Melting Only 28 4! 5 

4C. MVR with necontamination 33 40 7 
and Cementing 

40. MVR wlth Cementing Only 33 36 9 

5. Cementation 64 !6 45 

6 Arc Pyrolysis and Melting 24 37 2 

7. Su 1 fur-Bonded Graphite 27 70 !0 

8. Highest-Quality Waste Form l !00 6 

(a) Lowest values are best. 

potential cost but requires numerous processes~ many of which have been 

previously used for nuclear waste treatment. 

Tot a 1 

201 

!04 

65 

95 

78 

74 

80 

77 

!25 

63 

!07 

!07 

The evaluation of MVR subalternatives (4A, 48, 4C, and 40) indicates that 

an optimized strategy would not treat the previously cemented wastes, nor would 

it decontaminate the nonactivated metals. Both of these process si~plifica­

tions would come at the expense of higher total costs. 

It is recommended that after additional demonstration of the arc pyrolysis 

and ~elting process and the MVR process, an additional evaluation and compari­

son of the two processes should be conducted before a final decision is made on 

which treatment technology to i~plement. 

xi i i 
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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 Treatment Program (NWTP) being 

conducted by Pacific Northwest Laboratory (PNL). The study was conducted in 

collaboration with related work being carried out for the DOE Office of 

Civilian Radioactive Waste Management (OCRWM). The objective of this study is 

to provide analyses of various transuranic waste (TRUW) treatment alternatives 

at an MRS facility (or a repository receiving and handling facility) and the 

cost impacts of these alternatives on the total waste management system. 

Transuranic waste and high-activity waste (HAW) may be generated during 

the spent fuel handling and consolidation operations for commercial spent fuel 

at either a Monitored Retrievable Storage (MRS) facility (U.S. DOE 1986a), if 

approved by Congress, or at a receiving and handling facility at a deep 

geologic repository. These categories of waste may also be generated in 

smaller amounts by various research laboratories, nuclear power reactors, the 

decommissioning of mixed oxide fuel fabrication plants, and other commercial 

facilities using transuranic (TRU} radionuclides. 

Transuranic waste is defined as material contaminated with TRU radio­

nuclides in concentrations greater than 100 nCi/g of waste. Transuranic waste 

can be present in a wide variety of forms. Original commercial TRUW forms are 

expected to include failed equipment, fuel hardware resulting from spent fuel 

consolidation, ventilation filters, process cartridge filters, process solu­

tions and sludges, spent ion exchange media, previously cemented wastes, con­

crete rubble from the decommissioning of nuclear facilities, and general trash 

(which can include paper, rags, wood, glass, metals, plastics, and ceramics). 

The final disposition of commercial TRUW has not been determined, but it is 

expected to be in deep geologic repositories similar to the disposition of com­

mercial spent nuclear fuel and high-level waste (HLW}. In this case, the TRUW, 

in combination with other engineered barriers in the repository, may be 

required to meet the U.S. Nuclear Regulatory Commission's (NRC's) requirement 

for limiting the fractional release rate of radionuclides to less than 1 part 
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in lllO,OOO/yr. It is likely that most of the wastes will need some type of 

treatment to meet this limit, Tests of the selected final waste forns will be 

needed to confir~ their acceptability. 

4igh-activity wastes are generated in reactors where structural materials 

in the fuel assemblies are subjected to high neutron fluxes and becor1e radio­

active. Steels containing cobalt become activated to the yreatest extent due 

to the formation of cobalt-60. Niobium-94 and nickel-59 are also formed in 

sufflc'ient concentrations to be of concern, The concentrations of these three 

isotopes are often sufficiently high that the wastes exceed the lifl1its for 

Class C LLW as defined in 10 CFR 61 and thereforE are excluded from low-level 

waste (LL\.1) disposal. In a previous study (Ross et al. 1985}, it was noted 

that the disposal of HAW at an LLW site may also be more expensive than 

disposal of HA\~ in a geologic repository, Therefore, HA\4 is being considerer 

along with the TRmJ in this study. Disposal requirements have not yet been 

established for these wastes, 

The MRS facility (if i111plemented) or the repository receiving and handling 

facility will generate the largest amount of TRlM from civilian nuclear activ­

ities. The MRS facility is to be a central facility for fuel rod consolidation 

and el"1placement of waste in canisters and for interifTI storage of commercial 

spent nuclear fuel and HLW. Because this large -~acility must have systerns for 

treatment of its internally generated TRUW (and LLW), it is reasonable to 

consider it as a potential central treatment faclity for the treatment of the 

Sl'laller amounts of TRU~J generated in the myriad of commercial facilities prior 

to their disposal. It may well be ir:1practical for the other TRU\.1-generating 

facilities, which are typically small, to convert their TRUW into a form 

suitable for disposal. If the i~RS facility is not ir1plemented, the geologic 

repository will have equivalent facilities for consolidating and packaging the 

incoming spent fuel and HL\4 (U.S. DOE 1985a); an1j the reposltory may generate 

aP"Jounts of TRlM sirni 1 ar in nature to those expected to be generated by the fi!~S 

facility, In this case, the repository could serve as a central facility for 

recelving, treating, and packaging TRUW from the other civilian sources. 
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The MRS facility (or the repository receiving and handling facility) and 

the other generators of TRUW from civilian nuclear activities will generate a 

broad range of TRUW forms. These wastes will also have a broad range of beta­

gamma radioactivity levels which will require shielding and remote handling of 

significant amounts of the TRUW. The MRS facility (or the repository rece1v1ng 

and handling facility) will generate TRUW that includes almost all of the waste 

forms and radioactivity characteristics expected from the other TRUW sources. 

Because of the wide variety of original TRUW forms, it is reasonable to con­

sider and evaluate the impact of alternative treatments on the waste management 

system and the impact of using the MRS facility (or the repository receiving 

and handling facility) for treating TRUW from the other sources. 

Eight alternatives (with differing fundamental objectives) and four sub­

alternatives have been analyzed and are described in this report. The results 

of the study provide the DOE with a basis for making decisions and further 

evaluations about the scope, schedule, and budget for TRUW studies. This study 

also provides input to the DOE for waste treatment alternatives at the MRS 

facility or deep geologic repository. 
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2.0 CONCLUSIONS AND RECOMMENDATIONS 

This study on treatment alternatives for commercial HAW and TRUW has 

identified the directions and incentives for treatment of these wastes. Three 

types of conclusions and recommendations are made: first, general observations 

on important factors identified in the evaluation; second, recommendations on 

the preferred alternatives of those evaluated; and third, recommendations for 

further work. 

2.1 GENERAL OBSERVATIONS AND CONCLUSIONS 

• The disposal method and waste form requirements for disposal of TRUW 

are uncertain and need to be defined. The lack of definitive 

requirements for the waste forms may result in the design and imple­

mentation of more costly or inadequate treatment technologies. 

Disposal of TRUW in a deep geologic repository with requirements 

similar to HLW will require that the wastes be extensively treated. 

The major concerns about waste form quality relate to the following 

potential requirements: 

low release rate to meet the NRC limit of less than 1 part in 

100,000/yr released from engineered barriers 

no organics or combustible materials 

immobilized particulates 

no pyrophoric potential 

structural stability (<20% void volume in packages) 

radiation resistance. 

• There are major opportunities to reduce the volume and increase the 
quality of the waste forms for TRUW and HAW. 

• Processes that can treat all of the wastes in a single system, such 

as supercompaction and arc pyrolysis and melting, are very attractive 
from a processing perspective. 
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• Volume reduction strongly influences the trc,nsportation and disposal 

costs and can significantly improve disposal economics. 

• Extensive treatment could result in life-cycle system savings of 

nearly $1 billion for 70,000 MTU of spPnt fuel. 

• High-efficiency particulate air (HEPA) filtE·rs and mixed combustible 

wastes are the most difficult wastes to tre<tt because of their 

heterogeneous makeup. 

2.2 RECOMMENDATIONS OF TREATMENT ALTERNATIVES FOR DEMONSTRATION AND DEPLOYM'NT 

• Supercompaction is available commercially and has exhibited a good 

overall ranking. Adopt this method if it cctn reasonably be 

determined that the resulting waste forms ar-e acceptable. However, 

with the current uncertainties in waste form requirements, it is 

prudent to have other technology available to produce higher-quality 

waste forms. 

• The arc pyrolysis and melting process is al~.o a very attractive 

alternative because it can handle all of thE· wastes in one unit and 

give high volume reduction with good quality waste forms. Because 

the process is not well known, confirm its feasibility to determine 

the limits of its application and its ability to process all of the 

wastes in future applications. If its feasibility is confirmed, 

strongly consider its demonstration for TRU~I treatment applications. 

• One of the variants of the maximum volume rE•duction (MVR) alternative 

should be developed, because it appears to offer the most potential 

for successful improvement of the treatment system and thus should be 

the prime candidate for further development. It offers the best 

system economics and will produce higher quality waste forms. 

Because it employs multiple processing steps, it has significant 

flexibility and the ability to further tailor the final waste form. 

For this alternative, treatment of previously cemented wastes should 

be avoided if possible; decontamination of metals is of marginal 

value; and oxide melting is preferred over cementing. 

2.2 



• 
2.3 RECOMMENDATIONS FOR FUTURE IIORK AND EVALUATION 

• Begin accelerated testing and der:mnstration of the arc pyrolysis and 

rnelting alternative. Identify in greater detail the capabilities, 

limitations, waste form quality, costs, and risks associated with the 

process. 

• Test, evaluate, and/or develop a syste111 for separation of I'Yaste 

forms, an incinerator, a 111etal melter, and an oxide and residue 

l'lelter for the MVR alternative. 

• flemonstrate the arc pyrolysis and melting and the MVR alternatives in 

parallel paths until one is clearly shown to he superior and 

adequate. 

• Carefully consider the design and use of HEPA filters and facility 

off-gas systel'ls as ways to reduce the volume of waste generated and 

to simplify waste treatment. 

• Update this analysis as more information becomes available on 

disposal requirements, waste forms and volumes, and behavior of 

treatment processes. 
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3.0 STUDY APPROACH 

This study is the first step in the development of an integrated TRUW 

treatment technology for current commercial wastes and wastes that will be gen­

erated during the consolidation of fue1 rods from commercial spent fuel 

assemblies. 

The various steps used for the potential development and application of 

treatment technology are illustrated in Figure 3.1. Following this treatment 

analysis, development and demonstration activities arP identified for the key 

elements of the preferred alternatives. These activities include early devel­

opment of selected treatment alternatives and more detai 1 ed eva 1 uat ion of 

specific processes for the selected alternatives. For example, if separation 

of HEPA filters into their various components is selected, then it would be 

necessary to review and develop several of the various separation methods 

identified in Section 6.0. Concurrent with this developmPnt, waste forms (from 

the treatment processes) would be characterized and evaluated during the early 

process development period [(i.e., to meet production needs and waste accep­

tance criteria (WAC)]. Following these activities, th~ selection of each of 

the specific technologies would be made. and pilot-scale processes would be 

demonstrated using both nonradioactive and radioactive materials. The tech­

nology would then be ready for deployment. 

The schedule for these activities is short with MRS milestones for the 

selection of the treatment alternativP in March lq87, for sub,nittal of a 

license application in January 1gsg, and for equipment to he designer! and 

installed for the prototype tests of the consolidation eq11ipment in March 1990 

(U.S. DOE 1985c). 

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

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

the various sources of commercial waste and the current MRS facility design was 

obtained and integrated into the waste-generation data provided in Section 5.0. 

The possible treatment alternatives for each of the waste types were examined 

(see Appendix A). and eight alternative waste treatment objectives and 

processes were identified (see Section 6,0). flvallab1e information was then 
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FIGURE 3.1. Steps of the Planned Development and 
App 1 i cation of T reatrnent Techno 1 ogy 

used to calculate the volumes of treated waste to define the waste forms that 

would be generated hy the alternative treatment processes (see Section 6.0). 

The treated waste volumes are the key factors in determining transporta­

tion and disposal costs, and also impact the process equipment requirements and 

processing costs given in Section 7.0. The waste forms postulated to be gener­

ated from all of the treatment alternatives and the unit processes to be used 

in the alternatives were identified, rated, and compared (see Sections 8.1 
and 8.2). 
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4.0 STUDY BASIS 

This section identifies the major technical bases and assumptions used in 

the study and the regulatory background for this study. The bases were applied 

to the overall study approach described in Section 3.0 and were used to develop 

the detailed data and analyses presented in the subsequent sections. 

4.I TECHNICAL BASES AND ASSUMPTIONS 

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

below. 

• The wastes are assumed to be processed at a central treatment 

facility. This includes wastes from an MRS facility or from the 

front-end spent fuel handling and treatment facility at a geologic 

repository, and TRUW from other commercial activities. The treated 

TRUW and HAW are shipped by rail to a geologic repository, and the 

LLW (if generated) is shipped by truck to a shallow land burial 

ground. 

• The MRS facility is the reference central treatment facility for this 

study. The intact spent fuel assemblies are received at the MRS 

facility, where they are disassembled and the consolidated spent fuel 

rods are packaged into canisters. The filled canisters are either 

sent to in-cell lag storage, loaded into rail transportation casks 

and transported to a repository, or placed in sealed concrete storage 

casks on an outside storage pad, pending shipment. 

• The central treatment facility is assumed to process 70,000 MTU of 

spent fuel at a rate of 3,000 MTU/yr for 23,3 years. The facility 

also receives TRUW from other commercial facilities during this time. 

• The quantities and characteristics of repository-bound wastes from 

the central treatment facility ~>~ere derived from the conceptual 

design report on the MRS facility (Parsons Co., Westinghouse Electric 

Corp, and Golder Associates 1985a, 1985b). These wastes are assumed 

to result from the consolidation of spent nuclear fuel, which has an 
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average integrated exposure of 33,000 MWd/~lTU and has been aged 

10 years since being discharged frorn the n·actor. 

• The quantities and characteristics of offsite commercial TRUW 

received at the central treatment facility are based on unpublished 

estimates by PNL staff. The TRUW estimatec to be backlogged in 1998 

from these commercial facilities [e.g., raciolsotope generators and 

users, research and development (R&D) laboratories, nuclear power 

reactors, decommissioning of fuel fabrication facilities, etc.] are 

to be received and processed during the first 10 years. The commer­

cial wastes, generated and received annually after the initial wastes 

are processed, are assumed to be of the same types and quantities as 

the backlogged waste. 

• Remote-handled wastes generated or received at the MRS facility are 

assumed to be TRUW and HAW, which are to be disposed of in a deep 

geological repository. One quarter of the CH wastes generated at the 

MRS facility are assumed to be TRUW; the ot1er three quarters are 

assumed to be LLW, which are not considered further in this study. 

The management of all secondary wastes resulting from any of the 

treatment schemes evaluated in this study i·; considered, even if they 

are LLW. 

• Management of the TRUW considered in this s1:udy begins with the pre­

treatment and continues through treatment, canister filling, certi­

fication, final four-month lag storage, and transportation to, and 

emplacement in, a disposal facility. The fr·ont-end handling activi­

ties (i.e., receiving and unloading, front-e~nd lag storage, and gross 

sorting into CH and RH and general waste ty~~es) are not considered in 

this study. 

• The definition of TRUW here is from the Environmental Protection 

Agency's (EPA's) final rule 40 CFR 191 (U.S. EPA 1985b): '"Transu­

ranic radioactive waste,' •.• means waste ccntaining more than 100 

nanocuries of alpha-emitting transuranic isctopes, with half-lives 

greater than twenty years •.•. " 
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• Transuranic waste and HAW considered here are assumed to be disposed 

of concurrently with spent fuel and HLW in a deep geologic repository 

in the west~rn part of the United States. T~us, t~e impacts of 

various TRUW and HAW treatment strategies on waste disposal thus are 

incremental to the disposal of the spent fuel and HLW. 

• Detailed waste form and packaging requirements for disposal at a geo­

logic repository are a primary basis, but are still unknown. The 

treatments studied provide a broad range of waste form characteris­

tics. Final waste canister designs may also vary. 

• All cans of repository-bound wastes from the central treatment facil­

ity undergo inspection, assay, certification, and labeling. 

• All costs are in unescalated 1985 dollars. 

• Capital, operating, and decommissioning costs of the waste treatment 

facilities were estimated by the authors and based in part on 

McKee et al. (1984), Ross et al. (1985), and Parsons Co., Westing­

house Electric Corp. and Golder Associates (1985a). Research and 

development costs were not evaluated. 

• Only one transportation system is defined and used for treated TRUW 

and HAW and secondary LLW resulting from TRUW and HAW treatment. The 

transportation system and its costs are those used by DOE (1986c). 

• Repository disposal costs are based on a previous study (Ross et al. 

1985), which used information derived from the Repository Economics 

{RECON) model (Clark, Schutz and Luksic 1985) for a repository in 

basalt rock. Costs for disposal of the secondary LLW are determined 

using the cost schedule dated July 15, 1985 (Chem-Nuclear Systems, 
Inc. 1985). 

4.2 REGULATORY BACKGROUND 

The decision on the methods for disposal of TRUW and HAW have not been 

made, and detailed requirements have not been established. However, the final 

treated waste form and its canister will have to meet federal regulations for 

interim storage, transportation, and ultimate disposal. This section 

4.3 



summarizes the major regulations for TRUW and HAW management with respect to 

their potential impact on the selection of TR\JvJ and HAW treatment strategies 

and subsequent waste management steps. 

4.2.1 Generally Applicable Regulatj~Q_0_2>_ 

The basic federal regulation for environfn'2.n·:al radiation protection for 

the operation of uranium nuclear fuel cycle facilities is stated in 40 CFR 190 

(U.S. EPA 1985a). This regulation applies to th·~ waste management steps of 

waste generation, treatment, and storage, anrl th•: filling and presealing of 

waste disposal repositories, but it does not apply to the disposal period. -he 

basic federal regulation for radioactive waste disposal is stated in 40 CFR 191 

(U.S. EPA 1985b). 

The basic NRC regulation, "Standards for Protection Against Radiation,'' is 

stated in 10 CFR 20 (U.S. NRC 1984a). This regu'ation gives some dose limit~. 

and refers to 40 CFR 190. The 10 CFR 20 regulation also states that antici­

pated doses should be reduced to as low as reasor1ably achievable (ALARA). 

The basic regulations regarding protection c•f the public against radiation 

during transportation of radioactive materials ar·e also covered in 10 CFR 20. 

Specific regulations have been issued by the U.S. Department of Transportation 

(DOT) in 49 CFR 171-174, 177, and 178 (U.S. DOT 1984) and hy the NRC in 

10 CFR 71 {U.S. NRC 1984d). These latter two re~ulations specify packaging 

requirements, radiation limits, labeling requirenents, handling procedures, and 

security procedures. The principal performance requirement for transportation 

of TRUW and HAW is for containment, which is generally provided by the outer 

transportation packaging [i.e., the cask for RH-TRUW, or the Transuranic 

Package Transporter (TRUPACT) packaging for CH-TRUW]. 

4.2.2 Regulations Related to Release Rates (ro~iepositories 

Detailed regulations anc! rPquirements for conmercial TRUW and HAW forms 

are not yet available. However, some regulations have been developed for HLW 

[10 CFR 60 (U.S. NRC J984b) and 40 CFR 191] and L.W [10 CFR 61 (U.S. NRC 

1984c)]. The Nuclear Waste Policy Act of 1982 (.~WPA} provides direction for 

the disposal of HLW and spent fuel, b11t does not •;pecifically address TRUW. 

However, RH-TRUW could be interpreted as HLW in the NWPA by the following 
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definition of HLW: "other highly radioactive material that the Commission, 

consistent with existing law, determines by rule requires permanent isolation. 11 

Detailed requirements and specifications have been prepared for TRUW, generated 

by national defense programs, that is to be sent to the Waste Isolation Pilot 

Plant (WIPP) (Westinghouse Electric Corp. 1984). 

In anticipating waste form requirements for commercial TRUW and HAW, a 

range of possibilities has been considered. The minimum requirements will 

likely be those that are applied to wastes going to the WIPP and/or those for 

commercial LLW Class C. The maximum requirements would be those applied to 

commercial HLW if TRUW and HAW are disposed of in a commercial geologic reposi­

tory. This section identifies all of the potential requirements that could be 

applicable to TRUW and HAW forms and canisters. Table 4.1 has been constructed 

to provide a perspective of the potential disposal requirements for TRUW and 

HAW. It is recognized that some of the requirements {e.g., those for subsi­

dence on the LLW site) may not be applicable to deep geologic repository dis­

posal. Therefore, strategies have not been selected for evaluation based 

solP.ly on their ability to meet the most stringent requirements. A brief dis­

cussion of the waste form requirements as they relate to release rates from 

repositories is provided in the following subsections. 

EPA Requirement for TRUW 

Regulation 40 CFR 191 specifies the minimum concentrations of radio­

nuclides in radioactive waste required to classify it as HLW. These values are 

identical to the maximum limits for waste acceptable for shallow land burial, 

provided in 10 CFR 61, and also include some radionuclides not specifically 

identified in 10 CFR 61. However, note that 40 CFR 191 deletes a table in 

prior drafts that gave numerical concentrations for classifying HLW. 

The EPA requirements for disposal of TRUW and HLW do not directly state 

waste form or canister requirements; instead, they specify the limits in terms 

of the amounts of TRUW constituents that can be released to the accessible 

environment over a period of 10,000 years per 1 million curies of TRU nuclides 

present in TRUW. 
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TABLE 4.1. Summary of the Regulations/Criteria Related to TRUW and HAW 
Form/Canister Requirements 

C~drOCterist IC 

2 PackagP charocterJStlV; 

3 Package co~siderat1ons 

4 Waste form 

5 Waste forrn 
combustibility 

6 Free liquid content 

Explosives content 

8 Toxic gases, vapors 

9 Pyrophoric rnaterial 
content 

10 Gaseous waste 

12 Hazardous, hlologlcally 
pathoyeni c, infect 1 ous 
material 

~ourcp 

1-i!P? 

In u~ til .ll11l-_1r l1fr w1Ch :>Ylr ~c<;t~ for"l'i (-;e•' "or_hpr·" ~plow}: 1J~>'> 
Typp A tron<;portat1nr r"r:JirP"IP~t·;, "l-11nl11n cnnt1ior'rPot 
~11r1ng tran<>pnr!ot I'"'• '"'~lac•''~'·~t. rptrirv~l 

lrl Cl'k ili) ChPinlCol-pllf<;l',Ol-nJclrcr chclrdcl.prl<tic<; Ul•ipatlhl~ wTth 
rro8>ltory; 3110- to ),lll·rJ-vr !1IP of~_pr r;>p~sltnrv ci"~'P''' 

li! CFR ~1_1 )tJ]J'llilty; .lXli"l"'l/rcdr,rlng ;>otenr.ial, rorr·os10n; 
hydn '11 ~'J, Jd> ~,~,r~'- i r n. t'wrn~o I l oo~<; ond pffPcts, s':rp~<;, 
radhlysis: r~tar~~':'O~ nf rd:lion,Jclide rn1~rati0n: lf>M-'11~~; 

firr/r~plns1o~ hoJorris, syoPrJi'itic inte>rMilnn~ 

l>l Cf~ lil If no 1illl-yr sont~l~f'r ro, w'l<;'_p f'lP1 •"OI<;C h<> rP<;i~t~nt tn 
r~.ji;Jtion :D'' P1~, ll; n•<;lSI~~~ t.n hir-,~pqr~rliltlnn l~st_, 
)pa~~lrt;, ~reeki~w~ frnr" w~t_pr 1'11"1Pr>irm, ond hrP~k~n .. ,~ ~-rn"l 

thernJ~l cycl1nq •<><;t_ or1 h~v<> con~prr>~siv<> strrnqth >5n p~i 

liJ CF~ 6:) 

W!PP 

WAP':i 

10 [F-1 " 
WAPS 

RWIP 

Ill CFR ;t 

WIPP 

WAPS 

WI Pp 

\JA~S 

w UR ol 

10 CF'-l ol 

W! PP 

···~"' 
!ll CFR ol 

l·lAI'~ 

WPP 

II! CFR li! 

Must h~ nonutrnhllsti 1>lp 'rn'"'' 1hnwn that firP w1ll ~r-,t 

COnlprOnli'iP S~fPty 

~o oryan1cs ,dlowed 

c0rros i ~n -protPct <>ct 

None a II r-,wp~ 

AJ)'lWI'd only if lntl•;at_"j'/ o-;S'lf IOIP•I WltO <"«~illnlJ<;ll•'<-><. 
pyr~phnrlt;<; r1w;t 'w <1 •;t_~ qf >tor;tco 

<221) kq/r~~ ,,r.)dnl: in ?1~-L q~l -jr,Jnl'i. <]Ill! k~/01 1 1n otlwr 

rontaJ•Jprs 

~wlr.rp no~rarii'JIO,Jlcal nor~ 1'1 il> In'" dS .1r~ct Jc,nlP, r;pp 
;J-J ~Pl~w f,v hranc~ pn;1•1on ,hliJPr rpr]ulr""'''~ts tor Ll'' 
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TABLE 4.1. ( contd) 

RPqui rement<; 
llo. Chrlrdcteristic Snurcr 

Comuool''' ~O<;P<; fro'~ lll ~'R 

49.£~il Pl, '1/:~". owl 
~1 1'/rl ~]' 

"''\P S '· " 
1 

------------~-~~ 
13 Structural stability 

14 Void spaces 

I~ Release rate frof'l 
reposltory to 
environment 

16 nose to puhlic 

17 ldentif1cation 

113 Other 

10 CF~ 61 >or01 nr contdiner ·nu<;!_ hP struct,Jr,,lly S!.,J'llP 1n r'i<;p~sdl 

environmert, ~PP olsll hra~ch DOSitl~n popPr f-1r 11_1A ~Plow 
( .;j ~ ) 

\lAP) Canisu•r must Wl~hstan1 •J-m 1rCJ)J wltho:Jt ~r,'d''"~ 

10 CF~ Iii Rerluce to Pxtent pr~ct1c~l 

40 CFR jg] Prnhahility d),] that r~IPdS~ villiiP'i 10 ]fl,,l:lfl VPJr<; will 
~XCPPrl those 1n FPA to~], 

]I) CFR (,IJ fro'~ pnqlnt>ererl horrwr, <]11-~/yr of ],r)ll'l-vr 1nv<>ntnry. 
not applico~le tn ra<i1onucl1rl!'s r~leo<;Pd <n.J"- ~· nJc,JlotP~ 

total r~lPa<;P ratP 

40 CF~ I'll For lOOn yrars, <(5!7'1 ·orP'"/yr + .~LAR,\: <1 ·~r<>•niyr ~rrn ~y w~ 

<\~ "'re•n froM ~lph~ rari1onrJcl1~es in il'JillfPr 

Ill (FR ~() Perm~nent anrl uni~oJP 

II) CFR 61 llranch t~chmcal po>rtiQn p~pf'r (il,';, 11."lC l1,!Ja1 ~rvP<; rlPT_oll<; 
on waste form rPquirPrlPnt<;: (Ornpr.--.<;SlYf' s'~"rr;lh .>'iO p<;i pe>r 
liST"! C39 aft<?r flail tests: 
- Expose t0 lrJ R~1 

Resistant to blod~grarlation test (~STM G?l-~::'21 
Resistant to 90-c1ay le~k test (lf'~Ch~hlilty 1~~"' >(,per 
MIS 16.1) 
ResiStant to im,ersion 90 days 
Resistant to thPre,~l cycl1nq +60 to -~llf, '30 t,,,, 
(ASTM ll5~4, Sect inn 3) 
Destructivf' analyo.1s t0 ass,Jr~ hornogr>ne1ty 

Or for 3UIJ-yr contaroer: 
3 Strength wrth l~O lh/tt overh•Jrr!PO 

Resista~t to tn ~~rl 

Resistant to biorlPgradot.lon test as ahnvP 
~esistant to thermo! cycli~q a<; ahovP 
Contents i nspectJ~ I P 
Pa~s i ve vent 
'lit~stand 3-G lift1o~ ina~ 

II!PP CH <3.5 J.//m1: ~H <}'l:l W/con: <?i1c) <l fi<;s~'"/?I)H-L rral '1'""1, 
CH <2nD mre·,/h", ·'" <lOll n>·n/hr: <J •]/ft f1ssr iP R11 

(a) WAPS Waste Acceptance Pr~li'lllnary Specifications for ~lest Vallry Denronstrati0n ,n1 ll~f~r·;~ ·.;.,q~ 
Processing Facility High-LPvpl Wa'itP Form<; (IJ.S. I)~[ JWlf,~, P'1flc!, 
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Essentially all of the activation products in irradiated fuel hardware 

eventually are in the TRUW and HAW. Carbon-14 i~. the only activation product 

that appears in the EPA list of specific isotope~. of concern; thus all other 

activation products can be put into the EPA cate~Jory of all other non-TRU 

nuclides. The EPA limit for releases of thes~ other non-TRU nuclides is the 

same as for the fission products cesium-135, cesium-137, strontium-90, and 

tin-126. 

NRC Requirements for TRUW 

The NRC has not developed regulations or di~;posal requirements, specifi-· 

cally for TRUW forms, but their HLW regulations in 10 CFR 60 are stated to be 

applicable to all radioactive wastes that are di~.posed of in a geologic reposi­

tory. The supplementary information, for 10 CFR 60.113 (U.S. NRC 1983a), 

emphasizes that release rate limits apply to all radionuclides that are dis­

posed of in a geologic repository and specifically includes those from TRUW. 

Regulation 10 CFR 60 states that containment within the waste packages 

must be substantially complete for a period of at least 300 to 1,000 years 

after closure of a repository. In addition, the release rate from the engi­

neered barrier system (which includes any caniste~r. overpack, and backfill 

materials) shall not exceed 1 part in 100,000/yr of the inventory of each 

radionuclide calculated to be present at 1,000 yPars following permanent 

closure. (This limit does not apply to any radionuclide that is released from 

the engineered barrier at a rate of less than O.l% of the calculated total 

release rate limit.) 

Requirements for Release Rates from Waste Forms 

Requirements for the fractional release rate 1 i mits for re 1 eases speci­

fically from the waste forms cannot be obtained cirectly from the existing NRC 

or the EPA regulations, because the EPA regulations specify maximum releases to 

the accessible environment, and the NRC regu 1 at ions specify maxi mum re 1 eases 

from the engineered barrier system in the repository. Thus, allowable release 

rates are related to the combined performance of a number of barriers and may 

not necessarily be directly related to waste form durability. 
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Repository Waste Acceptance Requirements 

Draft HLW acceptance requirements for the Basalt Waste Isolation Project 

(BWIP) have been developed and provide some additional indications of require­

ments for the waste going to the repository. In its concern for the potential 

for organic complexes forming in the repository and enhancing the migration of 

actinides. BWIP has included in its requirements the following: "The waste 

form and the internal volume of the waste form container shall not contain 

organic materials" (Randklev 1983). Thus, if the TRUW were to go to the RWIP 

or other repository with this requirement, it may well be expected that the 

TRUW would have to meet this requirement as well. 

On a generic basis, the DOE has proposed preliminary HLW acceptance 

requirements that would meet the anticipated requirements for disposal in a 

waste repository in salt, basalt, and tuff (U.S. DOE 1986c, 1986d). These 

preliminary requirements, which provide guidance in the evaluation of waste 

forms, are based on draft requirements previously developed specifically for a 

basalt, tuff, or salt repository. 

4.2.3 Regulations Related to Other Waste Form Characteristics 

Other considerations related to waste form characteristics are given in 

the composite of waste form/canister characteristics shown in Table 4.1. In 

addition to release rates, the waste form characteristics are related to the 

following: 

canister and other package aspects(a) 
particulate content 
free liquid content 
combustibility (organic content) 
pathogenic qnd infectious material 

content\aJ 
void spaces 
radiation resistance 
thermal cycling resistance 

(a) Not directly of intf"rest in this study. 

toxic vapor content 
explosive and pyrophoric material 

content 
gaseous radionuclide content 
gas generation rate 
structural resistance 
avera 11 1 each resistance 
homogeneity 

The considerations in Table 4.1 are based primarily on the assumption that 

minimum requirements for TRUW would be somewhat equivalent to those of HLW and 
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LLW Class C. Additional considerations are those in 40 CFR 191 for TRUW, the 

draft WAPS for the West Valley Demonstration and Defense Waste Processing 

Facility High-Level Waste Forms (U.S. DOE !986c, !986d), the WIPP WAC for 

defense TRUW (Westinghouse Electric Corp. 1984), and the draft HLW acceptance 

requirements for BWIP (Randklev 1983). 

Some of the requirements given in Table 4.1 are related to the canister or 

waste package characteristics. However, 10 CFR 61 states that for LLW, high 

integrity canisters can be used to substitute for some of the required chardc­

teristics of waste forms. Although this potential is recognized, the evalua­

tion of canister characteristics is not within the scope of this study. 

4.2.4 Waste Form Characteristics for Evaluation 

From the above reviews of the waste form requirements, characteristics 

were selected for evaluation for each of the waste forms that resulted from the 

treatment alternatives. These characteristics include: release rate, organic 

or combustible content, immobilized particulates, pyrophoric potential, struc­

tural stability, and radiation resistance. Details of the evaluation method 

and its results are in Section 8,1. 
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5.0 DEFINITION OF INITIAL DR UNTREATED WASTE STREAMS 

The majority of the wastes considered in this report are those expected 

from a central treatment facility, such as an MRS facility (or a repository 

receiving and handling facility), which may consolidate the spent fuel assem­

blies and possibly store them for a period of time before they are disposed of 

in a selected repository. There are also several additional sources of com­

mercial TRUW, including the West Valley Demonstration Project, nuclear power 

reactors, several decontamination and decommissioning operations for past 

plutonium fuel production, and commercial operations that generate and use 

isotope sources. 

For this assessment it was assumed that all of the wastes would be treated 

and prepared in a central facility. This seems reasonable because the facility 

will produce a large fraction of the wastes and will need to have systems to 

treat its wastes. It generally would not he reasonable or economical for the 

numerous other waste producers to have treatment capabilities for their smaller 

amounts of wastes. The untreated waste volumes in this report represent the 

waste volumes from the process cells of an MRS facility. Because the spent 

fuel hardware will be shredded in the process cells to aid handling, its volume 

is calculated based on its shredded volume. The volume of the HEPA filters, 

which are not treated in the process cells, represents the actual volume of the 

HEPA filters. 

5.I WASTES FROM SPENT FUEL ROD CONSOLIDATION OPERATIONS 

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

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

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

remaining fuel assembly hardware. The massive pieces of residual hardware are 

loaded directly into the drum, and the remaining 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 intact. However, some of the rods may have failed (or may fail during 
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r~moval) and may rPlease some spent fuel particltos to the hot cell and its 

ventilation systern. The HEPA filters userl in thE" ventilation system of thl" 

consolidation process collect radioactive material anrl are the major waste 

stream (by volume). Additional wastes are gener:1terl from decontamination 

activities and other cell maintenance operations., Table 5.1 shows the volumes 

of waste anticipated from all of these operation~; at the MRS facility (or 

repository rect>iving and handling facility) and the distribution between 

remote-handled (RH) and contact-handled (CH) wasi;es. This distinction is 

important in determining the characteristics of the processing facility. 

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

facility (Parsons Co., Westinghouse Electric Corp. and Golder Associates 192 15b) 

as a basis for estimating untreated waste volume.';. The waste volumes are 

adjusted for a processing rate of 3,000 MTU/yr o~ spent fuel. The current 

information from the MRS facility design has not divided the wastes into Ll~ 

and TRUW. Therefore, we have assumed that all oF the RH wastes and one quar·:er 

of the CH wastes will he disposed of in a geologic repository. This is 

consistent with early estimates in the MRS Study (Parsons Co., Westinghouse 

Electric Corp. and Golder Associates, 1985c) and the estimates from the 

Barnwell Nuclear Fuel Plant (BNFP) waste generation studies (Carr et al. 1982). 

TARLE 5.1. Projected Annual Untreated Waste VoJumes 
from Spent Fuel Rod Consolidation\a 

RH Wa3tes, CH Wa3tes, 
Waste Type m m -------

HEPA Filters 786 12 

Spent Fue 1 Hardware (b) 450 

Failed Equipment 0 I 

Combustibles 5 6 

Solutions and S 1 udges 3 2 --
Totals 1,244 20 

(a) Based on consolidation of 3Q:)Q MTU of 1ntact fuel. 
(b) The hardware is shredderl as part of the disdssembly 

process. 
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We have not considered the costs of treatment, transportation, or disposal of 

the LLW. It may be desirable to treat some of the LLW in the same process sys­

tems as the TRUW to achieve volume reduction and cost savings. The LLW must 

not be contaminated with sufficient TRU to change it into TRUW. 

5.2 EXISTING AND PROJECTED COMMERCIAL TRUW 

Previous commercial activities in reprocessing, plutonium handling, fuel 

fabrication, and use of radioisotopes have generated and will likely generate 

additional TRUW before 1998, the startup year for a planned commercial reposi­

tory. Table 5.2 summarizes the types of waste and estimates of their cumula­

tive volumes in 1998. As with the fuel consolidation wastes, the wastes are 

generally "untreated" and they are in 208-L or similar-sized drums. They may 

or may not meet disposal criteria, and they may or may not have gone through 

some volume reduction process at 

Table 5.2 are self-explanatory. 

the source. Most of the waste types given in 

Combustibles are considered to be totally 

combustible but may contain a fraction of plastics, including polyvinyl 

chloride (PVC). The mixed combustibles are a mixture of metals, oxides, and 

combustible materials. Resins are considered to be primarily organic but may 

contain a fraction of zeolites, which are inorganic noncombustibles. Since it 

TABLE 5.2. Total Existing and Projected Untreated TRUW Volumes 
to 1998 from Various Commercial Sources{a) 

Waste Type 

HEPA Filters 

Failed Equipment 

Combustibles 

Mixed Combustibles 

Resins 

Cemented Wastes 

Cement Rubble and Soil 

Totals 

272 

655 
7 

587 

388 

I, 909 

(a) Waste volumes packaged at the source. 

5.3 

71 

1,116 

334 

712 

467 

2,700 



will be difficult or impossible to ship liquid wastes, all liquids are assumed 

to be cemented at their point of generation before their shipment to the cen-· 

tral treatment facility. The cement rubble and soil are assumed to result from 

decommissioning activities. The major source of wastes is expected to be thP 

West Valley Demonstration Program and its HLW so'lidification activities. The 

volumes of TRUW expected from West Va 11 ey are taken from their En vi ronmenta 1 

Impact Statement (U.S. DOE 1982). 

5.3 ADDITIONAL GENERATION OF TRUW 

Continuing activities at reactors and the sales and usage of isotopes ar·e 

expected to generate some TRUW as shown in Table 5,3, These small volumes are 

included to provide a best estimate of total was-:e volume. Contact-handled 

cemented wastes comprise most of the total. 

TABLE 5.3. Projected Annual Generation Rate of Commercial TRUW After 1998(a.) 

Waste Type 

Failed Equipment 

Combustibles 

Cemented Wastes 

Totals 

0.5 

0.5 

(a) Waste volumes packaged at the soJrce. 

4 

13 

25 

42 

5.4 VOLUME OF WASTES FOR TREATMENT IN A CENTRAL TREATMENT FACILITY 

The volumes of wastes in Sections 5,1 and 5,3 are annual generation rates, 

but the volumes in Section 5.2 are total accumulated volumes up to 1998. Th:? 

TRUW expected up to 1998 were assumed tJ be treated over a 10-yr period. It is 

assumed that beyond the year 2008 additional com11ercial TRUW will be generat,?d 

beyond that projected in Table 5.3 and will require treatment. Therefore, w'? 

have used a constant process rate for the facility life. Totaling the volum,~s 

in Tables 5,1 and 5.3 with 10% of the volumes in Table 5,2 results in the vol­

umes shown in Table 5.4, which represent the annual processing rates used in 
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TABLE 5.4. Projected Annual Volumes of Waste){g)be 
in a Central Treatment Facility\ 3 

RH Wa3tes, 
m 

Treat>:d 

CH Wa3tes, 
m -~-----~-~~_s_t_~T_y__e~---------­

HEPA Fi 1 ters 
-------------- -------------

Spent Fuel Hardware (shredded) 

Failed Equipment 

Combustibles 

r4i xed Combust i b 1 es 

Resins 

Solutions and Sludges 

Cemented \4astes 

Cement Rubble and Soil 

Totals 

786 

450 

27 

5 

66 

2 

3 

59 

--
1,398 

(a) Volumes before packing for transportation. 

19 

116 

52 

7l 

2 

72 

39 

371 

(b) Assumes that accumulated commercial wastes existing in 1998 are 
processed over a 10-yr period. 

the balance of the study. A comparison of Tables 5,1 and 5.4, shows that a 

central treatment facility would receive about 10% more RH waste, and about 18 

times more CH-TRUW than a facility that only treated the spent fuel 

consolidation wastes. Table 5,4 shows that the HEPA filters are the largest 

waste volume, with spent fuel hardware being the second largest waste volume. 

This results in part from no pretreatment of the HEPA filters and the 

pretreatment of the spent fuel hardware by shredding. Note that the comhined 

RH waste volume is about four times greater than the combined CH waste volume. 

This relationship is also typical of projected reprocessing waste volumes (Ross 

et al. 1985), t>ut is opposite from that which occurs in the defense waste 

processi11g, where the CH wastes greatly overshadow the RH wastes (U.S. DOE 
1984) . 
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6,0 WASTE TREATMENT PROCESSES AND THEIR WASTE QUANTITIES 

The types of waste (CH and RH), waste treatment objectives, viable treat­

ment methods, and characteristics of the rPsulting waste forms were considered 

in the selection of waste treatment process alternatives and are diSCiJSSed in 

this section. The treatment process was selected from the alternative treat­

ment processes for each type of waste. The treatment processes are described 

in Appendix A. 

The major objectives in the treatment of wastes are low cost, small vol­

umes, processing safety, and acceptable waste form quality. In this study, the 

costs are for the total system and are a mixture of treatment, transportation, 

and disposal costs that often work against each other. For example, volumf'> 

reduction will decrease both transportation and disposal costs, frequently at 

the expense of additional treatment costs. Because acceptable waste form 

quality is not yet defined, we identified and examined eight alternatives that 

provide a range of economics and waste form quality. 

A process flow diagram has been developed for each selected waste treat-

ment process alternative. Each flow diagram shows the division between the CH 

and RH wastes and where the RH and CH wastes should be combined into one 

process unit. (This combination always requires that the CH wastes be treated 

using the RH equipment. This should only be done where either the waste vol­

umes are very low or where the CH wastes would not be severely contaminated and 

would not require remote handling following processing.) 

The spreadsheets for calculation of the treated waste volumes generally 

show three-place accuracy. but the precision of the input data is more like 

±20%, Additional significant figures are shown to avoid further loss of pre­

cision in subsequent calculations. 

Figure 6.1 depicts the overall TRUW processing operations. The wastes 

come from two major sources: the spent fuel rod consolidation and the external 

commercial waste generators. The block labeled "TRUW Treatment" represents the 

different treatment alternatives discussed in the Subsections 6.1 through 6,8, 

The operations such as assay, inspection, decontamination, welding, and 
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shipment shown in this figure are considered to be common to all of the treat­

ment alternatives. However, recognize that the volumes and types of waste that 

will require processing through the operations will depend strongly on the 

treatment processes selected. No consideration has been given to the possible 

conversion of CH wastes to RH wastes due to the higher dose rates resulting 

from volume reduction. A previous study (Ross et al. 1985) indicated this was 

of minor importance. 

6.1 ALTERNATIVE 1--NO TREATMENT 

Alternative 1 minimizes the treatment steps by packaging the TRUW 

as-generated or as-received at the central treatment facility. This alterna­

tive is expected to have the lowest waste form quality and high disposal and 

transportation costs, but treatment costs, except for canisters, will be low. 

Because the wastes are packaged as-generated, a variety of canister sizes 

is required. Canister sizes are dictated by the dimensions of the original 

wastes. Our expected canister sizes are shown in Table 1 with the waste volume 

and weight calculations. For example, we have defined a 3,000-L container 

(0.91-m-dia and 4.6-m-long) to allow for direct disposal of HEPA filters with­
out treatment. Failed equipment is considered to be size-reduced in the facil­

ity so that it can fit inside 1280-L container (a 11 standard" schedule 10, 

24-in.-dia (0.61 m) pipe, 4.6-m long). Two-hundred-eight-liter drums are used 

for most CH wastes and are expected to be the size of waste containers for the 

spent fuel hardware that will be shredded in the processing facility. 

The basic input data on waste generation is in terms of volume. The 

untreated weight or untreated density are estimated in this study from the 

general literature. Then, either the untreated weight or untreated density is 

calculated from the volume. There is a general assumption that the waste drums 

are only filled to 90% of their volume capacity. This 90% factor has been used 

in calculating the treated volume in Table 6,1 and other similar tables in this 

section. If materials {such as the spent fuel hardware or failed equipment) 

are prepackaged in the process or if materials (such as the cemented wastes) 

are shipped to the facility already drummed, then the original volumes are 
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TABLE 6.1. Annual Treated Waste Volumes, Weights, and Number 
of Packages for No-Treatment Alternative ( 1 ) 

Volume, m3 Wei 9ht, kg Densit,l, kg/m3 Number of Packages 
Wastes Untreated Treated Untreated Treated Ont rea ted Treated 208[ 303[ 12ROL 3000L 

RH Wastes 
----

Failed Equipment 27 27 8,640 8,640 320 320 21 

Spent Fuel 
Hardware 450 450 405,000 405.000 900 900 2. 163 

HEPA Filters 786 1, 257 126,000 126,000 160 100 419 

Filters and Mixed 
Combustibles 66 73 19,800 19,800 300 300 57 

Combustibles 5 5 1,135 1,135 250 250 4 

Resins 2 2 2,000 400 1,000 1,000 11 

Solutions and 
Sludges 3 4 2,800 5,661 1,100 1,600 19 

~ Cemented Wastes 59 59 94,400 94,400 1' 600 1, 600 284 . ---- - ~ 

"'" Totals 1,397 1,880 649,000 660,000 2,477 0 82 419 

CH Wastes 

Failed Equipment 116 116 37,100 37,100 320 320 558 

HEPA Filters 19 38 3,100 3,100 180 82 125 

Filters and Mixed 
Combustibles 71 79 21,300 21,300 300 300 379 

Combustibles 52 57 12' 920 12,900 250 250 276 

Solutions and 
Sludges 2 3 2,200 3,670 1,100 1,600 12 

Concrete Rubble 39 39 49,300 49,300 1, 270 l, 270 188 

Cemented Wastes 72 72 115.000 115,000 1,600 1,600 364 -- -- ---- - ~ 

Tot a 1 s 371 404 241,175 242,642 1. 759 125 0 0 

Note: Data and values rounded to three significant figures, which are maintained for the 
calculations but exceed the accuracy of the data, 
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still used, and no packing factor is applied. Package size is determined from 

the original size of the wastes as noted above. Finally, the number of waste 

packages is obtained from the treated volume and the package size. The calcu­

lations are totaled to determine the total volumes of waste and the number of 

waste packages of each specific size, and the data are maintained separately 

for CHand RH wastes except where they may be combined for a few specific 

cases. 

The data in Table 6.1 shows the large volume and the high number of canis­

ters that will be produced without waste treatment. The HEPA filters are the 

largest volume of waste because they have a poor packing factor within the con­

tainers, and spent fuel hardware is the second-largest volume. Resins are 

dried and solutions and sludges are cemented as indicated in Figure 6.2. This 

should be considered the minimum processing that would be acceptable for trans­

portation and disposal. The solutions and sludges are assumed to be 75% water 

and 25% solids and based on a 60 wt% liquid waste loading in cement. 

6,2 ALTERNATIVE 2--MRS REFERENCE 

As far as possible, this alternative duplicates the treatment currently 

planned for the proposed MRS facility, except that the MRS facility as cur­

rently planned will not receive or process other commercial wastes. The pri­

mary basis for selection of the waste forms for this alternative was the WIPP 

WAC. No effort is made to eliminate combustibles or particulates in the final 

waste forms. This alternative provides some volume reduction through the use 

of HEPA filter disassembly and compaction of the frames and media. 

The MRS facility designers recognized that significant reduction of waste 

volumes generated within the facility was possible and considered the processes 

identified in Figure 6.3. Like in all of the other alternatives, the spent 

fuel hardware is pretreated by shredding. All wastes are packaged in 

208-L drums. In the MRS facility design, five of the RH drums are stacked into 

a single framework for handling and compatibility with the consolidated spent 

fuel canisters. Having all of the packages the same length should simplify the 

subsequent handling. 
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RH WASTES 

Failed Eqwpment_____., 

Spent Fuel ___________ ~ .I 
Hardware 

HEPA Filters------_.; 

1-----.. { No Treatment 
Filters and M1xed ____ -.j 
Combustibles 

Combustibles------~ 

Reslns---------~------I~L __ o_,_v_e_' _ _J 

Solutions 
ond Sludge> __J I 

In Drum Cement 
Cemented Wastes Mixer 

CH WASTES 

Fa1led Equ1pment ~I 
HEPA Filters 

F1lters and M1xed 
Combustibles 

Combustibles 

Solutions 
I d es and S u g 

----t!~~f----.......,~I>(~Tceat~ 
Cement Rubble - ~ ~ 7 
Cemented Wastes----· 

FIGURE 6.2. Alternative 1: Process Flow Diagram with No Treatment 

The major processes identified in Figure 6.3 are the separation and com­

paction of the HEPA filters and other mixed combustibles and filters. The 

combustibles, resins, solutions, and sludges are cemented in 208-L drums. Com­

mercial cemented wastes prepared offsite are not further treated. These pro­

cesses result in the waste volumes shown in Table 6.2. The major parameters 

selected in the calculations are: the filters are compacted by a factor of 4 
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FIGURE 6.3. Alternative 2: Process Flow Diagram for the 
Reference MRS Facility 

from their untreated volume; the combustibles are limited to 25 val% of the 

package; wet resins are loaded into cement at 35 wt%; solutions and sludges are 

incorporated into cement at 60 wt%; and cemented waste received from other 

facilities remains untreated. Following this treatment, the spent fuel hard­

ware has the largest volume and HEPA filters comprise the second largest 
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T~BLE 6.2. 

Wastes 

RH Wastes 

Failed Equipment 

Spent Fuel 
Hardware 

HEPA Filters 

Filters and Mixed 
Combustibles 

Combustibles 

Resins 

Solutions and 
Sludges 

Cemented Wastes 

Totals 

CH Wastes 

Failed Equipment 

HEPA Filters 

Filters and Mixed 
Combustibles 

Combustibles 

Solutions and 
Sludges 

Concrete Rubblp_ 

Cemented Wastes 

Totals 

Annua 1 Treater! Waste Vo 1 urnes, ~lei ght, and Nurnf:le r of Packages 
for the MRS Reference Alternative (2) 

Volume, m3 

Untreated Treated 

27 

450 

786 

66 

5 

2 

3 

59 

1 ,400 

116 

19 

71 

52 

2 

39 

72 

371 

18 

450 

196 

28 

3 

3 

3 

59 

760 

77 

5 

30 

36 

3 

39 

72 

261 

Weight, kg Density, kg/m 3 

Untreated Treated Untreated Treated 

8,640 28,800 

405,000 405,000 

126,000 126,000 

19,800 19,800 

1,135 4,540 

2,000 4,167 

2,800 4,667 

94,400 94,400 

659,000 687,000 

37,100 

3. 100 

21,300 

12,900 

2,200 

49,300 

115,000 

37,100 

3, 100 

21,300 

51,700 

3,670 

49,300 

115,000 

241,000 281,000 

320 

900 

160 

300 

250 

1,000 

1, 100 

1,600 

320 

160 

300 

250 

1,100 

1 ,270 

1,600 

480 

900 

640 

720 

1, 600 

1,600 

1, 600 

1,600 

480 

640 

no 
1,600 

1,600 

1' 270 

1,600 

Number of 
Packages 

208L 

87 

2,163 

944 

132 

15 

14 

16 

284 

3,655 

372 

23 

142 

173 

12 

188 

346 

1,256 

Note: Data and values rounded to three significant figures, which are maintained for the 
calculatio'ls, but exceed the accuracy of the data. 
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volume. Compared to Alternative 1 total volumes have been reduced by a factor 

of 2 for the RH wastes and by a factor of nearly 2 for the CH wastes. 

6.3 ALTERNATIVE 3--SUPERCOMPACTION 

Supercompaction, a process that compresses materials at very high pres­

sures, ~70 MPa (-10,000 psi) (Hollo and White 1985, and Sathrum and Stemher 

1985), provides high volume reduction of a wide variety of wastes without high 

process temperatures. Current experience indicates that nearly all materials 

can be volume-reduced with supercompaction. The superco1npaction of materials 

somewhat confines and significantly consolidates the waste, and provides some 

limited improvement in waste form quality. Volume reduction factors with 

supercompaction are much higher than normal compaction; this decreases the dis­

posal and transportation cost, but may increase the treatment cost. 

Figure 6.4 is the process flow diagram for the supercompaction alterna­

tive. All of the wastes are treated by supercompaction except the as-received 

cemented wastes, which remain untreated. The supercompactor is assumed here to 

handle only a 208-L drum. The drum integrity is lost during the compaction 

process, so each of the compressed waste packages is restacked into the stan­

dard 1,280-L containers. It is expected that some of the wastes will require 

size reduction or precompaction to be compatible with the supercompactor. 

It will also be necessary to dry the solutions and sludges before compact­

ing them. Because of the small volume of these materials, it was assumed pos­

sible to simply dry the materials directly in a heated drum, since only 10 to 

15 drums/yr will be generated. 

Table 6.3 lists the final waste volumes after treatments. The treated 

density data for the various wastes were taken from vendor literature and the 

vendors' past experience with a supercompactor for selected waste types. The 

weight of the wastes is unchanged during the process except for the wastes that 

are dried. The RH and CH waste volumes are further reduced below the MRS Ref­

erence, by a factor of about 3 and by a factor of about 2, respectively • 
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Failed Equ1pment ----+. 

Spent Fuel--------1~ 
Hardware 

~,::: :'~':':_<X_e_d------ljJ~ I l J 
Combustibles ----~~-----~ .. ~ ConlpactoiJI 

Combustible ' 
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CH WASTES 

astes 
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s 
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Systenl 

Compactor 

Dryer 

Cemented Wastes -----------I .. O{E::> 

S upe rcom pact or 

FIGURE 6.4. Alternative 3: Process Flow ['iagram for Supercompaction 

6.4 ALTERNATIVE 4--MVR WITH DECONTAMINATION 

This processing alternative minimizes the mass and volume of the final 

waste form. The mass and volume reduction processes are shown in Figure 6,5, 

Mass reduction is achieved by two major processes. The mass of the combusti­

bles and resins is reduced by incineration, and the mass of the surface­

contaminated materials is reduced to LLW by deco1tamination. The incineration 
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TABLE 6.3. Annual Treated Waste Volumes, Weights, anrl Nurnr,er of Packages 
- for the Supercompaction Alternative (.1) 

Wastes 
RH lra-s-fes 
Failed Equipment 
Spent Fuel 

Hardware 

HEPA Filters 

Filters and Mixed 
Combustibles 

Combustibles 

Resins 

Solutions and 
Sludges 

Cemented Wastes 

Totals 

CH Wastes 

Fai 1 ed Equipment 

HEPA Filters 

Filters and Mixed 
Combustibles 

Combustibles 

Solutions and 
Sludges 

Concrete Rubble 

Cemented Wastes 

Totals 

Vo 1 ume, m3 

Untreated Treated 

27 2 

450 109 

786 

66 

5 

2 

3 

59 

1,397 

116 

19 

71 

52 

2 

39 

72 

371 

41 

12 

1 

0 

0 

59 

224 

8 

3 

12 

11 

0 

26 

72 

132 

Weight, kg _ 
Untreated Treated 

8,640 

405,000 

8,640 

405,000 

126,000 126,000 

19,800 19,800 

1,140 1,140 

2,000 400 

2,800 700 

94,400 94,400 

659,000 656,000 

37,100 

3,100 

21,300 

12,920 

2,200 

49. 300 

115,200 

241,000 

37,100 

3' 100 

21,300 

12,900 

550 

49,300 

115.200 

240,000 

Density, kg/m 3 

Untreated Treated 

320 4,500 

900 3, 720 

160 

300 

250 

600 

1,100 

1,600 

320 

160 

300 

250 

1,100 

1, 270 

1,600 

3,060 

1, 720 

1, 170 

1,170 

1,830 

1,600 

4,500 

1,180 

1, 720 

1,175 

1,830 

1, 910 

1,600 

Number of 
Packages 

208L 1280[ 

284 

284 

346 

346 

2 

85 

32 

9 

1 

0 

0 

129 

6 

2 

10 
g 

0 

20 

47 

Note: Data and values rounded to three significant figures, which are maintained for the 
ca 1 cu 1 at ions hut exceed the accuracy of the data. 
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and decontamination processes produce secondary waste streams (scrubber solu­

tion and decontamination residues) that must be concentrated and treated . 

Before the wastes can be incinerated, they must be shredded to an appro­

priate size, and, before they can be shredded, they should have the major con­

taminants on them fixed to avoid generating large amounts of contaminated dust 

in the process cell. Decontamination converts wastes from the TRUW category to 

the LLW category and reduces the mass of material that must be transported to 

and disposed of in a deep geologic repository. The decontaminated materials 

would be shipped to a LLW burial ground. Decontamination is not applied to 

activated materials such as spent fuel hardware because their intermolecular 

radioactivity cannot be removed. LLW disposal costs for the HAW may well be 

comparable to or exceed the costs of repository disposal (Ross et al. 1985), 

which eliminates the cost incentive for decontamination of activated materials. 

Volume reduction methods, which melt the wastes into near-theoretical 

density, are used to maximize volume reduction where mass cannot be reduced. 

As shown in Figure 6.5, three melters are needed. Two oxide melters are used, 

one each for CH wastes and RH wastes. However, with the periodic replacement 

of melting crucibles required for metal melters, it was considered possible to 

melt the CH wastes in the RH melter after a crucible change-out without con­

taminating them to the point that they become RH wastes. This alternative 

requires careful separation of the metals, organics or combustibles, and other 

materials. The metals are also separated into materials that can and cannot be 

decontaminated. 

Table 6.4 lists waste volumes that result from this alternative. In the 

table, the metals are pre-sorted into those that can be decontaminated and 

those that cannot, and these are accounted for separately. Where incineration 

processes are considered, the secondary waste stream of scrubber solids is also 

shown, and it is postulated that the scrubber solids will be concentrated and 

re-fed into the incinerator. The major assumptions used in the calculations 

are: 

• Metal is melted to 100% of theoretical density but occupies only 

90 vol% in the 333-L waste containers (0.30-m-dia by 4.6-m-long). 
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TABLE 6.4. Annual Treated Waste Volumes, We'ghts, and Number of Package5; 
for the MVR with Decontamination Alternative (4) 
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• For decontamination, 70% of the nonactivated metallic waste is postu­

lated to be decontaminated using wet vibratory finishing. During 

decontamination a residue is generated from the removed surface mate­

rials and from chemicals used in the decontamination solutions. 

These solids are considered oxide-meltable to full density. 

• The HEPA filters are separated into metals, organics, and media for 

specific treatments, with the media being melted to full density. 

• The incineration process reduces the mass of the combustibles by 95% 

and the resins by 90%.(a) 

• Solutions and sludges are considered to be 25 wt% solids when melted. 

• Concrete and cemented wastes can be reduced by 20% in weight by 

melting. 

• The density of melted non-metal products is that of typical glass, 

2,300 kg/m3• 

• Residues from incineration and decontamination are melted to full 

density. 

Table 6,4 shows that the volumes of waste for repository disposal are 

again lower than for Alternative 3 (Table 6.3) by a factor of over 2 for the RH 

wastes and a factor of nearly 3 for the CH wastes, when not considering the LLW 

volumes. Even though only a small fraction of the waste weight is reduced by 

the incineration and decontamination processes, the volume reductions are very 

significant. 

No additional treatments beyond volume reduction were done to improve the 

chemical durability of the waste form in this alternative. 

After the evaluation of the eight major alternatives described in this 

section, three variations were identified to optimize Alternative 4 to reduce 

(a) If the wastes contain a large portion of PVC, this could result in a large 
secondary waste volume from the incinerator scrubber, which captures 
chloride ion. For our calculations we did not consider a high percentage 
of PVC to be present. 
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its processing complexity while not markedly increasing the final waste vo-·umes 

or reducing the waste form quality. The three variations include: 

• no processing of the cement wastes shipped to the central treatment 

facility from other commercial TRUW generators. 

• use of decontamination. 

• cementing of the residues and oxide waste~. (rather than melting 

them). 

These three variations were combined to yield four subalternatives of 

Alternative 4: MVR with decontamination and mElting, MVR with melting onl;·,, 

MVR with decontamination and cementing, and MVR with cementing only. 

6.4.1 Alternative 4A--MVR With Decontamination and Melting 

The processing scheme for this alternative is identical to Alternativf' 4 

except that the wastes cemented outside the central treatment facility are not 

retreated, and the low-volume residues and other oxide wastes are treated ~1ith 

the similar RH wastes to eliminate several process units. This alternativt' -..,.as 

selected to reduce the processing complexity of Alternative 4 and to allow fJr 

comparison with other modifications discussed h Sectons 6.4,2 to 6.4.4. ~-'•oa·­

rate flowsheets and waste volume calculations h:we been omitted to simplify 

this report. 

4C, and 40. 

higher than 

Table 6.5 summarizes the waste volumes for PJternatives 4A, <!!:~, 

The volumes and weights of these Sljbalternatives are somewhat 

those of Alternative 4. This resul-:s from not treating the 

cemented wastes. 

6.4.2 Alternative 48--MVR With Melting Only 

This alternative is very similar to Alternatives 4 and 4A. The P~ain d:f­

ference between it and 4A is that in it no wastes are decontaminated. All 

metallic wastes are melted. This results in some increased mass and volume of 

melted metallic wastes. However, it eliminates an additional process. As 1n 

Alternative 4A, the combination of the small volumes of CH wastes with the ~H 

wastes reduces the volume of CH wastes, and the number of process units. Tht! 

final calculated waste volumes are also summarized in Tahle 6,5. 
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TABLE 6,5. Summary of Annual Treated Waste VolumE's, Weights, and Number of Packages for 
Alternatives 4A, 4B, 4C, and 40 

f{H Wastes CH Wastes 

Treated Treated(a) Packages of Treated (a) Treated(a) Packages of LLW 
Weight Volu~e 208-L 333-L Weight Volu~e 208-L 333-L 208-L 

Alternative k m # # k m # # # 

4 o4s,ooo 118 - 355 149,000 56 - 166 421 

4A 572,000 150 284 272 177,000 113 534 5 421 

48 632,000 156 284 292 206,000 116 534 16 

4C 683,000 220 712 217 177,000 113 534 5 421 

40 739,000 224 696 238 206,1)1)1] 116 534 16 

(a I The LLW volu~es ~nrl weights are not included in the totals. 



6.4.3 Alternative 4C--MVR With Decontamination and Cementing 

The volume of ox1des is rather small in Alternatives 4, 4A, and 48, and 

process complexity is high for melting oxides and residues. Therefore, this 

alternative includes the cementation, rather than melting, of residues and 

oxides. This alternative also includes decontanination of nonactivated metals. 

Cementing increases the treated waste volume frJm Alternative 4A, but 

simplifies the processing. 

6.4.4 Alternative 4D--r•1VR With Cementing Only 

This is the simplest of the four optimized subalternatives of Alter­

native 4, It combines the cementing of Alterna·:ive 4C with the elimination of 

the decontamination of Alternative 48, In this alternative, previously 

cemented wastes are not treated; all the wastes are processed in one remote 

shredder and incinerator. All the metals are ~!lted and the oxides and resi­

dues are cemented. This alternative has the lar·gest waste volume of these four 

modifications to Alternative 4. 

The waste volumes, weights, and number of canisters for the alternatiVE'S 

are summarized in Table 6,5. 

6.5 ALTERNATIVE 5--CEMENTATION 

Cementation is currently applied to a wide variety of wastes, including 

many TRUW. It was recommended for consideration for some types of commercial 

TRUW in a previous assessment (Ross et al. 1985) and is planned for treatment 

of defense TRUW to prepare them for WIPP, All wastes can be treated at amb' ent 

temperature by cementation without the need for additional processes, thus 

keeping the treatment costs low because only one simple process is needed. 

Cementation provides a degree of waste confinement and renders combustible 

materials essentially noncombustible. However, :ementation does not provide 

major volume reduction and increases the mass of material that must be trans-­

ported to and placed in a repository. Cemented 11aste forms also have the 

potential to generatP radiolytic gas. 

Cementing or grouting will provide containm1:nt for the wastes in a near·ly 

uniform matrix. The process flow diagram for ce11entation (Figure 6,6) shows a 
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FIGURE 6.6. Alternative 5: Process Flow Diagram for Cementation 

minimum number of process steps. All processes are at room temperature, and no 

volatiles are formed. The wastes are reduced in size to fit inside 

208-L drums. Three different size-reduction or shredding operations are 

needed. The first is a size-reduction operation for CH failed equipment, and 

the second and third are shredders (one CHand one RH) for HEPA filters, 
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combustibles, and other mixer! wastes. As witfl the previous alterr1atives, o 

process to fix activity on HEPA filters before shredding them is included. The 

large bulky wastes such as spent fuel hardwarE' and failed Pquipment, whic are 

loaded into a drum during processing, are grotted with cement. Other was-<:_es 

such as the shredded materials, resins, solutions, and sludges are added ~o the 

drum and mixed with the cement by an in-drum process. 

The resulting volumes of waste are shown in Table 6.6. It can be noted 

that the waste volumes are reduced from Alternative 1, principally by the 

reduced volume of HEPA filters. Note that the weight 0f the processed wa~;tes 

is about double that of the other alternatives. The major assumptions usEd in 

these calculations were: a 30 wt% loading of shredded materials into the 

cement, a maximum 25 wt% loading of combustibl:- materials into the cement, a 

35 wt% loading of resins into the cement, and ~ 60 wt% loading of solution and 

sludges into the cement. A final cement density of 1,600 kg/m 3 was used t,) 

calculate the final weight of the solidified wastes (except where materiaL are 

grouted and the weight of the waste significan·:ly increases the bulk densLy). 

6.6 ALTERNATIVE 6--ARC PYROLYSIS AND MELTING 

Arc pyrolysis and melting is a potential new concept for TRUW treatmer!L 

In an arc pyrolysis melter all wastes can be tr·eated. The organic and com­

bustible materials are pyrolyzed and removed fr·om the furnace for addition: 

treatment. The residual metals and oxides are melted into slag anu molten 

metal layers. Periodically the melted materials are removed from the furnace 

and cast into canisters. A unit has been recently designed and rroposed fr;r 

the destruction of capacitors containing polychlorinated biphenyls (PCF~s) 

(Wittele, Titus and Boice 1984). Its application to radioactive v1aste ha~, not 

been previously demonstrated, so selection of this technology will require 

feasibility testing and process demonstration activities. 

The bulk waste could be fed to the arc pyrJlysis melter to produce a w:~ste 

form similar to that produced by Alternative 4. Figure 6,7 shows that all )f 

the wastes are fed to the arc pyrolysis melter ,,.ith only limited pretreat­

ment. This requires the arc furnace to have a large internal capacity for 
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TABLF 6.6. Annual Treaterl ~Jaste Volu111es, Weights, and Nurnher of 
Packages for the Cementation Alternative (5) 

Wastes 

RH Wastes 
Fa1led Equipment 
Spent Fuel 

Hardware 
HEPA Filters 
Filters and Mixed 

Combustibles 

Combustibles 

Resins 

Solutions and 
Sludges 

Cemented Wastes 

Totals 
CH Wastes 

Failed Equipment 

HEPA Filters 

Filters and Mixed 
Combustibles 

Combustibles 

Solutions and 
Sludges 

Concrete Rubble 

Cemented Wastes 

Tot a 1 s 

Volume, m3 Weitt, kg 
Untreated Treated Ontreate Treated 

27 

450 
786 

66 

5 

2 

3 

59 

1, 400 

116 

19 

71 

52 

2 

39 

72 

371 

27 

450 
291 

46 

3 

4 

3 

59 

883 

116 

7 

49 

36 

3 

39 

72 

322 

8,640 

405,000 
125.700 

19,800 

1, 135 

2,000 

2,800 

94,400 

659,000 

37,100 

J, 100 

21,300 

12,900 

2,200 

49,300 

115.000 

241,000 

43,200 

720,000 
419,000 

66,000 

4,540 

5, 714 

4,607 

94,400 

1,360,000 

186,000 

10,300 

71.000 

51. 700 

3,670 

49,300 

115,000 

487,000 

Density, kg/m3 

Ont reated Treater! 

320 

900 
160 

300 

250 

1, 000 

1,100 

1, 600 

320 

160 

300 

250 

1,100 

1, 2 70 

1,600 

1, 600 

1,600 
1,600 

1, 600 

1,600 

l ,600 

1, 600 

1,600 

1,600 

1, 600 

l ,600 

1,600 

1,600 

1, 270 

1, 600 

Number of 
Packages 

208L 

130 

216 
1,400 

220 

15 

19 

16 

284 

4,250 

558 

34 

23 7 

173 

11 

188 

346 

1. 550 

Note: Data and values rounded to three significant figures, which are maintained for the 
calculations but exceed the accuracy of the data. 
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charging of HEPA filters and other bulky wastes. Combustibles would be 

pyrolyzed and eliminated and the metals and oxides would be melted and cast 

directly into the 333-L drums. 

The resulting waste volumes and masses are shown in Table 6.7. The vol­

umes are small and the masses have been reduced but will exceed those of 
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TABLE 6. 7. Annual Treated Waste Volumes, Weights, and Number of Packages 
for the Arc Pyrolysis anrl Melting Alternative (6) 

Volume, m3 Densit:t, kg/m3 
Number of 

Weight, kg Packages 
Wastes untreated Treated Dnt reated Treated Untreated Treated 333L - --

RH Wastes 
Failed Equipment 17 I 8,640 8,640 310 7,800 4 
Spent Fuel Hardware 450 69 405,000 405,000 900 6, 500 108 
HEPA Filters 786 22 126,000 113.000 160 5,800 65 
Filters anrl Mixed 

Combustibles 66 I 19,800 4, 750 300 5, 740 3 

Combustibles 5 0 I, 135 57 150 1, 300 0 

Resins 2 0 2,000 80 1, 000 1,300 0 

Solutions and 
Sludges 3 0 1,800 700 1' 100 1, 300 I 

Cemented Wastes 59 36 94.400 75,500 1,600 2,300 110 
m --. Totals 1,400 130 659,000 608,000 390 N 
w 

CH Wastes 

Failed Equipment 116 5 37,100 37,100 320 7,800 16 

HEPA Filters 19 I 3,100 I, 580 160 2. 730 2 

Filters and Mixed 
Combustibles II I 11,300 5,110 300 5, 740 3 

Combustibles 52 0 12,900 646 250 2. 300 I 

Solutions and 
Sludges 2 0 2,200 550 I, I 00 1,300 I 

Concrete Rubble 39 19 49,300 39,500 1,270 2,300 57 

Cemented Wastes 72 45 115,000 92.200 1,600 2,300 134 -- --
Totals 371 71 241,000 177,000 213 

Note: Data and values rounded to three significant figures, which are maintained for the 
calculations but exceed the accuracy of the data. 



Alternative 4 because no metallics are removed from the process by decontlmina­

tion. In calculating the final waste quantities, it was assumed that the 

metals are near theoretical density, that the melted density of the HEPA 

filters is a composite of the metals and the cxides, that melted oxides would 

have a density similar to that of glass, and that cements have 20% water, which 

will be released through the off-gas treatment system. The remaining fraction 

of ash is the same as for the incineration processes. Potential i~creases in 

mass from additives in the off-gas syste1n have not been included hut are 

expected to be less than 2% of the totals. As arc pyrolysis and melting 

becomes better understood, it is expected that waste treatment processing 

problems will be identified. 

6.7 ALTERNATIVE 7--SULFUR-BONDED GRAPHITE WASTE FORM 

The previous alternatives have been primarily concerned with procPssing 

ease and volume reduction. This waste treatme1t alternative is concerned '.'Jittl 

producing a combination of waste forms that ea:h have potentially good chernical 

durabi 1 ity. To a chi eve this the recently concr:?.i ved process of i nco rporat i •11:1 

the wastes into a sulfur-bonded graphite at a low temperature is used. 

GraphHe has the highest chemical durability o·~ any material tested to datr~ .. 

but is normally difficult to process. The wastes are incorporated into fldke 

graphite at low temperature by adding a small ·=raction of sulfur to the grciph­

ite powder. The total mixture is pressed at moderate pressure and low teln~rera­

ture. The sulfur melts at a relatively low tenperature and, under moderate• 

pressure, fills the voids in natural flake graphite. Sulfur is very insol _,hle 

in oxygen-free water and thus will resist reaction with the low-oxygen-content 

groundwater expected at typical basalt repositc1ry depths. 

The process flow diagram for this alternative is shown in Figure 6.8. 

Metallic wastes are separated from the organic anrl oxide wastes and melted 

separately as in several of the previous alterratives. The combustibles a1~e 

incinerated, and the ash and other oxides are ~round and mixed intimately I>H!l 

natural flake graphite and ahout 8 wt% sulfur, which is then pressed in a rJie 

or container at a pressure of about 34 MPa (5.COO psi) to form billet<> 

measuring about 0.30-m dia by 0.30-m high. The billets are heated to a low 
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temperature (""150°C) before or during the pressing to melt the sulfur. which 

fills the porosity of the flake graphite during pressing. The final billets 

are then loaded into a -0.30-m-dia by 4.6-m-long canister. 

Melting the metallic wastes reduces the metallic waste streams to a small 

volume as in Alternatives 4 and 6, The other mdterials are loaded into the 

sulfur-bonded graphite at a 30 wt% loading. The addition of the graphite and 

sulfur to the waste results in an overall increase in weight, but the ensuing 

processing reduces the volume. Table 6.8 lists density and volume informa­

tion. Because graphite and sulfur will oxidize. this waste form is considered 
to be of intermediate quality. 
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TARLE 6.8. Annual Treated Waste Volumes, w~~ights, and Number of Packages 
for the Sulfur-Bonded Graphite Alternative (7) 

Wastes 
RH Wastes 

Volume, m3 Weight, kg 
Untreated Treated UntreaterJ Treated 

Density, kg/m 3 

Untreated Treated 
NuMber of Pac~a~es 
208[ 333[ 12 Q[ 

Failed Equipment 

Spent Fuel 
Hardware 

HEPA Filters 
metals 
combustibles 
media 

F11ters and Mixed 
Combustibles 

metals 
combustibles 
noncombustihles 

Combustibles 

Resins 

Solutions a<1d 
Sludges 

Cemented Wastes 

Totals 

CH Wastes 

Failed Equipment 

HEPA Filters 
metals 
combustibles 
media 

Filter and Mixed 
Combustibles 

metals 
combustibles 
noncombustibles 

Combustibles 

Solutions and 
Sludges 

Concrete Rubble 

Cernented Wastes 

Totals 

450 
786 

66 

5 

2 

3 

59 

I, 400 

116 

19 

71 

52 

2 

39 

72 

371 

69 

II 
8 

57 

I 
I 
2 

0 

59 

237 

5 

0 
0 
2 

I 
I 
2 

69 

72 

!54 

8, 640 8, 640 

405,000 405,000 

74,200 
l7. 600 
33' 400 

3,960 
14,900 

990 
1,135 

2,000 

2,800 

94,400 

705,000 

37,I20 

!55 
1, 780 
1,160 

4' 260 
16,000 

1, 070 

12,900 

74,200 
I5,300 

113,000 

3,960 
2' 480 
3' 300 

189 

1,330 

2,330 

94,41)0 

724,000 

37,100 

!55 
314 

3, 875 

4,260 
2,660 
3,550 

2,153 

2,200 1,833 

49,300 98,700 

115,000 115,000 

241,000 270,000 

320 

900 
160 

300 

250 

1 '000 

1,100 

1 ,600 

320 

160 
160 

300 

250 

I, 100 

1 '270 

1,600 

7,800 

6, 500 

7,800 
2,200 
2,200 

7 ,81)0 
2,200 
2. 200 

2,300 

2,300 

2,300 

1,600 

7' 800 

7,800 
2,200 
2,200 

7. 800 
2,200 
2' zoo 
2,?.00 

2,200 

1,600 

1,600 

4 

208 

32 

2 

284 

284 245 

m 
346 

670 

16 

0 

2 

18 

Note: Data and values rounded to three significant figure·;, which are maintainerJ for the 
calculations but exceerJ the accuracy of the data. 
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6.8 ALTERNATIVE 8--HIGHEST -QUALITY WASTE FORij 

This waste treatment alternative process was designed to produce waste 

forms of the highest quality, that will have good chemical durability, elimi­

nate all organics and combustibles, consolidate all the particulates, eliminate 

any pyrophoric tendencies, eliminate concerns about radiolytic gas generation 

in cements, and have high density within the waste package. All of the wastes 

are processed into melted metal or ceramic forms, designed to be of higher 

quality than the simpler melted forms of Alternative 4. This alternative uses 

metal melting processes similar to Alternatives 4, 6, and 7, but provides for 

the addition of alloying materials to further increase the chemical durability 

of the treated metal waste form. The oxide materials are consolidated into 

ceramic forms by hot pressing with 30% additives to tailor the composition and 

increase its chemical durability. These additions increase the mass of the 

final waste forms, but only slightly compared to the potential volume reduc­

tion. All of the waste forms are expected be acceptable at a repository. 

Figure 6.9 is the basic process flow diagram for Alternative s. Special 

features of this alternative include crushing and calcining the previously 

solidified cements to allow them to be incorporated into the ceramic forms. It 

is assumed that the cements contain 20% water, released during calcining. 

Ninety-five wt% of the combustibles are eliminated by incineration, and the 

resulting ash is also added to the ceramic forms. Four hot presses were con­

sidered necessary to process the CH and the RH wastes. 

The final waste form volumes are shown in Table 6.9. The wastes are 

assumed to be processed to high densities of either 7,800 or 6,500 kg/m3 for 

metals or 2,300 kg/m3 for ceramics. The increase in weights and volumes over 

Alternatives 4 and 6 results from the addition of selected materials that can 

increase the chemical durability. Some waste compositions may require more 

than 30% additives to achieve a high-quality waste form, hut others could be 

achieved with little or no additive. The additives and their quantity would 

have to be determined by additional testing. For the incinerator alternatives, 

the use of a scrubber is assumed, and the additives from off-gas scrubbing are 

calculated into the mass of material processed. The majority of the treated RH 

wastes are metal, but the oxide waste volumes are larger for the CH wastes. 

6.27 



~ 

N 
00 

RH WAST '" 
Fa>led E 

Spent F 
Harrlwa 

HEPA F 

f-Ilters a 
Combus 

Combus 

H"~"'" 

Solu11011 

'""-: Slv 

Cemr,nt 

CH WAST 

F3:lrci E 

HEPA F 

r •ltPrs ~ 
CornbLJ~ 

Cornilus 

SulutiOil 

·""' Slu 

c,,,,.,,,, 

Cwno"1l 

uopment 

"' c 

'Wrs 

1d M1xed 

t1bles 

:1bles 

' 
lges 

,rl w,~:e~ 

ES 

illlpme"' 

t (}f ~ 

ld MIM<d 
·•bles 

t1blrs 

' 
lues 

HuhiJie 

·d \'/e<stc-s 

FIGUI\E fi.9. 

-------------Addotove~ 

! 
Metal Melter 

Metal 
Separation 

c/\dd•llvr~ Svstem Med1a 

l Off-Gd~ 
CombuStliJif!~ 

System 

Shredder Scrubbe< 

T M1 xt" G-r=l Solutmn Ash 

~ lnc•ner;1tor 
~" 

~ .. "-

"-

i. Hut r.ot S 1zr' Reductoon h 
p,_,~ Pre~~ System 

Calciner r-

) Met,;l 
s.,,, RerlL•Ct•on 

·I Sep.ir.liiLW s, stf,rll 
I .. S•, c~em 

I i ·Vled•a 
Add•t•·-·e~ 

Cor lhJ~tdJieo _1 Off c"'~ 
""- Sy~te•P 

L Sr.iubl)er 

~ 
Shredder 

Soltn•nn 
/\~11 

MX< Cir•l'fiCr 

L illun~·),cH 

llcJt Ho~ S•n• Hrrlu:~t.c" Col,_,,e, r- f-'cess Prr:~-s s\'~tprr 
L__ 

Alterndtive ll: Process Flow Diagram for the Highest-Qftdlity I_JiJc;t:e For•11 



TABLE 6.9. Annual Treated Waste Volumes, Weights, and Number of PackagPs 
for the Highest-Ouality Waste Fo~m Alternative (8) 

Volume, m3 kg/m3 
Number of 

Weight, kg lle11s itt, Packa!.JeS 
Wastes Ont reated Treated Untreated Treated Untreated Treated 333L 

RH Wastes 
Failed Equipment 27 8,640 ll '200 320 7,800 4 
Spent Fue 1 
Hardware 450 90 405,000 527,000 900 6,500 270 

HEPA Filters 786 160 
metals ll 126' 000 96,400 2. 300 33 
combust i b 1 es 2 17' 600 5,460 2,300 76 
~dia 17 33' 900 44,100 z. 300 52 

Filters and Mixed 
Combustibles 66 300 

meta 1 s 1 3,960 5,150 7,800 2 
combustibles 1 14,900 l, 330 2, JOO 1 
noncombust i b l es 1 990 1,290 2,300 2 

Combustibles 5 0 1,135 100 250 2,300 0 

Resins 2 0 2,000 61 1, 000 2, 300 n 
So 1 uti ons "' Sludges 3 0 2,800 910 1, FlO 2,300 1 

Cemented Wastes 59 38 94,400 98, 200 1, 600 2, 300 115 

Totals 1,400 162 659,000 791,000 487 

CH Wastes 

Failed Equipment 116 4 37,100 48,300 320 1,000 11 

HEPA Filters 19 160 
metals 0 155 202 7,800 0 
combustibles 0 1,780 14 2, 300 0 
media 1 1,260 1,510 2' 300 2 

Filters and Mixed 
Combustibles 7l 300 
metals 1 4,260 5,540 7,800 2 
combustibles 0 16,000 1,420 2, 300 1 
noncombustibles 1 1 ,070 1,390 1, 300 2 

Combustibles 52 0 12,900 1' 150 250 2,300 1 

Solutions and 
Sludges 2 0 2' 200 715 1' 100 2' 300 

Concrete Rubble 39 20 49,300 51,300 1, 270 2, 300 60 

Concrete Wastes 72 47 115,000 120,000 1,600 2,300 141 

Totals 371 74 241,000 231,000 221 

Note: Data and values rounded to three significant figure<;, which are maintained for tile 
calculations but exceed the accuracy of the data. 
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All of the RH wastes are solidified in 0.30-m-dia by 4.6-m-long canisters with 

internal volumes of about 333 L. These are the same length as the proposed 

spent fuel containers, but smaller in diameter because of expected repository 

weight limits. 

6.9 SUMMARY OF WASTE VOLUMES 

Table 1 summarizes the waste treatment alternatives, with the specific 

treatment for each of the various types of waste ·in brief format. Table 6,10 

summarizes the waste volumes, container sizes, and the number of containers for 

each of the alternatives. The values in this tab-le were taken from the previ·· 

ous tables of this section. The final waste volumes are largest for Alter­

native 1 and lowest for Alternative 4, with a dif,:erence of a factor of about 

20 for RH wastes and a factor of about 12 for the CH wastes. Alternative 4 has 

the lowest weight of TRUW, but produces a significant volume of LLW. The 

cementation alternative (Alternative 5) has the h-Ighest weight, hut still 

achieves a volume reduction of a factor of about l over the no-treatment alter-­

native (Alternative 1). The values in Table 6,10 are used throughout the 

remainder of the report to further evaluate the a"!ternatives. 
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TA8LE fi,ll). Sunrna ry of Annua 1 l~aste Volumes. l~ei ':)ht s and Nu1nbe r of Packages for Each Alternative 

RH Wast~s CH Wastes 

Treaterl P~ckag<>rl Numher of Packages 
LLW (a} 

Treated Packaged Number of Packages 
Weight, Vol~mes, in Each Size Weight, Vol~rne~, 1n Each Size 

,~Jternative k m 208L 303L 333[ l, 2ROL 3,000L 208L ~ '"· 208[ 303[ 333[ 1, 2HOL -----
7UI:l,UUU 2, 311J 2' 4':10 82 J63 257,000 "'' 1<:'0 6dl 

2 7 34,000 BOO 3,850 305,000 286 l, 380 

3 7UU,UUU 239 284 140 2J6, OIJU 146 346 '" ~ 
4 . 

w 
570,000 124 314 503 155,000 07 172 

- 4A 67Y,UOU 154 2YU 297 JiJ] ld8,0UU l!J 034 ' 
'" fiilfl,DOll 177 284 352 207,000 117 534 18 

4C 6':l<J' uuu 225 730 21Y 003 ll:ld,OOO ll3 534 5 

40 775,000 240 745 256 207,000 138 631 18 

5 1,501),000 48o 4' 740 J42,0UU 36U 1,730 

6 648,000 138 414 184,000 14 222 

I lY?,OOO 237 284 256 73 2B9,0UO 163 676 lH l3 

8 843,000 1 7 3 520 239,000 71 231) 

(a) LUJ vCJltJ"lf'S and weicJhts are not incl11ded in totals. 
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7.0 COST CONSIDERATIONS 

For each of the TRUW treatment alt~rnatives studied, cost estimates were 

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

• Constructing and operating the TRUW and HAW treatment portions of the 

central treatment facility, including associated service facilities. 

(These costs are assumed to be incremental to those already planned 

for the MRS facility that is used as the reference.) 

• Decommissioning the incremental facilities 

• Transportation of the TRUW and HAW to the deep geologic repository 

and incremental LLW to a shallow land burial ground 

• Disposal of the TRUW and HAW in a deep geologic repository and dis­

posal of incremental LLW in a commercial shallow land burial ground 

where applicable. 

The costs are in late-1985 dollars on an undiscounted basis. Costs for R&D, 

licensing, selection, and development of the repository were not included. 

7.1 COST OF TRUW TREATMENT FACILITIES 

The capital and operating costs were estimated for the TRUW treatment 

facilities (incremental to the main parts of the MRS facility) for each 

alternative studied. It was assumed that the MRS facility will process 70,000 

MTU of spent fuel at the rate of 3,000 MTU/yr for 23.3 years. The MRS facility 

will process the internally generated TRUW (from spent fuel consolidation) and 

the incoming untreated TRUW from commercial facilities during those same 

23.3 years. 

7.1.1 Capital Costs for TRUW Treatment Facilities 

The capital costs include: 

Q designing and constructing the incremental treatment facility and 

associated service areas, including the installed cost of the equip­

ment to process the wastes 
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• pretreatment, which may be necessary to prepare the wastes, for the 

mainline treatment steps 

• placing the waste in canisters 

• assay and certification 

• four-month interim lag storage of the treaterl wastes 

• loadout for transportation to the disposal site. 

Costs for front-end facilities common to all alternatives are not included 

(e.g., receiving and unloading, front-end lag storage, and gross sorting intJ 

RH, CH, and general waste types). 

The capital cost estimates (Table 7.1} for this study are based on gent·ral 

unit factors (see Appendix R). 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 overall size of ~he 

equipment, space requirements were estimated for the mainline equipment wit~ 

allowances for access, accessory equipment, pipi1g, wiring, controls, in-plant 

transport equipment, and short-term in-line lag ;torage. Volume-based unit 

factors were then used to estimate cell or process room facility and servic;: 

facility costs. 

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

about $19 to $55 million. As expected, capital ~or RH processing is typically 

several times higher than for CH processing. Th!~ four months of lag storage 

and assay facilities for treated waste comprise ~:he predominant cost element 

for the alternatives with little or no volume reduction (Alternatives 1, 2, and 

5), hut become a small fraction of the total cap-;tal costs for the alternatives 

with significant volume reduction (Alternatives 'l, 6, 7, and R). 

7.1.2 Operating Costs for TR\JW Treatment Facilities 

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

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

incremental TRUW treatment facility and associatf~rl service areas. These oper-a­

ting costs are for the incremental facilities for- which the capital cost esti­

~ates were presented in the preceding subsection. 
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fJ\l1LE 7.1. Capital Costs for thP TRIJIJ and HAt./ Treatrnent Alternatives('l) 

Cost ___ "---~-----~~---~-~ost by Alt~~~_!t_ive, IM 
---~-- -~-~-

Element 1 2 3 4 4A 4R 4C 40 5 6 7 8 -- ~- ·-- -- ·~- -~~ -- -~- ~~- --~ 

RH ~Jaste 2.2 3.9 9.3 22. 7 22.1 20.9 19.1 lR.O 5.2 15.0 !fl. 7 ?7. 3 

CH \Jaste u .ll 1.9 ll. 7 8.2 0.5 0.5 0.5 n. 5 1.9 7. 1 5.5 10.5 
~ . Stg-Assay 43.8 21.8 8.5 4.9 6.3 6.5 R.2 8.3 24,8 1.4 8,2 6.3 w 

~~- --~-

Total(b) 46.11 27.6 18.5 35.8 2·3. y 27.9 27.8 26.8 31.9 27.1 32.4 44.1 

------·-
(a) Values are shown in more significant fig1rres thCln the accuracy of thP dnta t0 fllairltclin 

consistency of the calculations. 
(b) Tot a 1 values are rounder! frorn sw~ of dpt.ailerl nur11hers given in Appendix: R. 



The operating cost estimates are based on F-actions of the capital costs 

for the various process and handling steps, as d1~veloped by Ross et al. (1985). 

The fractions were derived from the authors' ana·lysis of the costs in other 

studies (U.S. DOE 1979 and McKee et al. 1984). The fractions vary for the dH­

ferent process and handling steps, depending on the type of operation. 

Detailed tables showing the development of operating costs are in Appendix 13 .. 

The estimated operating costs for each a1ternati-te are in Table 7.2. Operat;·ng 

costs are given on an annual basis and for the a~;surned facility operating life 

of 23.3 years. 

The lifetime operating costs for all alternatives are three to four times 

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

operating costs for all alternatives, and are the majority of the operating 

costs for Alternatives 1, 3, and 6. Storage/assay costs are highest for the 

alternatives with the highest final waste volumes (Alternatives 1 and 5). 

7.1.3 Summary of TRUW Facility Costs 

The life-cycle capital and operating costs imrl the decommissioning cost~. 

for the incremental treatment facility are summar-ized in Table 7.3, which shows 

the dominance of the operating costs in the tota· lifetime costs of the incrE'­

mental TRUW treatment facility. Decommissioning costs, which are based on a 

fraction of the initial capital costs (U.S. DOE ~986), are the smallest cost 

element of the three major cost elements in TablE' 7,3. 

7.2 TRANSPORTATION COSTS 

The treated TRUW are assumed to be shipped by rail to a deep geologic 

repository that is 2,000 miles from the central treatment facility. All 

RH- TRUW or HAW are assumed to be shipped in 100-t casks, and CH- TRUW are 

assumed to be shipped in two TRUPACTs/rail car. All shipments of treated TRUW 

are in five-car dedicated trains. Low-level seccndary wastes are assumed to be 

shipped by truck to a privately owned shallow lard burial ground that is 300 

mi 1 es away. 

Shipment of the TRUW and HAW is ass1Jrnerl to be done with a rail transporta­

tion system, owned and operated by the federal government, using five-car 
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TABLE 7.2. Uperatiny Costs for the TRU~J and HA~J Treat;nent Alterrlatives(a) 

Cost Cost by A 1 ternat i ves, $~~ 

El ernent 1 1::' 3 4 4A 48 4C 40 S 6 7 l:l -------

Annual Costs, $r~;yr 

RH-General 0.1 0.2 0.7 2.0 1.9 l.B 1.6 1.5 0.2 1.4 1.7 2.4 

RH-Cans 4.5 1.2 1.2 1.7 1.4 1.4 1.3 1.3 1.4 1.8 1.7 2.3 

RH-Stg-Assay 1.5 1.8 0.2 0.3 0.4 0.3 0.7 0.5 2.1 0.2 O.J 0.2 

RH-Total(b) 6.1 3.3 2.1 4.0 3.7 3.5 3.6 3.2 3.8 3.4 3.6 4.9 

CH-General <0.1 0.1 0.1 0.7 0.1 0.1 0.1 0.1 0.1 0.7 0.5 6.9 

CH-Cans 0.3 0.3 0.4 0.8 0.1 0.1 0.1 0.1 0.4 1.0 0.3 l.IJ 

~ CH-Stg-Assay 0.5 0.3 0.1 0.1 0.2 0.2 0.2 0.2 0.4 0.1 0.2 0.1 
• ( b I ~ CH-Total 0.8 0.7 0.6 1.6 0.4 0.3 0.4 0.3 0.9 1.8 0.9 2.0 

,\nnual Total(h) 6.8 3.9 2.7 5.7 4.1 3.8 4.0 3.6 4.7 5.2 4.5 6.9 
- - - -

Lifetime, $M 

RH llaste (b) 141.2 76.1 49.5 94.5 B6.7 81.4 d3.8 75.5 BH.8 79.6 U4.2 114.1 

CH Waste (h) 17.7 15.7 14.0 37.6 8.5 7.8 8.5 7.8 20.5 41.0 21.6 46.4 

Total Life(b) 158.9 91.8 63.5 132.1 95.2 89.1 92.3 83.3 1U9.J 120.6 105.8 160.5 

(a) Values are shown in mre si~nificant figures than tile accurdcy of tt1e data to maintain 
consistency of the calculations. 

(b) Total values are rounded from sum of detailed numbers given in Appendix !3. 
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TABLE 7.3. Summary of TRUW and HAW Treatment Alternatives Li(eJime Capital. Operating, 'lnd 
----

Decommissioning Costs for the Treatment Facility a 

Cost Cost by Alternative. $M -
Element 1 2 3 4 4.~ 4R 4C 40 5 6 7 8 -- --·-- ·-- ·-- ·~ 

Capital 46.0 27.6 18.5 35.8 ?R. q 27. g 27 .R 21i. 8 11.9 ?7. 5 1%.4 44. 1 

Operating 158.9 91.8 63.5 132. 1 95.2 89.2 92.3 83.3 109.3 uo.6 105.R lfiO."i 

necomrr1issioning(h) 5.5 3.3 2.2 4.3 3.5 3.4 3.3 3.? 3.R 3.3 3.9 5.3 -------
Total 210.4 12<. 7 84.2 172.? 1?7.6 120.5 123.4 111.3 145.0 151.4 14/.1 

(n) VnliJPS nrP c:;hown in morP signific:nnt figurPs than thP accuracy nf thP rlata tn fllaintnin 
consistency of thP calculations. 

(b) Uecornmissioning costs are taken to bP 12"4 of capital cost per DOE lqR6. 
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dedicated trains. Transportation capital (i.e., casks and TR.UPACTs) and opera­

ting and maintenance costs for TRUW and HAW are estimated using thR unit fac­

tors (container capacity and life and costs, train speed, turnaround time, 

shipping costs, and security costs) given in U.S. DOE 1985h . 

Shipment of LLW is assumed to bP done using cofllmercia1 truck earners. 

Unit transportation costs for LLW are taken from McNair et al. (1984), with 

costs escalated to l9R5 dollars. 

Table 7.4 presents the annual and lifetime operating costs and the initial 

and lifetime capital costs for transporting the treated TR\J\4 and HAW from the 

central treatment facility to the disposal facility. netails of transportation 

costs are in Appendix B. 

Table 7.4 shows that total transportation costs are significant cmnpared 

to the total treatment facility costs. The transportation costs are highly 

dependent on the treated waste volumes, and they exceed the total lifetime 

facility capital and operating costs for the alternatives with high volumes of 

treated wastes (Alternatives 1, 2, 3, and 5). 

7.3 DISPOSAL COSTS 

The TRUW and HAW from the central treatment facility are assumed to be 

disposed of in a deep geologic repository. Incremental LLW, where applicable 

(Alternative 4), is disposed of in a commercial facility. It was also assumed 

that the deep geologic repository disposal costs would he based on a repositor·y 

receiving a total of 70,000 MTU of spent fuel. 

A previous study (Ross et al. 1985) determined that disposal costs for 

TRUW were related to the HLW costs. This res11lted frorr1 splitting the capital 

costs of the facility between the HLW and TRUW. As the volume of the TRUW was 

reduced, the HLW share of the repository capital costs increased. The disposal 

cost per unit volume of TRUW also increased with volume reduction, because the 

near, volume-independent capital costs are recovered by less wastr~. 

Disposal costs were developed using RECON and cover constrtJCtion, opera­

tion. and decontamination of the repository. The disposal costs for each of 

the alternatives in this study have been estimated based on the respective 
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TARLE 7.4. Transportation Costs for the TRUW and HA~I Treatment Alterna.tives(a) 

Cost 
Element l 2 

-~----~---------Cost hy Alternatives, $M 
3 4 4A 4R 4C 4ll 5 

Initial Capital, $M 

RH-Casks 

CH- TRUPACTs 

Total Capital 

107.5 35.0 12.5 7,5 12.5 l/',5 12.5 12.') 42.5 

4.0 2.4 2.4 0.8 ?,4 2.4 2.4 ?,4 3.2 

111.5 37.4 14.9 8.3 14.9 14.9 14.9 14.9 45.7 

Annual Operating Costs, $M/yr 

Shipping/ 
Security 2fi.3 8.R 2.R 2.4{c) 2.7(c} 2.1 3.4(c) 1.n 

Maintenance 5,7 2.0 .9 0.5 0,9 0,9 0,9 0,9 

lll. l 

2.4 
----~---------~-~ 

Total Annual (b) 32.0 lD.!:l 
Operating 

Lifeti,ne, $M 

Capital (h) 

llperatiny(b) 

223.0 74.H 

747.5 250.9 

3. 7 2. 9 

29.8 l6.fi 

85.7 67 .o(c l 

3.R 

29.8 
83. 1 (c) 

3.? 

29.8 

74.4 

4.3 

29.8 

09.11 c I 

3. R l/',7 

2Y.8 '::11.4 

89.fi 295.4 

fi 7 

HU1 lS.n 

l.fi ? .4 

ll.fi 17.4 

R 

12.5 

l.fi 

14. 1 

2.? ?.k ?_.7 

ll. 7 1.0 O.R 

2. R 

23. 2 

6'). 7 

3.8 

34.>1 

fl7. 4 

1.' 

2;{.2 

80.2 

Total 
Life 97U.5 325.7 ll5.S 83.6{c) 112.9 104.2 12q.1 119.4 3A6.A(c) 88.8 12?.2 108.4 

(a) Values are shown in more significant figures than the aCCIJracy 0f the ctata to maintain consistency of 
the calculations. 

{b) Total values are rounderl from sum of detailed nurnhers given in Appenrlix R. 
(c) Includes 0.5 $M/yr or ll.3 ~M total lifetirrJe LL~J shipping costs. 
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volumes of RH and CH waste that will be disposed of in the repository. The 

costs of LLW disposal have been calculated and included in Alternative 4. The 

~stimates for LLW disposal were calculated from the current (July 1985) LLW 

• disposal cost schedule published by Chem-Nuclear Systems, Inc. at Barnwell, 

South Carolina.(a) The disposal cost for wastes disposed of in a deep geologic 

repository disposal were estimated from the previous disposal cost data (Ross 

et al. 1985). The referenced cost data were based on those for a basalt 

repository that adds overpacks for the RH wastes. A repository in basalt is 

expected to have somewhat higher costs than in other repository media {U.S. 

DOE, 1984). 

The repository disposal cost data from Ross et al, (1985) were divided 

into CH and RH waste data, and a correlation between cost and volume was 

obtained for the seven sets of data. It was found that an equation of the 

form: 

costs= a •TvDn + b (vol) 

fits the data with a correlation coefficient of 0,96. Equations of this form 

were used for both the RH and the CH waste volumes (see Appendix B for 

details). 

The heat loading of the melted fuel hardware, after being out of the reac­

tor for 10 years, was estimated to be about 125 W/333-L canister for spent fuel 

hardware wastes from a melted pressurized water reactor (PWR), and 95 W/333-L 

canister for spent fuel hardware wastes from a melted boiling water reactor 
(BWR). These expected heat-generation levels are near the maximum acceptable 

for stacking in repository boreholes and may require some additional aging, 
particularly for the PWR wastes. However, for this study these heat levels 

were assumed to be low enough that they would not result in additional disposal 

costs related to the need for greater space to provide further separation of 
the waste packages to allow for adequate heat dissipation. 

(a) The January 1986 changes in
3
the LLW disposal act, which increase the 

disposal costs about $20/ft , have not been included. These added costs 
would amount to about $75,000/yr for Alternatives 4, 4A, 4C. 
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The incremental LLW in Alternative 4 was estimated to contain less than 

1 Ci/container, and would therefore have no surcharges applied to the wastf'><;. 

The basic charge, including taxes, results in a cost of $189/208-L drum, which 

for Alternative 4 is an annual cost of about $80,000. For the 70,000-MTU base, 

the total cost is then about $1.9 million. 

Application of the above information to thE' treated waste volume data in 

Section 6.0 for each of the eight primary alternatives results in the disposal 

costs shown in Table 7.5. The estimated costs ~how the importance of waste 

volume reduction on disposal costs. The currently proposed treatment in thP. 

MRS facility reduces waste disposal costs by about $700 Mover the no-treatrr;ent 

costs (Alternative 1 versus Alternative 2). An additional $700 M or more could 

be saved in disposal costs by using a more effective volume reduction treatrrent 

(Alternatives 4, 6, and 8 versus Alternative 2). Alternative 4 has the lowest 

cost for disposal (as might be expected), and Alternative 6 has the second -:ow­

est cost. The $32M cost difference between Alternatives 4 and 6 is mostly 

attributed to the decontamination of some materials in Alternative 4 and their 

less costly disposal as LLW. Improvements in the quality of the waste form 

with a 30% increase in final waste volume in Alternative 8 versus Alternative 4 

increase the cost of disposal by about $90 M in Alternative 8. 

Also note that the cost of RH wastes are a factor of 4 to 9 higher tharo 

the cost for disposal of CH wastes. 

7.4 TOTAL LIFE-CYCLE COSTS 

The total life-cycle costs (exclusive of R&D and repository siting devel­

opment and engineering costs) for management of the TRUW and HAW from the 

12 treatment alternatives are given in Table 7.6. The costs given in Table 7.6 

are taken from Tables 7.1 through 7.5. 

Table 7.6 shows that disposal accounts for ·:he majority of total lifeti1ne 

cost, ranging from 61% in Alternative 1 to 79% in Alternative 3 of the undis .. 

counted total costs. Transportation costs range from 11% of total lifetime 

costs for Alternative 8 to 20% for Alternative 5 (except for 32'% for Alter­

native 1). Treatment facility costs range from"'% of the total lifetime costs 
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TABLE 7.>. Repository and lli spas a 1 Costs for the Treatment Alternatives (a) 

Undi scounted Cost hy A lternat i VP.S. I 985 $M 

Cost Element I 2 3 4 4A 4~ 4C 40 5 fi 7 8 -- -- - --- - -- -- -- --
RH Waste 1,851 1,162 624 4>1 109 51 g 618 624 1.254 474 6111 

CH \~aste 201 165 1!9 7H Ill IP Ill !P IR? RR PR 

I.UJ -- -- -- 2 2 -- 2 

Tot a 1 2,055 1,327 743 531 622 631 731 736 1.437 562 732 

(a) Values are sh0wn in rnore significant fiq11res than the acC11racy of the rlata to rnni1ti:lin 
consistP.ncy of the calcualtions. 

5?9 
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TABLE 7.6. Life-Cycle Costs for r~anagement of the TRlJI~ in the Treatllll"nt Alternatives(?!) 

Cost IJndiscounterl Cost hy Alternative, 1q115 $M 
Element -1 2 3 4 4A 4R 4C 40 5 6 7-........, ---

Treatment Facility, $M 210 123 84 172 128 121 123 Ill 145 151 ld? 210 

Transportation, $M 9 71 326 116 84(h) ll3(b) 104 129 (hI 119 387 89 121 [1)8 

Disposal, $M 2,055 1 • 327 743 53l(c) 62z(c) 631 73l(c) 736 ], 437 562 732 619 

TJTAL 3,236 1' 776 943 787 863 856 983 968 !,969 802 995 917 

(a) Values are shown in morP .;;;i9nificant figures than the c:ccurucy r;f the data to ••ldinLdin 
consistency of the calculations. However, values are rounder! to agree with totnls on the prior 
five tables. 

(h) Includes 11.3 $M LLW shipping costs. 
(c) Includes l.g $i1 for LLW disposal. 

• 
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for the sirnpl•:> treat.npnt alternatives {.ll,ltPrnativr>s 1 and 2) t•J 2?~·:. f.Jr t~e 

rnOri~ extensive trPatrnent alternatives (Al t,?rna:i vr~s 4 dnd R), ilw costs ~J!' 

disposal .:wd transportation aCt~OrJnt fJr 7'07. to 93~:'. of thP total costs, A.!ld 

their costs arP strongly dependent on the Fin.1l volu:nPS of trpa:;eci wa<;t;::>S, 

Therefore, there nrP r11ajor r>conorni c incentives f:Jr considering the rnore ext;~n­

sive treatment alternntives. 
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8.0 COMPARISON OF ALTERNATIVES 

Previous sections have emphasized the identification and evaluation of 

TRUW and HAW 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 
characteristics (operational safety, process simplicity, status of technology) 

are discussed and compared in this section. The alternatives are then rated 

based on costs, waste form characteristics, and process characteristics. 

8.1 WASTE FORM CHARACTERISTICS 

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

with the regulatory requirements for waste disposal. Although geologic dis­

posal in a federal repository is assumed in this study, the final disposal 

methods for TRUW and HAW have not been established. As noted in Section 4.0, 

the acceptability for disposal of any waste form cannot be stated with cer­

tainty, because detailed waste form requirements have yet to be established. 

However, the better the properties of the waste form, the greater the likeli­

hood of its acceptance for disposal and the higher its rating in this 

evaluation. 

Section 4.0 indicated that the waste form may be required to have specific 

characteristics, particularly for deep geologic disposal. The most significant 

characteristics that may be required for the waste form 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. 

• No organic or combustible materials, (important because of potential 

organic complexing of actinides, which can lead to the acceleration 

of their migration from the repository). 

• Immobilized particulates (to avoid release of material if a canister 

fails during handling or transportation, and to reduce potential 

release rates). 

8.1 



• No pyrophoric potP.ntial in the waste materials (important during 

waste package handling, transportation, anc storagP.). 

• Structural stability to assist in preventirg mechanical failurP of 

the canister, overpack, or container (<20% void volume in packages). 

• The ability of the waste form to resist hi£h radiation doses without 

degradation of the preceding five characteristics or generation of 

detrimental volumes of gas from radiolysis, 

Five steps were carried out to assess the relative performance of thP. 

waste forms produced by each of the 12 treatment alternatives: 

• Identify the waste forms. 

• Rank each waste form. 

• Assign a percentage weighting to each of the six waste form 

characteristics. 

• Define a value of relative favorability for each waste form 

alternative. 

• Determine the waste form value for each alternative. 

First, the 18 different waste forms that wo·Jld bP produced by the eight 

waste treatment alternatives were identified. Ea.ch of these waste forms was 

then ranked according to the six waste form characteristics defined previous'ly. 

The waste forms were ranked on a scale of 1 to 1;~ with the lowest numerical 

ranking being best. This was done in detailed ct·iscussions of the relative 

ranking of the waste forms until the authors reached a resolution. Several 

ranking methods were tried, including grouping tlle forms that had nearly the 

same characteristics and using a "relative worth" value rather than a rankin~J. 

In the end, it was felt that ranking the waste forms according to the six 

characteristics provided a sufficient separation in rankings. The authors also 

constructed and agreed on a percentage weighting for the relative importance of 

each of the waste form characteristics. 

Table 8.1 lists the waste forms in alphabetical order and shows the 

results of the ranking and the relative percenta~Je weightings for each waste 

8.2 



"' . 
w 

.. 

TARLE B.l. Relative Weightlngs, Ranking, and Relative ~lorth Values of the lB Waste Forms(a) 

Relative Weighting, % 

Waste Form 
Cement 

Cement Containing Metals 

Cement with Combustibles 

Compacted Combustibles 

Compacted HEPA Filters 

Dried Resins 

"Durable" Melted Metal 

Highly Compacted 
Combustibles 

Highly Compacted Dried 
51 udge 

Highly Compacted HEPA 
Filters 

Highly Compacted Metals 

Hot Pressed "Durable" Oxides 

Melted Metal 

Melted Oxide Residues 

Metal Pieces 

Mixed Melted Wastes 

Residues in Sulfur-Bonded 
Graphite 

Untreated Wastes 

Release 
Rate 

50 

7 

8 

9 

15 

16 

17 

2 

12 

13 

14 

10 

4 

5 

11 

6 

3 

18 

Organic or 
Combustible Particulate'> Pyrophoricity 

15 

9 

8 

11 

17 

14 

15 

4 

16 

10 

13 

6 

1 

5 

2 

7 

3 

12 

18 

15 

9 

8 

10 

15 

16 

17 

12 

14 

13 

6 

3 

2 

4 

11 

5 

7 

18 

10 

8 

6 

15 

14 

7 

9 

13 

4 

12 

16 

2 

10 

3 

17 

5 

11 

18 

(a) 1 "highest (best) rank; 18 "lowest (worst) rank. 

Structural 
Stahil ity 

3 

7 

6 

8 

15 

14 

16 

13 

12 

11 

9 

3 

' 
5 

17 

4 

10 

18 

Radiation Waste Form(b) 
Resistance Form Value 

7 

10 
q 

14 

16 

13 

17 

2 

15 

11 

12 

4 

5 

3 

7 

5 

8 

18 

721 

R01 

947 

1,537 

1' 523 

I, 567 

282 

1,294 

1,163 

1,327 

895 

181 

432 

434 

1,076 

538 

582 

1,800 

(b) Obtained from the sum of the products of the relative weighting and waste form ranking for each characteristic. 



form characteristic. Note that hot-pressed "dur,~ble" oxide was given the best 

overall product value in terms of the slx waste Form characteristics, and a 

"durable" metal was a good second. The least desirable form was the untreat!~d 

waste, which ranked last in each of the characte·~istics. The dried and 

compacted materials were also expected to he pool~ performers. 

The last step in the assessment was to comb·ine the values for each of the 

waste forms generated by each treatment alternat·ive into an "alternative waste 

form value." This was necessary to account for the different types and volunes 

of waste forms in each alternative and to provide a standard basis of compari­

son. This was done by multiplying the waste fom value by its fractional 

volume and then summing the resulting values for Pach alternative. Table Fl.? 

lists the results of this combination and normal· zation of the waste form val­

ues. Alternative 1 provides a good example of ttle normalization procedure. 

The three waste forms generated in Alternative 1 are untreated wastes, cement, 

and dried resins. 

the weighting for 

The untreated waste volume clE~arly dominates the volume, so 

Alternative 1 is dominated by the untreated waste ranking. A 

simple averaging, which was considered and rejected as a normalizing process, 

would have given a significantly lower value because of the presence of a smJll 

volume of cement. 

Note in Table 8.2, that the best waste treatment alternative from a waste 

form point of view is Alternative 8, which only produces durable metals and 

oxides. The worst is Alternative 1 with its hig~ content of untreated wastes. 

Alternatives 4 and 6 both appear to have good waste form ratings even though 

the treatment processes were not specifically chosen for their waste form chdr­

acteristics. Alternative 7 has a very similar value to Alternative 6, and the 

rliffr:>rence between them may not be significant. Alternatives 4A, 48, 4C, and 

40 have similar ratings to Alternatives 6 and 7, The use of cement as a final 

waste form has significantly raised the alternative 4A, 48 4C, and 40 product 

ratings from Alternative 4. The use of cement in Alternatives 4C and 4D, 

rather than melted oxide in Alternatives 4A and 48, also raised their ratings. 

Alternatives 2 and 5 also have very similar values that indicate less desirable 

properties. Note that what will be neederl will be an acceptable waste form, 
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TABLE 8.2. Combination and Normalization of Treatment Alternative Waste 
Form Values 

Waste Waste Alternative 
Alternative Form Form Waste Form 

Number Products Value Volume Value 

1 Untreated Wastes 1,800 2,105 1, 718 
Cement 721 174 
Dried Resins 1567 2 

2 Metal Pieces 1,076 545 1,122 
Compacted Filters 1,523 258 
Cement with Combustibles 947 39 
Cement 721 179 

3 Highly Compacted Meta 1 s 895 119 915 
Highly Compacted Filters 1, 327 68 
Highly Compacted Combustibles 1, 294 12 
Highly Compacted Dried Sludge 1,163 1 
Cement 721 157 

4 Melted Metal 432 99 433 
Melted Residues - Oxide 434 74 

4A Melted Metal 432 74 620 
Melted Residues -Oxide 434 18 
Cement 721 170 

4B Melted Metal 432 84 613 
Melted Residues - Oxide 434 18 
Cement 721 170 

4C Melted Metal 432 74 657 
Cement 721 259 

40 Melted Meta 1 432 84 650 
Cement 721 256 

5 Cement Containing Organics 1, 537 436 1,139 
Cement Containing Metals 947 593 
Cement 801 176 

6 Mixed Melted Wastes 582 582 

7 Melted Metal 434 87 625 
Cement 801 131 
Residues in Sulfur-Bonded Graphite 582 146 

8 "Durable" Melted ~1etal 282 107 227 
Hot Pressed 11 Durable" Oxides 1R1 129 
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not necessarily the waste form with the highest rating. Critical cost and 

processing factors are also considered in the subsequent sections. 

8.2 PROCESSING CONSIDERATIONS 

The processes required for each waste treat~ent alternative were evaluated 

qualitatively according to their operational safety, process simplicity, and 

status of technology. A numerical method was then used to obtain an overall 

process ranking and a process value. The process values for each treatment 

alternative were totaled to obtain an overall process value for each alterna­

tive. The following subsections discuss the evaluation criteria and descrih2 

the numerical ranking [llethod. 

8.2.1 Operational Safety 

The safety of each waste treatment alternative relative to the operatio1al 

staff and the general public was considered with respect to chemical hazard~ .• 

fire or explosions, mechanical hazards, electrical hazards, and radionuclidE· 

releases. All of the processes would be safe when implemented, but some of the 

processes have inherent safety concerns that would require additional safety 

provisions in the design or operation procedures. 

Chemical hazards are judged based on the use or generation of hazardous 

materials such as acids, bases, respirable fines, toxins, etc. The processes 

selected for this study do not generally require these agents (although somE· of 

these agents may be generated during processing) and, as such, are relativel{ 

safe chemically. 

Fire or explosion hazards could occur during handling of organic and 

combustible materia 1 s and the use of high-temperature processes. Process uri ts 

that have a higher fire or explosion potential include the arc pyrolysis 

melter, incinerator, metal melter, oxide melter, and calciner. 

Mechanical hazards are a concern where oper3ting personnel work near 

mechanical equipment and high-pressure systems. Although most processes have 

some mechanical system, process units that have 3 large amount of mechanical 

operations are the shredder, compactors, presses, mixer grinders, and the 

in-drum cement mixer. 
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Electrical hazards are related to the amount of electrical power userl. 

None of the alternatives should pose a major hazard to operating personnel 

because the electrical power is likely to hP handled safely. Process units 

that are more electrical power intensive include the arc pyrolysis melter, 

metal melter, oxide melter, calciner, and hot press. 

The potential for radionuclide release is related to generation of radio­

active elements as particulates or gas. This is more of a concern with high­

temperature processes that have a higher potential for volatilization of 

radionuclides. Process units that have increased potential for radionuclide 

release include the arc pyrolysis melter, metal melter, incinerator, oxide 

melter, calciner, and hot press. 

The authors used the above-mentioned safety considerations to rank the 

process units from the safest to the least safe. The process ranking, as 

determined by the authors, is shown in Column 1 of Table 8.3. Simple process 

units, such as the in-drum grouter and the dryer, were judged to be inherently 

more safe. High-temperature process units, including the arc melter, metal 

melter, incinerator, and oxide melter, were judged less safe. 

8.2.2 Process Simplicity 

Each process was evaluated as to the complexity of both equipment and 

operations. Complex equipment may require more maintenance and repair and more 

care in operations than simpler systems. Process complexity also frequPntly 

shows up in increased cost of labor, process equipment, and facility space. 

The rankings of process simplicity are shown in Column 2 of Table 8.3. 

The in-drum grouter, drum compactor, and dryer were considered to be less 

complex process units while the arc pyrolysis melter, incinerator, metal 

melter, oxide melter, and hot press were considered to he more complex. 

8.2.3 Status of Technology 

The time required for implementation of the technology, the cost of R&D, 

the availability of designs, and the operational experience are all related to 

the status of technology. The authors considered these factors in deriving a 

ranking of the processes in terms of status of technology. The result of the 
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TABLE 8.3. Ranking of the Waste Treatment Processes(a) 

Ra~ Operational Safety 

1 In-drum grouter 

2 Dryer 

3 In-drum cement mixer 

4 Shredder 

5 Size reduction system 

6 Drum compactor 

7 

8 

9 

10 

Supercompactor 

Press 

Decontamination system 

Separation system 

Process Sim~licity 

In-drum grouter 

Drum compactor 

Dryer 

In-drum cement mixer 

Size reduction system 

Shredder 

Press 

Mixer/grinder 

Supercompactor 

Separation system 

Status of Technology Overall Process Ranking 

Dryer Dryer 

Drum compact or Drum compact or 

Decontamination system In-drum grouter 

Supercompactor In-drum cement mixer 

Off-gas system Size reduction system 

Calciner Supercompactor 

In-drum cement mixer 

In-drum grouter 

Press 

Incinerator 

Shredder 

Press 

11 Mixer/grirJder DeCOiitamiiiatioro s:;st~m Size reJucL ion system 

Decontamination system 

Off-gas system 

Caiciner 

12 

13 

14 

15 

16 

17 

18 

Off-gas system 

Hot press 

Calciner 

Oxide melter 

Incinerator 

Metal melter 

Arc pyrolisis melter 

Calciner 

Off-gas system 

Hot press 

Oxide melter 

Metal melter 

Incinerator 

Arc pyrolysis rnelter 

(a) 1 =highest (best) rank; 18 =lowest (worst) rank. 

Shredder 

Separation system 

Metal melter 

Hot press 

Oxide melter 

Mixer/grinder 

Arc pyrolysis melter 

Separation system 

Mixer/grinder 

Hot press 

Incinerator 

Oxide melter 

Metal melter 

Arc pyrolysis melter 



qualitative evaluation of the technology status is summarized in Column 3 of 

Table 8.3. The status of technology is most favorable for the dryer, drum 

compactor, decontamination system, supercompactor, and off-gas syst~m; and is 

less favorable for the arc pyrolysis melter, mixer/grinder, oxide melter, hot 

press, and metal melter. 

Many of the processes have been developed for other types of radioactive 

wastes, particularly defense TRUW and LLW where shredding, incineration, and 

cementing are being used. Development of technologies for both defense TRUW 

and LLW is expected to continue, reducing the amount of technology development 

needed for commercial TRUW and HAW. Timing of the technology for application 

to commercial fuel reprocessing does not appear to be a major concern; however, 

timing of the technology for spent fuel consolidation operations within the 

federal waste management system could be critical. The cost for R&D is 

expected to be small compared to the potential savings from implementation of 

the technology. 

8.2.4 Overall Process Evaluation of Treatment Alternatives 

The overall ranking of the processes is given in the last column of 

Table 8.3. This ranking is a composite of the three factors presented in the 

prior three columns. 

A numerical weighting method was used to derive the final ranking and to 

obtain a process value for each of the 18 processes. Each process was assigned 

a number from 1 (best) to 18 (worst) for each evaluation category. The authors 

then gave each evaluation category a relative weighting, based on their 

combined judgment (operational safety ~ 20%, process simplicity ~ 50%, and 

status of technology ~ 30%). A process value for each process unit was then 

calculated by summing the product of the process ranking number and the evalua­

tion category weights. Table 8.4 shows the assigned numbers and the resulting 
process value for each process unit. 

The process values were used in the overall evaluation for the eight 

primary waste treatment alternatives. This final process evaluation for each 

alternative was performed by summing the process values for all of the CHand 

RH processes used in each treatment alternative. Table 8.5 shows the CH and RH 
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TABLE 8.4. Process Values for Each Process(a) 

Process 

Arc pyrolysis melter 

Calciner 

Decontamination system 

Drum compactor 

nryer 

Hot press 

In-drum cement mixer 
In-drum grouter 

Incinerator 

Metal melter 

Mixer/grinder 

Off-gas system 

Oxide melter 

Press 

Separation system 

Shredder 

Size reduction system 

Supercompactor 

Operati ?W 
Safety 

18 

14 

9 

6 

2 

13 

3 

1 

16 

17 

11 

12 

15 

8 

10 

4 

5 

7 

Process 
Simplicity(b) 

18 

12 

11 

2 

3 

14 

4 

1 

17 

16 

8 

13 

15 

7 

10 

6 

5 

9 

Status of Proces~ 
TechnolO!J,V(b~ ValuelC) 

18 1,800 

6 1, 060 

3 820 

2 280 

1 220 

15 1,410 

7 470 

8 310 

10 1,470 

14 560 

17 1,130 

5 1, 040 

16 1,530 

9 780 

13 1,090 

12 740 

11 680 

4 710 

(a) 1 ~highest (best) rank; 18 =lowest (worst) rank (values come from 
Table 8.3). 

(b) Relative weighting for operation safety = 21); process simplicity = 50; and 
status of technology = 30. 

(c) Process values are the sums of the relative weighting multiplied by the 
ranking value (i.e., 18 x 10 + 18 x 10 + 18 x 10 = 1,800). 

procf:'SSI':'S and the total numerical process value calculated for each treatment 

alternative. The relative process values are sh')Wn with the no-treatment 

altPrnative having the best process value. The '1ext-best treatment alterna­

tives are the MRS Reference, supercompact ion, an,j cementation. Arc pyro lysi ·; 

and melting is next in order of process desirability. The lowest process value 
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TABLE 8.5. Rel at 1 ve Process Values(a) 
-

CH Processes RH Processes 
Total 

Process 
Treatment 0E_tion Process Unit Value Sum Process Unit Value Sum V"<•l ue 

I. No Treatment 0 In-drum cement mixer 470 690 690 
Dryer 220 

2. MRS Reference Size reduction system 680 960 Drum compactor 280 750 1, 710 
Drum compactor 280 In-drum cement mixer 470 

3. Supercompaction Size reduction system 680 1,180 Compactor 280 1, 210 2,390 
Compactor 280 Dryer 220 
Dryer 220 Supercompactor 710 

4. Maximum Volume 2 size reduction systems 1,360 7, 230 Separation system 1,090 8,930 16 ,lfiO 
Reduction Separation system 1,090 Shredder 740 

Shredder 740 Incinerator 1,470 

'" 
Incinerator l, 470 Off-gas system 1, 040 . Off-gas system I ,040 Decontamination system 820 

~ 

Oxide melter 1,530 Oxide melter 1,530 ~ 

Metal rnelter 1, 560 
Size reduction system 680 

4A, Maximum Volume Separation system 1, 090 1,090 Separation system 1,090 8,250 9,340 
Reduction Shredder 740 

Incinerator 1, 470 
Off-gas system 1,040 
Decontamination system 820 
Oxide melter 1, 530 
Metal melter 1' 560 

4B. Maximum Volume Separation system 1,090 1, 090 Separation system 1, 090 7. 430 8,520 
Reduction Shredder 740 

Incinerator 1, 4 70 
Off-gas system 1,040 
Oxide me lter I, 530 
Metal rnelter 1,560 

4C. Maximum Volume Separation system 1,090 1,090 Separation system I, 090 7' 190 8,280 
Reduction Shredder 740 

Incinerator 1 '4 70 
Off-gas system 1,040 
Decontamination system 820 
In-drum cement mixer 470 
Metal melter 1' 560 
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TARLE 8.5. (cootd) 

CH Processes 

Treatment Option Process Unit Value 

40. Maximum Volume 
Reduction 

5. Cementation 

6. Arc Pyrolysis 
and Melting 

Separation system 

Size reduction system 
Shredder 
In-drum cement mixer 

2 size reduction systems 
Arc me 1 ter 
Off-gas system 

7. Sulfur-Graphite Size reduction system 
Separation system 
Shredder 

8. Highest-()Jality 
Waste Form 

Incinerator 
Off-gas system 
Mixer/grinder 
In-drum grouter 

2 size reduction systems 
Separation system 
Shredder 
Incinerator 
Calciner 
Off-gas system 
Mixer/grinder 
2 hot presses 

1,090 

680 
740 
470 

1,360 
1,800 
1,040 

680 
1,090 

740 
1,470 
1,040 
1,130 

310 

1, 360 
1,oqo 

740 
1, 470 
1,060 
1, 040 
1,130 
2,110 

RH Processes 

Sum Process Unit Value 

1,0qo Separation system 
Shredder 
Incinerator 
Off-gas system 
In-drum cement mixer 
Metal melter 

1,890 Shredder 
2 in-drum grouters 
In-drum cement mixer 

4,200 Arc melter 
Off-gas system 
Size reduction system 

6,460 Separation system 
Shredder 
Incinerator 
Off-gas system 
Mixer/grinder 
Press 

10,000 

Metai meiter 

Separation system 
Shredder 
Incinerator 
Calciner 
Off-gas system 
Mixer/grinder 
2 hot presses 
Metal melter 
Size reduction system 

1,090 
740 

1,4 70 
1, 040 

470 
1, 560 

740 
460 
470 

1,800 
1, 040 

680 

1 '090 
740 

1, 4 70 
1,040 
1,130 

780 
i. 560 

1,090 
740 

1,470 
1,060 
1,040 
1,1301 

2 uo(b • 
1, 560 

680 

(a) 1 "highest (best) rank; 18 =lowest (worst) rank. 

Sum 

6,370 

1, 670 

3,520 

7. 810 

10,200 

{b) Where two like processes are required, the process value is increased by 50% for that process. 

Total 
Process 

Va 1 ue 

7,460 

3,560 

7. 720 

14,270 
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treatment alternatives are the MVR reduction, sulfur-bonded graphite, and 

highest-quality waste form alternatives. Alternatives 4A, 4R, 4C. and 40 all 

have improved values over Alternative 4, because of the elimination of several 

of the process units originally in Alternative 4. 

8.3 COMBINED ALTERNATIVE RATINGS 

This section discusses combining the waste form values, process values, 

and costs for each of the alternatives, with respective costs or values from 

Sections 7.5, 8.1, and 8.2. Because the values are based on different scales 

and have different ranges, they are not directly comparable. Therefore, we 

first divided all of the values by the minimum value for that characteristic to 

obtain a ratio of relative value. A summary of these results is shown in 

Table 8.6, where it can be noted that costs, waste form, and process values 

differ by up to a factor of 4.61, 7,67, and 29,28, respectively. Using an equa-

tion of the form ••Rating =a (value) - b11 we have spread the values for each of 

the characteristics on a rating scale of 1 to 100. The best 

TABLE 8.6. Summary of Evaluation Characteristic Values and 
Their Normalized Relative Values 

Life-Cycle Waste Relative Relative 
Costs Form Process Relative Waste Form Process 

Alternative $M Va 1 ue Va 1 ue Cost Value Value 
I 3,236 I, 718 690 4.11 7.57 1.00 
2 I. 776 1,122 I, 710 2.26 4.94 2.48 

3 943 915 2,390 I, 29 4.03 3. 46 
4 787 433 16,160 1.00 1.91 23.42 
4A 863 620 9,340 1.10 2.73 !3. 54 
48 856 613 8,520 1.09 2.70 12.35 
4C 983 657 8,280 I. 25 2.89 12.00 
40 968 650 7,460 I. 23 2.86 10.81 
5 I, 969 1,139 3,560 2.50 5.02 5.16 
6 802 582 7,720 1.02 2.56 11.19 
7 996 625 14,270 I. 27 2.75 20.68 
3 937 227 20,200 1.19 1.00 29.28 
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alternative was rated 1 and the least desirable alternative was rated 100. 

Values of a and b were selected to provide this spread. An equation of the 

form ''Rating = a (value)'' was also tested to increase the maximum value to 180, 

and there were only very minor differences in the relative positions of the 

alternatives. Table 8.7 summarizes of the final ratings and the sum of the 

three rating values for each alternative. Note that Alternative f) has the 

lowest and best rating, followed by Alternatives 3 and 4R. 

The total ratings in Table 8.7 assumed equal weighting for costs, waste 

form characteristics, and process characteristics, but cases can be made for 

different weights, and several sets of weights ""ere investigated. These art! 

contained in Table 8.8 where the three best ratings for each of the weights 

have been underlined. Note that Alternative 6 has one of the best ratings ~or 

nearly all of the weighted characteristics. The no-treatment alternative is 

only attractive if major weight is given to the process rating. The MRS facil­

ity alternative is likewise favored if the process rating is given the hight~r 

TABLE 8.7. Comparative Ratings for Cost, Waste Form Characteristics, and 
Process Characteristics, and Their Sums 

Cost Waste Form Process Total(a) 
Alternative Rating Rating Rating Rating 

1 100 100 1 201 

2 41 60 7 lOR 

3 7 47 10 64 

4 1 15 79 95 

4A 4 27 45 76 

4B 4 27 41 71 

4C 9 30 40 7R 

40 7 29 36 73 

5 49 62 16 126 

6 2 25 37 63 

7 9 27 70 107 

8 7 1 100 108 

(a) Based on equal weight for cost, ~aste form, and process. 
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weighting. This is consistent with the design for the MRS facility, which was 

based primarily on process experience and availability. The supercompaction 

alternative is generally favored except in cases where waste form ra~ing is 

weighted higher. The MVR alternative (Alternative 4) and Alternatives 4A and 

4R do well undP.r most balanced weightings and when cost is weighted high. 

Cementation is only attractive when process is weighted high, and then it is a 

slim third choice. The arc pyrolysis and melting alternative is the definite 

best choice in many cases and is nearly always one of the better choices 

irrespective of the weightings. The sulfur-bonded graphite alternative does 

not excel under any of the alternatives. The highest-quality waste Form 

alternative is first choice when the waste form value is weighted high, as 
might be anticipated. The evaluation of the additional alternatives of 

Alternative 4 have very similar ratings, and many of the differences may not be 

significant; however, these results indicate that it is generally worthwhile to 

avoid treatment of the precemented wastes and to look more carefully at decon­

tamination before decontamination is implemented. Also, the melting of the 

residues and oxide materials is favored over cementation. 

Under the equal relative weighting scheme supercompaction, MVR with melt­

ing only, and arc pyrolysis and melting are the three best alternatives. It is 

interesting to note that at least one of the three is selected regardless of 
the weightings given to waste form, process, and costs. This implies that if 

those three processes were available, one would be a desirable system regard­

less of the weightings of the characteristics. 
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TAllLE 8.8. Ratings with Weightings for Costs, Waste Form Characteristics, anrj 
Process Characteristics 

Relative Wei hts 

Cost l l 2 2 l 4 l 9 l l 
Waste Form l 2 2 l 4 l l l g l 
Process l ? l 2 l l 4 l l q 

Alternative Rat in ··---
I. No Treatment 201 303 401 303 50! \Ill 206 1,001 1,001 ?!J(a) 

--
1. MRS Reference 104 17 4 209 155 288 231 PR 436 588 161 -- ~ 

3. Supercompaction 66 111 118 81 205 85 lJ5 120 440 146 --- - - - --
4. MVR. with Decontamination 95 390 111 177 141 lOll 334 108 216 732 

co -- -- --. 
4A. MVR with Decontamination 76 148 107 125 157 88 111 lOR 292 436 -m and Melting 

48. MVR with Melting Only 72 140 103 117 153 84 195 104 2RR 400 
- ·- -- ~ -

"" M\!Ll ,,,;+-h n~..-...-.n-1-~m;_...,.,_;...,n 79 111.9 113 12.S 169 105 199 151 319 399 -r '-' • '"" "''-" "L'-V"'-'-'"'"''-''-'V" 

and Cementing 

41). r·1VR with Cementing Only 72 13 7 108 115 159 93 180 128 304 360 

s. Cementation 124 205 238 192 313 274 175 519 623 256 --
6. Arc Pyrolysis and Melting 63 126 91 103 139 70 175 81 264 361) 

- -- ----- --- - --
7. Sulfur-Bonded Graphite 106 21)3 142 185 186 134 316 181 320 667 

8. Highest-Quality Waste Form 107 209 116 215 110 129 408 164 115 908 

(a I Th~ best three alternatives for each set of weights are underlined. 
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APPENDIX A 

TREATMENT ALTERNATIVES FOR ANTICIPATED WASTE TYPES 

The authors considered a wide variety of treatment processes that could be 

applied to each of the waste types. Treatment process flow diagrams were pre­

pared for each of the major wastes types and are discussed in this section. 

Many of the potential treatment processes identified in the subsections helow 

have been demonstrated for TRUW and HAW treatment, and they appear to be tech­

nically possible. 

A.l HEPA FILTERS 

Recause the HEPA filters comprise the largest volumP of waste and consist 

of a composite of metal or wood, combustibles, and fiber glass media, they werp 

considered most extensively. Figure A.l shows the potential treatment alterna­

tives for HEPA filters. 

The first basic treatment choice is to treat the total filter or to sepa­

rate it into frames and glass media, or frames, glass media, and polyurethane 

sealant. For treating the total filters, the treatments are divided into no 

treatment, pretreatment, compaction, melting, and incineration plus grouting. 

Any pretreatment would be to prepare the filters for subsequent treatment. 

Shredded filters have also been treated by grouting or cementing. Compaction, 

a low-technology, mechanical process, can be used effectively on HEPA filters 

to reduce their volume because of their low initial bulk density. However, 

supercompaction or cryogenic cracking (which would require the filters to be 

cooled near liquid-nitrogen temperatures and then compacted) were also identi­

fied as possibilities. Melting by any of several different techniques was also 

considered, but is difficult because of the presence of the organics in the 

polyurethane and glass media. The organics (polyurethane or other sealants, 

binders, and wood) can be incinerated as a preparatory step for melting or 

other treatments. 
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CJGURE A. I. Potential Treatments for HEPA Filters 
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Several approaches were identified for the separation of the pleated fil­

tration glass media from the frames and these approaches have been grouped into 

mechanical, thermal, and chemical processes. The glass media can be removed 

mechanically by disassembling the filters or by punching out the glass media 

with a press. The media could be removed thermally by locally melting the 

sealant and/or media next to the frames. 

could supply the heat. The polyurethane 

A laser, plasma torch, or hot wire 

that bonds the media to the frames 

could be degraded by high temperatures, possibly by induction heating of the 

metal frames, or by extreme cold (cryogenic temperatures), which would make the 

polyurethane brittle and subject to fracture. Glasses can be heated by micro­

waves, which may make it possible to melt the fiberglass media from the frames. 

Concepts were also identified for the potential chemical destruction of the 

polyurethane or attack of the metal frames. However, these last treatment 

approaches would have the potential for generating large secondary waste 

streams. 

Once the filter media have been separated from the remainder of the frame, 

they can be treated by several methods including melting, pressing and sinter­

i~g. hot pressing, and cementing. Because the media are glass fiber, they 

could be consolidated by remelting. A variety of melting techniques is availa­

ble, including microwave, induction, and thermal radiation heat (in-can vitri­

fication). The media could also be mixed with other glass and melted by HLW 

vitrification technology. Experience with glass powders implies that the media 

could be consolidated at a moderate temperature (~00°C) by either pressing and 

sintering or hot pressing. Incorporation of the media into cement either 

directly or with pre-shredding has also been proposed. In the sPlection of the 

treatment method it should be remembered that the media typically contain about 

5 wt% of organics. 

The residual frames without the media can be treated directly, or the 

polyurethane can be separated from the frame. For the metal frames with poly­

urethane sealant, it may be possible to decontaminate them both together, 

destroy the polyurethane by incineration, or separate the polyurethane from the 

metal. It is considered unlikely that the residual fibrous media could be 

decontaminated directly, but no test results are available to support this 
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judgment. Methods considered for separation of the fraf'les frof'l the media were 

based on the concept of heating and softening cr melting the polyurethanP 

binder. If the polyurethane with the residual media can be removed from tl1e 

frame, the frame can be melted, decontaminated, or compacted to reduce the vol­

ume of waste. 

HEPA filters with wooden frames, typically used only to filter aeroso·s 

with low radiation levels, are generally CH, and could be treated by incint~ra­

tion, cementation, compaction, or acid digestion. 

These potential alternatives for treating HEPA filters cover a broad spec­

trum of methods. Recause all of them could not be considered in detail in t1is 

study, the collective engineering judgments of the authors were used to sel~ct 

the treatment steps to receive further consideration, as discussed in Sec-

tion 6,0, 

A.2 SPENT FUEL HARDWARE 

The conceptual design of the MRS facility involves a spent fuel hardwa,~~~ 

shredding system that is almost integral with the fuel rod consolidation sy;­

tem. Because of this, except for the heavy pie,:es, which are cut up withou': 

shredding, the as-generated waste form for the ·;pent fuel hardware was asstmed 

to be shredded in the spent fuel consolidation ~acility. Although shredding is 

not necessarily required for all subsequent tre<~tment methods, it does not 

eliminate any processing alternatives and provides a convenient form for hart­

dling. The spent fuel hardware is the second of the two major waste strean::. 

and is highly radioactive so it is RH. The majclr treatment alternatives, sftown 

in Figure A.2, include: 

• no further treatment except loading into disposal canisters; 

• compaction by conventional compactors (abott 1,000 psi), supercompac­

tion at pressures of about 10,000 psi, or ~at pressing~ 

• melting with or without alloying agents (either to lower the melting 

point or to increasP the chemical durability), or usinq a thermite 

reaction and the metallic waste's own pyro~horicity; 
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FIGURE A.2. Potential Treatments for Shredded Spent Fuel Hardware 

• incorporation of the shredded hardware into a matrix of cement, or 
sulfur-bonded graphite or other durable material; 

• decontamination to remove surface activity; and 

• oxidization of the metals followed by their treatment as oxides, by 

incorporating them into either a glass or an oxide ceramic. 

The compaction alternatives will provide significant volume reduction with 

minor improvements in final waste form quality. The melting alternatives will 

give the greatest volume reduction and greatly improve the waste form quality. 

The addition of other materials to form a more durable metal is also possible. 
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Melting will require high-temperature processing with the potential for vapori­

zation of some radionuclides. Matrix encapsulation will result in some volume 

increase but may provide some improvement in waste form properties. Deconta­

mination will not be effective because much of the activity, caused by neutron 

activation, is distributed throughout the metal and not just on its surface. 

Oxidation will require extra processing but may provide some volume reduction 

and stabilization of the materials, Oxidation nill also reduce the theoretical 

density of the waste form and increase its total mass and volume. 

A.3 FAILED EQUIPMENT 

In this study, failed equipment is considered to be metallic. Equipment 

such as electric motors, which also contain som1~ organics, are considered to be 

a mixed waste. The first choices for handling -~ailed equipment (see Fig-

ure A,3) are: 

• no further treatment except to package it as generated, 

• repair and reuse when possible (attractive because it reduces the 

waste quantities), and 

• prepare for further treatment (pretreatment.). 

Pretreatment, if selected, could include shredding or other size reduction 3nd 

segregation for specific treatments of the subclasses. Following pretreatment, 

the wastes could be compacted, melted, incorporcted into a matrix, or decon:am­

inated. The compaction, melting, and matrix formation treatments are similar 

to the spent fuel hardware alternatives discussEd previously. The decontamina­

tion alternative is frequently more attractive for failed equipment because 

failed equipment has only surface contamination and decontamination may reduce 

radioactivity levels sufficiently to allow for treatment as CH wastes or dis­

posal of the equipment as LLW. DRcontamination could he applied to the total 

piece of equipment or to selected sections of the failed equipment. 

A.4 COMBUSTIRLES 

Combustibles are generally a mixture of cellulose, plastics, and rub­

bers. Figure A.4 shows the various treatment al-~ernatives. As for all other 
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FIGURE A.3. Potential Treatment for Failed Equipment 

waste types, the simplest treatment is no treatment. Pretreatment is con­

sidered desirable for most treatment alternatives, and can consist of shredding 

and/or incineration. The major treatment alternatives following pretreatment 

are: 

• compaction by either conventional or supercompaction techniques (may 

include a "warm" pressing [e.g .• at 100 to 200°C] for the plastic 

materials to allow them to creep and avoid spring-back); 

• incineration to reduce the mass and eliminate combustibility; 

• acid digestion is (an alternative to incineration for some waste 

types but is not attractive for wastes with a high noncombustible or 

PVC content); 

• decontamination of some wastes where it would reduce the radioactiv­

ity levels of the TRUW to LLW and concentrate the activity into a 

much smaller volume for subsequent treatment; and 
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FIGURE A.4. Potential Treatment fa~ Combustible Wastes 

• incorporation of the wastes into a matrix ~;uch as cement or sulfur­

graphite either hefore or after incineration. 

11r.ed 

Treatment of the wastes by incineration, acid digestion, or decontamination 

results in a residue that must also be solidifiEd. Because the residues could 

be considered a ceramic, a variety of alternathes can be considered. The 1rost 

common methods would be cementation, melting, and vitrification. 
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A.5 MIXED COMBUSTIBLES AND PROCESS FILTERS 

~ Mixed combustibles and process filters are a combination of organics, met-

als, and oxides. They may simply be placed in a canister as generated or com­

bined with other wastes such as electrical motors or pumps. Because many of 

the waste form and treatment concerns about mixed combustibles are similar to 

those for HEPA filters, the potential treatment alternatives are similar. Fig­

ure A.S shows the various alternatives identified. The no-treatment and pre­

treatment alternatives are the first consideration. Pretreatments could be 

used to reduce the size of the waste pieces or to separate the organic mate­

rials from the remainder of the waste. Further treatments of mixed combustible 

wastes could include incorporation into a matrix, incineration, melting, and 

treatment of the separated metals, as discussed in Section A.3. The incorpora­

tion of the wastes into a matrix would modify the waste form performance char­

acteristics. Two possible matrices considered in this study are cement and 

sulfur-bonded graphite, but others are possible. If the wastes are inciner­

ated, the organic fraction would he driven off, and the residue could then be 

separated into metal and ash. The metals could be treated by the same proc­

esses as the failed equipment and the ash could be treated in the same manner 

as other ash from combustible wastes (see Section A.4). Direct melting would 

require a melter capable of handling all of the different materials. The Idaho 

National Engineering Laboratory (INEL) considered a slagging pyrolysis for such 

wastes but rejected it because of process difficulties (Tait 1983). An arc 

pyrolysis and melting system is proposed in this study and may have application 

for these wastes. Other melting systems, such as a plasma arc, may also be 

possible. 

A.6 RESINS 

Ion exchange resins are used to extract radioactive materials from process 

solutions and are usually designed to remove specific ions. The resins can he 

organic, inorganic, or a combination of the two, so treatment must consider 

this potential variability. The easiest treatments are to package them as 

as-generated resins or to simply dry them before packaging. Resins could be 

incorporated into a matrix such as cement or sulfur-bonded graphite, melted, or 
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FIGURE A.5. Potential Treatments for Mixed Combustibles and Process Filters 

pyrolyzed/incinerated. If the resins are totally inorganic, they could be den­

sified as ceramics by hot pressing (see Figure /1.6). 

A.7 SOLUTIONS AND SLUDGES 

Solutions and sludges result from the concentration of materials in liquid 

wastes and are generally inorganic. The alternatives identified for treating 
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solutions and sludg~s are shown in Figur~ A.?. The no-treatmPnt alternative is 

not viable because wastes will have to be solidified for transportation and 

probably for disposal. 8ecause of this, the only solutions and sludges at the 

central treatment facility are those generated within thP facility. The wastes 

could be dried by several techniques or cemented directly. If the wastes are 

dried. they could be given additional treatments to consolidate or immobilize 

them using compaction, melting, ceramic processing, or cementation. 

A.S CEMENT RURBLE 

Most cement rubble would come from the decontamination and decommissionin9 

of processing facilities other than the central treatment facility. No treat­

ment is a primary alternative for this waste, but t~e wastes could be reduced 
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FIGURE A.?. Potential Treatments for Soltltions and Sludges 

A .12 

• 

. 



.• 

in volume by supercompaction or melting. Cement rubble could be further immo­

bilized by incorporating it into a cement or other matrix, or possibly by cal­

cining and recementing it into a monolithic form. These alternatives are shown 

in Figure A.S. 

A.9 CEMENTED WASTES 

Cemented wastes would be received from other commercial facilities. No 

treatment is an attractive alternative for these wastes because cement is a 

reasonably good waste form. However, if additional treatment is necessary. it 

would probably start with the crushing of the cement to reduce the size of the 

waste form and to facilitate other processing. Two alternatives that identi­

fied additional processing are to: 1) melt the cement. which would dehydrate 

it and increase its density; and 2) first calcine the cement, then densify it 

using a ceramic process such as hot pressing. These alternatives are illus­

trated in Figure A.9. 

Cement 
Rubble 

No Treatment Melt 
Dehydrate and 

Recement 

Matrix 
Super 

Compact - Cement 
Other 

FIGURE A.B. Potential Treatments for Cement Rubble 
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APPENDIX B 

DETAILED COST ESTIMATES 

This appendix presents details of the treatment facility capital and oper­

ating costs. It also includes details on the transportation cost and disposal 

cost estimates. 

B.l TREATMENT FACILITY CAPITAL COSTS 

The facility capital costs were prepared separately for the RH and CH 

processes. The RH process costs are detailed in Table B.l. The major assump­

tions, noted in the table footnotes, include the assumption that the 

installation cost for the remote equipment, which include the costs for 

adaptation for remote radioactive operations, is equal to the cost of the 

equipment itself. The volumes of the cells were estimated based on the size of 

the process equipment and the needed volume around the process equipment to 

allow operation and maintenance activities within the cells. The basic hot 

cell costs were estimated at $5,300/m3 ($150/ft 3). An additional cost for 

galleries was included. The galleries were assumed to be two times the cell 

volume and were estimated to cost $880/m3 ($25/ft 3). Therefore, the total cost 

for cell and gallery is $7,!00/m3 ($200/ft 3) based on the hot-cell volume. 

Indirect costs for engineering (15%), overheads and fees (35%), contract 

administration (3%) and contingency (25%} totaled 78% of the direct costs and 

are added to get the total shown in the last column for each of the 

processes. The indirect costs are also totaled for each of the alternatives. 

The CH facility costs shown in Table B.2 were determined in the same man­

ner as the RH facility costs described above. The major differences were that 

installation costs were taken to be one-half of the equipment costs. and that 

the processing room and an equivalent volume of support area were each excepted 

to cost $880;m3 ($25/ft 3) of volume for a total cost of $1,800/m3 ($50/ft 3) of 
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TAilLE B.!. Remote-Handled Process Capital Costs (Common Support Areas Exc lruierJ) 

Ce 11 
Major Egui~ment Hot Cell 

EquipmPnt lnstall~t~on Vol~75i .!{ftJ(f:J) 
CP 11 +Ga 1 • Ill rert lnrli {~}t Total Costs 

Process Equipment K$ K$ ' ft K$ Costs c) Costs Kl 

AL TER.NATIVE l NO TREATMENT 
In-drum ce,nenting ln-rlrum n1ixer 350 350 2,400 '" 4RO 1, !RO 0. 78 ? • 100 
Oryi ny Ran<i heater 5 5 JrJ[l 200 All 10 1), 7H 12S 

Totals = ---rrs T,7ITIT ')40 pc;n ?,?.?'i 

AlTERNATIVE 2 MRS REFERENCE 
Compaction llrum co,npactor 14 14 4,000 2011 1)00 948 (). 71-l I, fiR 7 
In-drum cement i O'J ln-dru"l 1ni xer 350 350 ~ 2011 54() l, ?40 0. 7R ? • ?07 

Totals = = . 1,140 ~ Dll5 

AL TERNA Tl VE 3 - SUPERCOMPAC Tl ON 
Compaction Compactor 14 14 4,000 ?on tj()() 948 .J. ?\{ 1 'fi8 7 
Ury i ng Dryer 81) 80 l,JIJ(J 2110 ?fill 420 n. 7'l 148 
)upercompact ion Su pe rcornpa ct or 1 '400 1, 40ll ~.201) 200 1, 041) 3,fl40 ll. 7K h,fl35 

Totals T,554 1,554 lO' 500 2 ' liJI) 5, ?ilR g,zm 
~ . 

ALTC:RNATII/E 4 .1>1VK 'I'll rH tJEC,JN1Ar11NATIUN N 
Separa.t 1 on Syste1n Separator 21JU 21lll 4, SIJU 201) 'hl:J 1, 11)1) :) • liJ 2,314 
Sn redding Shredder 65 61) \,':J(JI) ?UII ]l)i) 430 I). 7 'l 7fi5 
];-~cJneration lnc1nera.tur 2110 21lLI ':>,2110 20U l '1)4(] 1 '41lll u. 7k 2,563 
dff-G~s Trcoo--1•~e·~t ,_LG T r"-~tprs ':!~IJ \lh!l c 7"'' ''"" ' ' "'' ·!.Iii -.,,411 "J" v > 'V'> '-"'' 1 ' )'">lJ ) , IJ'+I I 

Oeconta<~ination tleco11 System l1JIJ l()l) 2,2()1) ?Ill) 4tJ1 040 :1. no, 1. ng 
Oxide r1e1ti11~ Oxide Melter 1, oon I '1100 4, 5iJI) 200 llil{) 2' g()[} I), / !l 5' 1 fJ2 
r1et a 1 Melting ~1etal Melter flOU !-]I) I) S,2il:J 21)() l ,il41) ? , h4!l !) • !>l 4, l,qq 
Size Keduction Crusher 411 40 1,5110 2rl0 Jon 3~0 n. 111 !i I fi 

T ota.l s 3, 25:J 3,255 31.3011 G, 260 I!' 771) 22. 711 

1\LT!:RNAT!\if' 41',- ~·!VR WITH rJf:(;lmTA'11NATl,V'i l\rH) ~FI_T!NG 

s,~paration Systr>m Separator 2!)1_1 2011 il,'inn ?.:11/ cnn 1, '30(] !) • 7 8 2,314 
Sh redrii ng Shredrir>r GO fi'l l,'lilil znn 31lll tDfl 0. 7R 7 fi 1; 

Incineration Incinerdtor ?():) 21)1! 5,2011 ?no l' 04(1 1,4411 1). 7R ? , S6 ·~ 

l)ff-Gas Trr>atment 0-G Treaters il5fl 85rJ fi , I() ~l ?Jlrl l. Jjl) 1 '(]4(] n.m S,4ll 
Dec:JntClrn1nat ion llecon \j'Str'<1 ]1 )'I [i)IJ ?,2DO 2! )[) 4411 (1411 r).?i) 1, U':l 
tlddP ."1r>ltiny Dx,:lP '1,-.ltpr l 'llill; l ,•l(J() 4, 5111) ;;nn '-ill() ? , qnn fl. 7')., 5' [fi2 
Met, a 1 r1elt1rr~ 11etal ~-1" I t-R r sun fJ()() ~.201) 21)11 l,fl4() 2. fi4il I). 7W c,r;qq 

rot a l T;?T1l r,;; ]'i ~'r '),'Wi 12, jqn n ,1)54 
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TARLE R.I. ( contd) 

Cell 
Major Equipment Hot Cell 

Equipment Install~t,on Vol~151 _!Lft3(b) 
Cell+Gal. Oi rert Indi (~Jt Total Costs 

Process Equ i E_>ment K$ K$ a ft K$ Costs c) Costs Kl 

ALTERNATIVE 4B MVR WITH ~~ELTING tJNLY 
Separation System Separator 200 200 4, 500 200 900 1,300 o. 73 2,314 
Shredding Shredder 65 65 1,500 200 300 430 0. 78 165 
Incineration Incinerator 200 200 5,200 200 I. 040 1 '440 o. 78 2. 563 
Off-Gas Treatment 0-G Treaters 850 1350 6, 700 200 1,341] 3,040 o. 7R 5,411 
Oxide Melting Oxide Melter l, 000 1,000 4,500 200 YOO 2' 900 o. 78 5,162 
Metal Melting Metal Melter 800 ROO 5,:?00 200 1, 040 ? • 640 n. 7R 4, 1)99 

Totals DT5 T,ffi 27,600 5,1)?0 11,750 20,915 

ALTERNATIVE 4C - MVR WITH llECONTAMINATION ANil CEMENTING 
Separation System Separator 200 200 4, 500 200 goo 1,300 n. 78 2,314 
Shredding Shredder 65 6S 1,500 ?00 100 430 0. 78 105 
Incineration Incinerator 200 200 5,200 200 1, 040 1,440 o. 78 2,51i3 
Off-Gas Treatment 0-G Treaters 850 850 6, 700 ?.011 1,340 3,1140 o.m 5. 411 

~ . Decontamination lJecon System 100 100 2,200 200 440 640 11.78 1, 139 
w In-drum Cementing In-drum Mixer 350 350 2. 700 200 540 1, 240 o. 7R ;;>. 207 

Metal Melting Metal Melter 800 800 5. 200 200 l' 040 2,640 0. 7H 4,09\l 
Totals Db'5 2,"565 28,000 ,-;;my 10,730 19,09\) 

ALTERNATIVE 40 - 11VH WITH Ct:MENT!NG ONLY 
Separat; on System Separator 20(] 200 4,50(] 200 goo l, 300 0.7'l 2,314 
Shredding Shredder 65 65 1,500 200 300 430 0. 78 765 
Incineration Incinerator 20ll 200 5,2ll0 200 1' 040 1, 440 0. 78 2. 563 
Uff-Gas Treatment 0-G Treaters 850 R50 o, 7no 200 1,340 3. 040 11. 7R 5, 411 
In-drum Cementing In-drum ~-1i xer lOU 3:.0 2. 700 zoo 540 1, 240 o. 7>1 2,?07 
Metal Melting Metal Melter 800 800 5. 2ll0 200 1 '040 2,640 o. 7R 4,699 

Totals '2,465 ;;>' 465 25,800 5. 100 10' 090 l7. 960 

ALTERNATIVE 5- CEMENTATION 
Shredding Shredder 12[) 120 1,500 zno ][)1") 540 0.78 %1 
Grouting 2 l-IJ Grouters " 75 3,800 ?on /CO 910 1), 78 l '620 
CPment at ion In-Drum Mixer 350 350 3, 700 200 740 1, 440 0. 7H ?,503 

Totals 545 54C q,rmrr 1,800 Y,Tf1l1J ,.-m-



TARLE B.!. (contd) 

Ce 11 
Major Equipment Hot Cell 

Equipment Install?t)on Vol~r5} () Cell+Gal. Tlire?tl ln~i?d)t Total Costs 
Process E~ment K$ K$ a ft $;n 3 h K$ Costs c Costs K$ 

ALTERNATIVE 6 ARC PYROLYSIS AND MELTING 
Arc Melting Arc ~1elter 1,000 1,000 15,000 200 J,UOO 5,000 11.78 8,9()() 
Off-Gas Treatment 0-G Treaters 850 850 6, 700 200 1,340 3,1140 11.7R 'i,411 
Size Reduction Crusher 40 40 1,500 200 JO() 3Rn 11.7" 671) 

Totals l,R90 1,890 23,200 ~ 8,4?() 14,9HR 

ALTERNATIVE 1 lNTERMEll!AfE l)I.IAL!TY WASTE FORM 
Separation System Separator 200 201) 4,500 200 YOO 1,300 IJ. 78 2,314 
Shredding ShrF>dder 65 fi'i l,S!10 200 Jon 430 il.Jq 7fi5 
lncineratlon Inc1nerator 200 200 5,200 200 1,1)40 1,440 D.78 2,51i3 
Off-Gas Treatment 0-G Treaters Cl50 il50 6,70Tl 200 1,340 3,040 1].11-l, S,4ll 
Mixing/Grinding r1ixer/Grindr.>r SU 50 3,000 200 OllU /00 IJ,7'} 1,24Fi 
Pressing WarmPress 40 40 4,51)(1 ?:JO go11 qrJo 11.7:·1 1,744 
r1etal J1elting r1etal Melter SOU 800 5,200 ?.00 l,ll40 2 fi40 r).?.'l 4,fiYCJ 

~ Totals 2,205 2,205 30,600 ~ [1),530 18,143 

"" ALTERr1AT!Vl d HIGHE)T (.)UALITY WASTE FORM 
Separat1on Systern )eparator 200 200 4,51l0 200 'liJIJ 1,30() :1.7'~ 2,31.'1 
Shn:>dding ShrPrlder 65 65 1,500 2()1) JUIJ 4311 IJ. /,'1 765 
Incineration lnr-inPri!tnr ?(lr_1 ?r111 5,?00 ?!)() :,::~.') 1,440 "·''' r,:J'''' 
Off-Gas Treatrnent U-G Treaters H50 8511 6,700 201) 1,34D 3,040 11,111 S,411 
Mixing/Gnnd1ny 11ixer/Grinder 50 50 J,;J()O 2flrl l,rJU 700 1l.hl 1,246 
Calcining Calciner 100 100 1,500 200 300 500 1]. 7.'~ .'l'jl) 
Hot Pressiny 2 Hot Presses 1,700 1,700 7,':>00 200 l,':JOIJ 4,900 n.?S d,72?. 
Metal Mel tiny Metal '1elter 800 800 5,200 2011 1,1140 2,fi40 1), 7R 4,69q 
SizeReduct10n Crushers 4U 40 1,500 21l0 300 380 0.711 f17f) 

T0tals 4,00'J 4,005 36,13011 7,120 15,31il ?_7,287 

(a) Installation costs =
3

1.0 times equipment costs, which i'lcludes iHli!ptation to rer~0te radioactive or,ratinns. 
(b) Cell co3ts = $150/ft; gallery volume is 2.0 ti,nes the cell v0lumt> at $25/c'J ft; thll'; t0tal cPll + qilllery ens+_ is 

$200/ft of cell volume. 
(c) Direct costs= oquipment costs, in~tallatio'l cost, plus hot cell anrl gallf'ry costs. 
(d) Indirect costs =general overheads and fpe (35'£) plu~ contract arlministra•.ion (3-'() pl11' pnqinPPring (1"i'') for a 

suhtotal of s:r, uf direct costs, plus contingency of 2'J':', of clirect costs for a ~Jrr1nrl totill 0f f\l'" of rilrPct costs • 

• 
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TABLE B.2. CH Process Capital Costs (Common Support Areas Excluded) 

~Lif~~ATII'l l NO FlEAf~l~; 

:~o >'roce>>P,, 'I>~> RH Ce•nPntotlOn) 

ALTERNATiVE 2 M~', RfFERENCl 
Co<!lpd~t,on 

SlZP 

CemPntat 1 on 
Tot a I 1 

~LilRNATII't 

Compact 1 on 
Ory1og 
S1ze RPduction 

TatdiS 

llru., co"'partor /4 
Re,l•odion lllttor lj1) 
ln-Oru"ll ~~ xer 3'ill 

SIJ PO R CilM PACT I II~ 
Compactor 
Dry~." 

CJttPr 

"" 

AL!t~~AT!Vl 4- MAXIMUM VJL'.I~f REIJUCTlllN 
Separat1on Syste" Separator 11111 
Shreddlny Shred<ier ii5 
lncl~erdtlOn IncJnerat~r 211U 
Off-Ga; TreatmPnt 0-G Treatprs HOIJ 
OXlde Melt1ng Linde l~elter l,UUil 
S1ze Reduction Cr,sher+Cutter 911 

Total> "T,lO'> 

ALH~NA~l'I'E 

',hre.idln~ 

Size Reduction 
Cementa: 1 on 

Total' 

ALTER~ATlV£ 0 
Arc Melting 
Off-Gas TrPdtment 
<;;zo RooJlJCti~n 

Totals 

ALH~NATIVE 

S~paration Syst~m 
Shredding 
IncJneratJon 
Uft-Gas ~reatment 
Mixlng/GnndJng 
~routing 

Sile Ke~uc.tion 

Total~ 

- CE~ENiATIJN 

Shredder 
Cutter 
lo-Drum Mixer 

- ARC PNOLYSIS 
Arc ~eltPr 
0-G TrPater> 
C ru <; hP r+[,,t te r 

1211 
Oil 

''" ~20 

AND MELTING 
1,000 

0\0 
30 

T,'i4if 

l~TERM!:IIIAT£ 

SPparator 
Shrerlrier 
lncinerator 
0-G Treatprs 

UUAL lTY WAST~ 
100 

M1xer/Gn~der 
1-1) GroiJtpr 
Cut:er 

" 20IJ 
d5:1 

\0 

"' \J 
T;ll}J 

" JJ 
WJ 
4?'i 
ICC 
,; 

r,TTI 

FfJRI1 

'" ]; 

l<lll 
m 

" 

ALTE~~AT!Vt ~ 

Separation ~ystem 
Shredding 
Inclneri!tlon 
Oft-Gas lrl•i!tment 
Calc1ning 

-HIGHEST WUALITl 
Seporator 
Snrpdd~r 

inc,nerator 

iiASTt f'IWM 
l:IU 51) 

33 
lUU 
4?0 
\J 

'Oil Hot Pres>Jng 
M1 XJng/Grl ndl ny 
Si2e ~~Ouction 

Tot a Is 

11-G Treaters 
Calc1ner 
2 Hot PreS>es 
Mixer/Gnnder 
Cutter+Crusher 

ALTE~NAT!Vt 4A,'l,C,"I- ~AXIMIJM 

Se~dCatlon System Separatoc 

" :'UU 
~Oil 

1<10 
1, 5o:J 

"' "' C""' 
" " DR 

VOU'1t ~C~IJCTIIIN 

1110 'J'I 

? ')Ill) 
I , Sill~ 
J,Ofll) 

nm 

2' ?~~ 
3011 

1 ,SO' I 
-;r;nnw 

J,IJOil 
l' 50·J 
0' 2:)1) 
6 '(]1):1 
4' ouo 
3, 001) 

F,2(iij" 

l, Jllll 
I, 500 
3,000 
·~. h10 

l?' 1100 
li,OIIIl 
1,01l11 

~ 

3,11110 
1, 5nn 
s' ?00 
£,000 
? ,200 
1 '5110 
l '500 
~ 

j ,IIIli) 
l,'i:ll) 
3' 500 
0,1100 
l ,Hilll 

I' 0'10 
J, :Jf)l) 

3,11110 
?T,"1ijO 

3, :)•,)() 

"' S:l 
'ill 
60 

'" "' 60 

'" 

!Ill 

" l'i :1 

= 

1S;l 
h 

WI 
]I) I) 

?25 
_150 
l,'fi'lil 

.'~ 

" !51) 
3i1il 

"" 3110 
lOll 

T;1f'1lf 

1511 

i/0 
)1)11 

"' '" l'iol 
1511 

= 

01rpct Co,ts, 
~oom!l;ol.+L1P· 

• ln<tal 'n KS 

,, 

3rm 
tn 

"" 1 '575 
1,/h 

?.~~ 

"'"' 
2'l5 
1\C 
m 

T;TJRIT 

2' 100 
''57~ 

'"' ~ 
·ml 
In 
coo 

J,qs 
:~'i 

nl 
I SIJ 

1.~m 

3:lll 
U3 
4.'0 

l' 510 

'" ? '025 
22'J 
2H5 
~ 

Tnrtr r~ct c~,t~ 

J:ngg ,·1~~~ ,F~~. 
Cont1~,-

1. IR 

n.H 
l, IR 
0.1?. 

II, /.>1 
II. 7B 
0, IH 
o.m 
II. IR 
0. !A 

1], ~~ 
0. IR 
0, ~~ 

II.~~ 

n. 7R 
O. !R 

o. ~~ 
n, ~~ 
n, lA 
0. 7R 
0./.~ 

'I. ~~ 
o. )q 

0, )~ 
O.IH 
n. 7q 
'1. CR 
II, /H 
0, IR 
'l,IH 
II, 7q 

fi. 7H 

Ios~ollatJon cn't' ~ il.'i t1'n~s eq"ipru~nt co~:~. which 1ncl•,~es ra~1ooctive npPril'.i~ns 
Roa<n c~sts = $25/'t.l, qallHy v~l''""" 1.1 ~~~~s th<> r_pll VQirv.,e; th"'· tMol c~ll • ~dllPry c~,, il ~5~1n 1 of 
ce II vo lu""'. 

m 
207 

l '?il? 

"""' 

"' 307 

"' 2 .~04 
3,011 

'i07 
~ 

"' :!67 
l' 202 
1;9(7 

534 
3117 

"'' ? ,8114 

''" 241) 

"' """' 
"' 301 
H46 

? '~04 

"' 4,013 
Jot 

'"' ~ 

lnd~rect costo; ';Jeoer-ol overh"'~' dnd fep 135~! pi'J~ ronCrdCt (h) pl"1 Pnqloeering :1';•,1 for a suhtotal ~f ~3•. of 
jJrec~ costs, elu; a cont1ng~ncy l)f 2~• of riH~c.t C0>11 f'lr il qran~ t0te/ nf .'~f 0f 
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processing area. Direct costs are the sum of the equipment, installation, and 

the process room costs. The indirect costs arE• assessed at the same ratf> rts 

for the RH wastes. 

8,2 TREATMENT FACILITY OPERATING COSTS 

The derivation of the annual operating costs for the alternatives is shown 

in Table B.3. The annual costs are comprised of three major types of costs: 

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

assay, storage, and certification of the waste containers. Each of these :osts 

is grouped in a segment of Table B.3 and then totaled. Basic operating CO)ts 

are taken to be a fraction of the capital costs. The fraction was selecte: 

based on the degree of operator supervision required for the process. Simle 

processes such as cementing were taken to be 4~·, of the capital costs. Typi­

cally, 8% of the capital costs were used to estimate the annual operating 

costs. However, processes such as separation of wastes into components we'e 

taken as 10% of the capital costs. 

The details of the cost for each of the VC!rious sizes of canisters ar•? in 

Table B.3. Most of the canisters are stainless steel, but racks or packaging 

for the drums are taken to be mild steel. Thi5. cost is the most significa·-,t 

for the high volume waste forms. Optimization of the canister size was no~ 

considered in this study and should be considered further in additional 

analysis. 

The cost for assay and certification is a major function of the numbe~ of 

containers, whereas the cost for the four months of interim storage is 

directly related to the volume of the waste form. The storage cost was based 

on our cost for hot-cell space and associated ~;allery space with a 11% effi­

ciency of canister storage volume. This is necessary in part to allow suffi­

cient space for heat removal by flowing air and access by an overhead crane. 

B,3 TRANSPORTATION COSTS 

The transportation cost estimates are shown in Table R.4. The table "lists ... 

the can (canister or container) size, the number of cans per year, the capacity 

of the assumed shipping cask and cask shipping characteristics and costs. The 

B.6 
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TABLE B. 3. Annual 0perating Cnsts 

PrOCPSS Tot a I 
Proce<;<; Partial Ope rat i oq Ass~v. flr<or~t ing 
Capital Fract1on Cost Packd'J" 'lpw r.nnta1~rrs Rp~t<;;>r! CnntainPr'i sr_orar· co>rt; fy ['l<;t<; 

Process Cost, 1($ nf Cap/yr K5/yr flpscnption i!n./yr $/(~n Kt/yr - Cnntoln-Prslyr __ ~r __ 'C._!.J..!:._ 

ALTERNATIVE I NO rRE~TMfNT 

RH Canister1zing " O.OH " 20f!-L rlru'll, <;<; ? '1CJ3 1110 fi')J~ ~~4 l, ?Jq 
RH Dry1 n~ 115 O,Oil 10 2RO-L r.an, <;<; !l? Q,flll() ne 41 
RIJ Cementing 2, \Oil 0,04 U4 3000-L can, <;<; 41' 7' 110() ? ''133 ~rn 

5-pack rack, m<; 490 JOU 140 n 
Total RH 2;225 " 4,47if l,4M ) '1113 

CH Cao1steril1ng " O.IJR " 20R-L rlrum, <;<; 601 Jl)ll 7[)0 l ,fN? "" 103-L -irufll, <;S l?S 440 55 31 
6-pack rack, ,,,, 111 )()() 33 0 

Tot a I CH -u 280 4IT ISO 
Total RH + CH 2;225 94 ('/{;6 t:%fi ;;-RTo 

ALTERNATIVE 2 MRS REFE~ENC~ 

RH Compact 1 on l ,687 O.OH 135 2il8-L drum, <;S 3' 3 71 )flO l ,Oil ?H4 l.P.2R 
RH Cementing 2,207 U.U4 "' 5-p~ck rock, ,, 074 31)0 !0? n 

Total RH 3,13Y4 223 l,2T4 l,fl2fl 3, 2~4 

CH Cer~ent i ng l ,202 0.~4 '" ;>OH-L clr•Jm, 5S 1<'2 3(]() 211 134 314 
~ CH Compaction m ll. OH 31 6-pMk rock, 'llS !?I) 31)1) 36 " . 
~ CH Si ZG Reduct 1 on 167 il. HJ 21 

Total CH 1,862 106 ~ 114 Oil 
Tot a I Ri-l + Cll ~' 75fi 32q i,~4-ri<i ?;'iT? J;g_w 

ALTERNATIVE 3 SUP~RCOMPACllllN 

RH llrying 74H ,J,Ofl ~I] !21l0-l Cil~, ~<; pq q, I] I]() l,lhl ?!-14 >01 
RH Cornp~ct ion l, 61l7 II. IIH 111 S-DaC~ rack, "'' " 11Jrl 11 
RH Superco"'p~ct ion 6,!:!35 ll,Ok ~4/ 

Total RH q,nn w f, l?S ?ill ?,Pfi 

CH Compact ion 3~3 D.ml 31 I ?~:1-1 c~n. ss 4 I 'l,nnn 4?3 341 II 
CH Uryrng 4D 1},08 1 'i-pack: rack, '"~ 5i\ 1110 11 
CH 5i ze Reduct ron 2h I ll.lll 27 0 

Total CH 7mJ OT m Cj][ "" Total Rl-1 + CH 9,'9i7i !iiD i,'lifi f:)t; t)'1f, 



TABLE B o 3 o (contd) 

Prou~ss Total 
Process Partial Operating ~'i'iily, 11perilt i nq 
Cap1tal Fract 1 on Cost PackogP Nr>w tontal~Pr~ RP'l'iPrl CnntalnPr<; 5torar. ~Prtify r:o'it <; 

PrOCE'SS Cost, K$ of Cap/yr K!/yr OP<;cr1pt10n !!.2,/yr·-~/ciln K$/yr rnntoinPr>lyr ~-K_ /yr 

ALTE~NJ\TIVE 4- MAXIMUM WITH D£CIJ~TAMIMf!LlN 
RH Separation 2,314 IJ.l2 1J!', 201'.-L rlr11m, '" ?{,q '" 8! l m 
RH Shredding 760 o.rlfl 61 113-L can, ;; "' ~' 7111) \,fifi4 117 
RH Incineration 2' 563 0,10 ?56 
RH Off-Gas Treatment 5,411 O,Of\ R33 
RH IJecontamination I, 139 0.111 ll4 
RH Oxide Melting 5,162 O.Oil 4l1 
RH Metal Melting 4,699 IJ.Ofl ] 76 
RH Size Reriuct ion 676 o. 10 6H 

Tot a I RH = l, qqJ1 f;/45 1IT 4,()~4 

CH ':>eparat ion \34 1),12 04 20>l-L 1rlfro, '" !02 31)0 "' n 
CH Shredding lUI O.Ofl " 333-L can, " too 4, ,,)f) 781) " CH Incinerdt1on ~91 U.JO lUll 
Clf Jff-Gas Treat:nent 2,804 U.Oil ?24 
CH i.lx1de Melt1n~ J,Oli U.08 246 
CH Size fleduct 1 on 087 0,10 l 

Total CH .JL.EQ 7ll9 H?O " ~~-
Tot a I J<K + CH 3(),949 2;"/ii/ /;5ru· 'i·il 5,'i59 

~ 
0 ALTERNAT!I"E 4A MVH WITH LlECIHHAMI~ATlilN ANIJ MfLT!NG 

"' RH St>parat 100 2, 314 0. Ii' i'/8 ;'Oil-L rlrur~, LL'~ zr,~ Jl)l) Hl ,, m 
J<H ~hredding 765 11,1]8 6! 333-L can, " 272 4. /()1) 1,1% 1'6 
RH Incineration 2. 563 l),lll hh ?1111-L drrJinS, ~S H :mn ? / ,~1 l ~ ~ 
RH Oft-Gas Treatment 5,411 1),1111 RJJ 5-p~c< r~ck. '''~ " 1011 17 
RH llo>rnnt~mln~tic>n l, ! 3Q ~. !'.) ~ ! 4 
RH Oxide Melting 5, I 62 tl.Oil 4ll 
RH Meta I Melt1ng 4,699 0,08 370 

Total RH ~ D'IT T;"ii~ 1H 1, 71 q 

CH Seporat1on 53R n.t? ,,, ~~il-L rlrr111, I l_H LV WH 46 ' lH 
133-L c~n. " 5 4, 7:10 " l 
20il-L rlrrwt, " H _lllll H ']4 lH 
~-Dacl rilck, '"~ Jill JHH " " Total CH ~ ~ --niT T'f9 M 

Tota I Rll + Cl-1 2?,5!-ll J:g'c)c; (~4"-T'i iiY2 .J;"ii'R4 

• • 
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TABLE B. 3. (contd) 

,>r,)CPSS Tntill 
~rncess Part HI n1Jerat in~ ~~s~v, 0rpratinq 
Capitdl Fract11n Cost ~ackory• "'rw Cnnta1 oPr~ He,'Sed [,Jot~iners ~t0rat", CPrtlfy Costs 

P roc~? 2----~-- Cost, K$ ~'!.2!'.1!:.._ K$/yr llPscription N0./yr $/can k$/yr Cnot ~.Ti11•rs lyr_~ K /yr __ K~/yr 

AL lf~Ni\IIVL 4il - MVR WITH MELfiNI; l)~LY 

kH ~eparat 1 on 2,314 u. l ( 2hl U3-L Coln, SS 292 4, 700 l' 11? 146 
Rll Shreddln~ /6S D.O!J ol 2UH-L tmU'!'i, )) " 31JO n 2K~ w 
46 Incineration 2,~63 U.l:J ~~h ~-pacl rdCk., ros 51 31)0 11 
Ril Off-Gas Treatr'lent ~.411 U.DK 433 
KH LlxHie r~<elting ~. 162 U.IJH 413 
~H Metal Melt1ng 4,6~':1 u.u8 3/5 0 

Tot a I "" 2D;"TI4 D'TT ~ "" l, d94 

CH Separation 034 11.12 ''4 333-1 con, " lo 4, 701) 10 " 21lfl-L drum, ss " 31):) 56 ~14 114 
5-pack rack, 'lis Ill I 31111 12 " Tot a I CH --------s14 ----c4 .).0.~ Tii4 116 

Total R'l + CH zr:44!3 c;ARl I ,491 4~~ r;-1fm 
ALT£~NATIVE ~C MVtl WlTH DECJ~T~MtNAT!ilN MD CE'1E~'TING 

RH Separation 2,314 D. 12 ?le ?ll>l-1 nR' 111, u w ~?l JOC 121i c 211 
KH Shredding 765 0. 1)!\ 51 333-L c~~. ~~ 'II 4, /ill! l ,il?rl lll'l 
RH Jnc1neratio~ 2,503 ll.lil 206 ?OK-I. rlrwns, -;~ 1?~ ]:)() II' ?".4 35C 

"' RH Off-Gas Tr~atrnent 5,411 IJ.•Jil 431 5-rnc< rilck, rns ]4! 'Jill) 41 . 
~ KH Uecont~r"inatin~ l' 139 o. Jn 114 

RH Cementing 2,201 il.IJ4 '" RH Metal Melting 4,699 o.rJ!l H6 
r nt a l RCI ~ ~ L.1IT 675 1, 'i9H 

Cll Separation 534 11.1? "' 21J!J-L rlru'"• 1.1\.1 h? lOll "' ' 1H 
333-L can, " 5 4' lilil " I 
?118-L rlr""'• "~ 0 300 n 'd4 134 
6-pack rdck, 115 Jill 300 3? " Total CR 534 04 Ti'iT T'Jil 165 

Toto I RH + CH 19,&32 r:r;ro Clill iffi, 3;90 



TABLE R. 3. (contd I 

Process Tot a I 
Process Pact i~ I Ope rat i nq Assay, ()p~rar i ng 
Cap1tal Froct1on Cost Packaqe> ~Pw tCJntoinPrs ~PIJ'iP~ Cont n i ners _itora~P, Crr~- i ty Costs 

Process Cost, K$ of Cae/;tr K$/;F ,_llescrlp~ No. /yr- ~Icon dlyr --nn-roinPrs·l~ K /yr ~r 

ALTE~NAriVE 411- MV~ filTH CEMENT!Nr; O'~LY 

RH Separation 2, 314 0.12 "" 333-L tan, ss ne 4, /1)11 l '1l q ]['l 

RH Shredding 765 11.11'rl 61 ~08-1 ,j r•rms, s s 4()!1 3r,n 1?1 ?oi4 100 
R" Incineration 2' 563 0.111 2~(, 5-pac~ rack, o1s 13!1 'JI)() 4i 
RH Off-GdS TrPotment 5, 411 11.08 4 31 
RH Cementing 2,207 o.n4 HR 
RH Meta I Meltlny 4,699 il.IJP. 315 

Total '" ~ T;4W \,?'0 4~S "l, ?~il 

CH ~epardt ion 534 ll. 12 64 J33-L can, II 16 4' /llil 15 " 208-L drum, " n Jill) % Hl 114 
6-pnn< ran, ms II/ Jill) 11 n 

rotol c" 534 54 --ruT "' 331> 
Total RH + CH TIJ;493 r;56fi f,"J'gi) ~?·q f;·;r~ 

ALT!:~Ni\TJVE ~ CEMENTArlrlN 
RH Shreclclin~ ;61 (),Oil n ?IJ!J-L rlr,.•n, ;; J, Y6? lllrl 1' 1!-ll! !O.J 2' 1? l 
RH Grout T ~g I ,620 1), Ll4 65 ~-pack rack, '"" <46 )I) I) 250 

~ 
~~~ Cement at ion 2,~6J ll.ll4 lll3 . Tot a I "" ~ ?IT 84! 7, l?J 3, ~II 

~ 

0 CH Shreclc!Jn~ 454 U.1JH "' 21)Cl-L (fr·IJrTI, " 1, f)j ~ lilll _lih CH Jc\8 
C~ )lZP ~c>duCClnn ?bl II. )I) N 6-pack: r" c k:, ·o<; l ~·1 :mn 16 
C.~ Cement at Jon l, 21)2 11,114 46 

Tot a I c" -¥.~~~· ill j;l:) '" (nt T ~:; ~: n:: ' ' "'" '" c. ur; ?Sil 

ALTE~.~ATIVE ~ - .~RC l'YR·:lLYSJ\ ~~11 '·!FI 'I"•G 
Ref Arc MPitln~ 8, •liJU •J.UI •lql] Hl-1 c a~, s; l'JII l,/11:1 ; ',0_']' J•JS 
RH ilff-Ga<; TreatrnPnt 5,411 1).-'H ! JJ 
.~H S1 ze Reduct 1 0n 616 o. l:l ()A 

Toto: "'1 T4,"988 l,WT ~j w, '. ·11 .'1 

~1 lire Melt1ng .l, 13H 1),111 3/·l J'Jl-~ ColO, ., ?!"! 4, f')l) I ,:1•11 '' Cil Jff-r;as TrPatn,Pnt z ,8114 'l.lJ ?<ill 
I~H Size Re·1uctirm '>"d' J. ).; 51 C[ 

Tot a 1 ce -1.&_4} -----:ii'J l_,Jl"n_: " ~,l.:i'i 
Tot~ I ~H + rH 2?, r)36 /;.IY"i ", '-IH lilp" 'i' tl•l 

• 



"' . 
~ 
~ 

' 

rrocess 

Process 
Capital 
Cnst, K$ 

~artial 
Fraction 
of Cap/yr 

Proc"s' 
Operating 

Cost 
K$/yr 

ALT~KNA.T!VE 1 - JNTI:llMElliAE QUJ\LITY WASTE FORM 
HH SepMat ion 2,314 0.12 m 
RH Shreddin~ 765 n. OB 61 
RH Inc1neration 2,563 0.10 2~6 
kll 0ff-Gas Treatment 0' 411 O,Ud m 
~H 11rxrn~/Grindln~ l ,246 U.IO 125 
!lH PreSSing 1' 144 O.O>l I'D 
~H Metal Melting 4,69Y o.oe 316 

Total 00 1~ T;""668 

CH Separat 1 on '" u. 12 " CH Shredd1ng 307 O.IJ!J 25 
co Incineration "' IJ.l\J 100 
CH Jff-Gas Treatment 2,804 'l. UH 224 
(H Mlxing/Gnndiog 32J n. 111 33 
CH Grout 1 ny 241) O,IJ4 w 
CH Si 7e keduct ion 261 0.1~ " Total CH 5 4~~ "' Total RH • CH 24,;7211 z.-r~o 

~LE~NI\f!Vf" ~ Hl';HE>T •Jli~LITY \lAST'- ~11R'1 
·H '>~raratlQ~ 2.) 14 :1. 1! 27!-l 
.!:1 Snred~Tnq 765 c.rl~ 61 

"' lncineratl'l'1 ;> ,511.! o. lll ?~li 

RH Jtt-l;as Treatrnent ~.411 1), OH 413 
•lH MiX1~~/hnnd1oq 1 ,24fi 0,11) l?'i 
l<H Calcining >l91l 11,11H n 
RH Hot Pr-RS'>l~~ ~.1n IJ. :)H (,9~ 

KH M~tal 11elt1ng 4, ~yy 1).1)>) 316 
kH )lLP ~eduCt1•Jn 616 U.lU 66 

Tot a I ~I! ~ ;;m 

Crl '>~~arat1~n 514 .1. I! 64 
C-'r Jnrend1 nf_l 30? ll. f)~ 25 
r:H l~c 1 n~rat llln H'lb U.1U (\J 

Cll •Jff-Gos TrRa~rnPnt 2 ,Hil~ 1:·. UH 224 
CH L,J)LlfllrloJ 11:',' U.IJil .1, 
~H ~ot 11rcs•;ro<J 4,6/3 1), 0-~ "' CH M1x1ng•Gr1nd1n~ 4Jl 'J.lr: ~:J 

Cll )lee ke,mct'''" JIJ 7 u. j() ol 
rJt" 1 U' 10 49_<t ~% 

r;Jr-;:;> Tot ,,I 'H • LH 3 7' 780 

---... --~ 

TABLE R,J. 

Package 
nescription 

20~-L ~rums, >> 
333-L can, ss 
12RO-L can, <;<; 

5-pack rack, m<; 

2'lil-L drum, <;<; 

333-l can, ss 
12HO-L can, ;; 
li-pack rack, m~ 

)JJ-L can, ,, 

133-L ~a~, "' 

(contd) 

N~w Conta1~ers 

~ S!carl- dtyr 

0 301J 0 
2<5 4, 700 I, JS? 

53 9,000 '"6 
57 3011 17 

1 ,li55 

330 ll)\) 99 
18 4, 700 85 
6 9,0011 54 

113 3011 34 

6 
-----ziT 
(.'q'fri 

46 7 t' 7()0 /' ?JjY 

? • ;>~N 

121 4, 71111 1 , ~13 •I 

(~~ 
\ • S?'~ 

Re>u>er! Container> 
(nntainer<;/yr 

2'\4 

m 

' 

,, 

Fract•·JO of ;.1p1tol r,,,, /yr ,JS opprat 1'1~ C·J>: 1ncl11rfe> ?'-lvr "or npTt~l 1 'np ~n ,;e•'P n t_ o; ,~~ t'PI'I<ir-P'"'"nts. 

• 

~s>av' 
~tnra!"• C~rtify 

~ 

"' m 

" 

?n 

109 
5 

I" 
4!if 

?4~ 

2'14 

" 

55 ;:;,; 

>!Pr<;,:-r< cnnta1~pr<; drP ~h'l'>P rpcpJ·;r>·l fr•l"l <lutSlriP t,llP ~R\ fo~1l1:y tho• "'" ''' ve ~~ t rp,,tmP~· io thP '11J) fo~_111~v. 

Th~ ~-poe' ~ncl 6-,J,JC_, rack.o; ,,r~ h<J<;p;i nn ~hP tntal ?n4-L •lr·llliS 1~"v1n~ thP 'IRS faClilty. 

Tnt~l 

!lpPratin~ 

Costs 
K$/yr 

3' ~ 14 

~)~ 

(\.{-5 

4, n)J 

TCiV 
·'-··' li,,P-'1 
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~ 
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TARLE R.4. 

l,lternativP C,.n $1 ZP 
.~o, 

"". '"· IL\1 Lit. - 'JH.- >:_ , r:.: 
Cons I 
___r_c__ 

Tot•l kH 

Totdl CH 

·!rl 2:.Jq 
l ?flrl 
30illl 

CH /IJ8 

"' 
Total ~u • r.~ 

IOCIUdlO~ ;eurltj 

2 ~~ 2rl'l 
Cd 2liM 

:otal k~ • CH 
Jncludln<J SHJrlty 

; 

Ia! ,11 ~H 

TGtal CK 

'' i'IJH 
L!~U 

CH ?r)~ 

12Hil 

lata I ~K • CH 
'"'clunrorJ s~cuntv 

-1 Rl' 33 J 
[II 333 

lutdl Kll • CH 
ln<I•J<rl~~! ~Pr"r't'/ 

cH-LL>~ zuq 
Totdl Rll + CK + LLI 

" 
f1Jt a 1 ~rl 

"" "" 
2UH 
m 

CH 2(1~ 

Total Lrl 
Total ~H + CH 

lncludin~ security 

JJJ 

LH-LL~· 2UI:I 
Totdl Rll + CH + LLII 

" " " 
" " 

" ::'4 

" " 
" " 

12 
12 

"" 
" 12 

" " 

,, 
lH~ 

IHti 

'' v 

'" 30 

" :HO 

"' l gl) 

ceo 
l~ll 

" 
'" me 

;c 
l~U 

24 ' 36 

) ,4/1 
H? 

'" 
J,nd 

'" 

l ,6J5 
: ,<:,b 

"' 12C 

o~4 

" 

3'1·1 

'" 

"' 
,,,., 
212 

034 

• 

,,, 

Transportation Costs for RH, CH, and LIJ4 Containers 

c""' 1 
Ca>k 

"' 

" " 

?II 

••• 

211 

" ' 

,, 

"' 
,,, 
' 

" " 

"' 

Ca o;< 
Cao;<o;i ~av'' 

______1'_!: yr ·- ---

12 J ,q 
?I). s 

i 1 ~. rl 
'ifil.4 

~8.q 

3,0 

= 
i'l? .H 
34.'! 

211:6 

a.1 
'32. 3 
~,'1 

l s .4 
~.J 

23. ~ 
%,0 

19,3 
11. n 
sn.' 

fl. ·l 

14. ~ 
30.2 

"'-' 
14 .il 
u. 3 

.ll.d. sq. 6 

6,() 

) 'qJ'J 
4fi~ 

9, 5')1 
~ 

l' ]]11 

" T;m 

4' 181 
i.J'! 

4 ,-g·qz 

~2·1 

! 3~ 
DS>l 

3'JZ 
!Rq 

5lT 
1,790 

qf)~ 

75? 
(~J<i? 

.!h 
fi92 

DIT7 

34:1 

" .. N 
1, 364 

.,, 
"' 

( "''' 
'!.4 
!.~ 

1? .:J 
41:7: 

1. / 
1),1 

D 

Li,l 
; . I 
iT.-~ 

CJ 

'·" D 

Co-;1< 
(op it a l 

" 
?? ,onn 

'i,l)li'l 

~:.'2.Qi 
:Ill ~Sill) 

3' ?!Ill 
Hill I 

rci~iq 

lo, I) Oil 
L,_4JI_LI_ 

3 I' 411(1 

~.111)11 

I ,dll!l 
~lil 

1.2 l,'iOII 
:J,Ii ROll 

L~'l Z2TI'J: 
r, .ri ; ~ '~~~~~ 

1 . .'1 

u." 
f;"o' 

1. snn 
ql)ll 

.'r;-H1' 

l. l ~- llj)IJ 

? . l 1 .~on 
TI ~ 

I, I l,fllll 
0,11 H:Jil 
TI _J.J.ili!. 
4.0 J4,q(ll) 

'loi~t. '>hl~~·:'l 
KS.'y_:_ v,_:.L:__ 

. ]?5 
'')~I) 

4 ()r)l) 

<3/'l 

\-').'] 

'" '" --~;75!' 

l , /Sri 
2h 

C,'<i,fi_;' 

?')() 

.ll'l 
ii"'l 

1511 

" '515 
.-fc.fi 

II'> 

·"· 
fo~·l 

hll 
.115 

"" 
l',il 

" m 
8511 

'l '4 1·1 
9()0 

IR, S?rl 
~ 

OOH 

" -7IT'5 
2<;YnS 
2b, 33 I 

R,rli~ 

411) 
A;oTr-;· 
~. n4 

1 .nnl 
1,4?'> 
T,1'2'l 

?'II 

'" TIH 
?,·;-n 
/ ,r-;?q 

l,IN 
P" 

r:!i~7 
I, 9~ / 

4-10 

h2q 
1 , nr, 
T,ID 

?11'1 

' 
~ 
z.? 32 

'"" 

lit~tlmP c~-;11, K~ 

(<1,0 it< I "" nt. 

45 ,:)1)11 
1rl,llllll 

1~11 11110 
~1101 

li,-11111 
1 ,,;nr:--""" ;rcrf:T:R 

!fl,llfl:; 

4 "~·· -'-'-- ;· ~ 
;4,>1-'11] 

l :~ ,I II I I 

~?·:~.~~ ,..,, ' 

J, ?Ill) 

I , h1Jn 

_"f'~~~ 
?Y, "-no 

1~,1\il" 

-~.!".:.'."1 
'h ,h(l•) 

j II, ,](1,1 
'0,1)1)11 

~ 

l, znn 
1,61)0 
4 HO(], 
(O,f\~0 

?'i .?> '· 
5' "?S 

.n~~~~:i 
li' gq:) 
l, 14'1 

__ i!,J11 
I ll, q 75 

4()' ll'l 
_?.,,]})_ 
40,11]q 

o . .-P·, 
.'!,nR 
~i';J 

',49~ 
l i4R 

_?_~7_:1_.3 
l -~. ~1'. 

.-1,/H 

_!_,_;:;~.; 
I •I ,4",'• 

~. R25 
H, .'311 

p--,--y;-r 

1, ~Y5 
l' 1411 

_5,2'1]_ 
l 9' ilil'i 

.. S~irp1ng 

SOiJli"~<l '~~o1n1. 

PI ,'l~~ 
7). l!? 

43! '511 
;mr;T"~? 

1 s. lin 

J.Wl~ 
~q~. 59~ 

'>I 'l,szn 

~ ,1H , 21) I 

~rl_,1_'l_L 
1 yq. 1 s~ 
)1)4' 91'4 

;:, ,37.1 
ll,ZLl 
O'i, 5~1 

4 ,R lll 

? '5119 
_7_.,__£.1~ 
n4, n 1n 
"'' ,977 

4'1, 50,1 
l 4 'i < 

ff!itri 
lS, 241 

11, J?a 

l4,1i?~ 

·n, PS 
4~' ;.jq 

4, 65fi 
IO'i 

4 .1£Q 
5n, sog 
5? ,lliJZ 

II ,324 

I 'i l, lr, l 
?li,~l/ 

S?4,ill 
llts, 419 

?? 'l?6 
? ,!l3 i 

J.iJ..9. 
130,513 
141, H'l 

?i'H,Q!\? 
1 h I 93 

1f¢2TI 
ZS<i,Y?/ 

21,?:1\ 
41 , QSII 

n-:-m 
H, ]7~ 

4 'll 

v.~0..:: 
~3, .Y 1 'l 
'•'i, /l? 

4Q' >.l'J 

_':, .. ./!!.'! 
'14.H'i 

""· 13? 

1 l' l/4 

7•1,449 
39 ,;Jn2 

= 
H,l~l 

l, 802 

= w:JI4 
II ,Rill 

ll ,324 

• 

T n! o I 

!91!, 761 
lh' 9'li 

~114, Ill 
Vi'f;47'i9 

<~.1n 
4' 43 7 

H, 'il ~3.~ 
') 111,495 

3!h,H3J 
_J;'I 99 _l 

3!9,915 
lh,l?? 

39 ,?1)] 
'J6, gsn 
#;-TTI 

i l,'J?J 

"' 931 

~-h? 
II 0, 53? 

f.4, 74'• 
'!_,_f::fl!)_ 

il !)~<, 

1?: l\? 

lLJ1._4 
111,~56' 

10,449 
04,R6? 
ii5:TIT 

II, 351 
3, 45? 

14 803 
lOU, 114 
IOI,fiOI 

...l1......lli. 
112' q3l 
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TARLE R.4. (contrl) 

"~- Cask Co Ca~k LlfPtl""' Cnsts, K$ 
~HPrnat 1 v~ c~. Can Si7e Cans/ Cans I c"''' llays 1 oC Capital '1a 1 nt. ~~ippHI<J -- ---····---~ oq 

'"· LLW L 1 t. Oi~_. x L, in, --"--- Cask ___1!_~ ______1_!_ I<'2.~ " !'~ -~-'\_1.1..':.___ ~-!;_~ ~ Shippi~g ~nt._ Tot a I 

'" '~ ?:JH " . " 2H4 '" 14.? 320 1.1 5,000 2'ill ~71\ [:1,000 '>.~h 14' ~24 ?0,44q 30,44q 

"' m 1< we '"' ' 32.4 ;<) 2. 5 7' 500 3 ·'5 l '~34 l'i,Oilll 'l, 731\ 33,41l 4<'' 151 57' 151 
] oCd i ~!I ~ T,1'ihi'f = ~ ""' T.IT'7 ~ JT,"Wl" ~ fR--;r;Tiii ~ 

'" 2iJH " " 5l4 30 14. g "" 1.1 1,600 ]'ill 2UIJ 3, ?Oil 3. 4g5 4,656 M, 101 1 \ '351 
333 J! X )~I) 1> 1; u " "· 1 

1\IIIJ " 1< 1 ,liOcl l' 14tl m ~.8R2 3, 602 
Total CH g-? 3il4 t.;: z 4oo 22"5" m 4 1:)110 nn _i..W.. !.Q.,133 T5.01J 
To~a I RH t CH _, J J;t"l? u 14' qq() liS:l ',ri6 zg, i:JOO r:<~os "1' 0?1\ 7? ,A3'J 102 :t!J 

1nclud1ny secur1ty ? '343 'i4,595 74,400 104' 201) 

" "" zue 2' • " 1!2 1C J"·" m 2. I 7' 5:10 31" I. 514 1~.non ~- 138 36,6<13 4S,401 fJil, 4'11 

"~ JJJ l2 ' 180 :>11 J ?4' 1 '" 1.3 'i,OOO 200 1,066 lll,OOO ~.R2'i ?4,R31 J0,6~1i 41), 656 
Total RH ~9.1 I, 367 Q; !? , son ill ? ,li3g ?S,OOO ~ ~~ ,494 711,05) ~ 

CJ ?ilfl '' 30 S14 lC H,il J4CI 1.1 1,6011 l'i'l O'l 3' 2(1•) J,49S 4' 656 ~. \ 'Jl II '351 
w 1? x !flO 1\ O.J J 11,0 coo 3\ ' l,liOO l, 14K 106 1, K'J2 3' 452 

Total CH J.i,1, ----m- R: .1..!.0.2 "' ----,.- 4 ilOfl ..5...?...4...1 1. no 1!1..®.1 ""TDliT 
Total RK + CH 14. g T;""fli u 14, ~nn ~ ? ,RH ?Q,HOO ]q,Rf)S M~,(5'j H~,01ill ~ 

inclllrtio•J security ? • Q?r, lifl,l% "I,~QI 111' 791 

CH-llW 208 "' Jl. m JJ 6,0 4illi -- ll '3:>4 II , 1?4 11 V4 
~ 

ToUT ~H CH + LLW 12Q,llS . 
~ '" J~ 208 " . 30 w '<1 34.6 m 2 ,li I, 01111 m 1, 52g ts,ono 8,7?:1 35,663 44, 3 7 I 5Q,Jil 
w J~ ))J u 1eo 238 9 ?li .4 605 J ,0 5,0011 "" 1, toq iO,OOO 5 ,ll?'i g-~~j 33' ~'ig 43,059 

Totdl ~H l3Dr T,"1'l7 T.T TT,"I"ITIT = U<l! ~ = "1T,"rn" wr.m 
CJ 20d " J> ~34 Jl. \4.!\ 3411 1.1 l ,600 !Sil "" 3, :>no "l,4g'J 4, li56 ~.lSI 11' }51 

m 12 ' 1HO ll. 1; 1,1 " 0,1 800 , lJ 1,600 1, 748 m ?,0R2 J,~!l2 
Iota! CH 15.9 1H = ? ,400 """ m .J...B.Q.tl '-""' 4 991 10,23] 15 on 
Total RH + (lj )6_g r:m 5."'i" 14, qoo ~;c ?;<fi? ?q,Roo ~ 51 ,85/l A I ,61i3 Ill ,41il 
l~CIUdlng 'ecurTty ;>,q9) 69' K'lR qq,64J 119,443 

'' 208 " ' J> 4' 2~6 '" :>12.3 4 'ilbll lli.? 42,5011 ;> ' l:>'J g' 3ll4 85,000 H,5n 21 A, ()39 ne,h< 353,152 
c~ 20H " 30 l,~'JO 30 

2~u 
_ _9.'22. _w, ~1.!.12 JllO ceo ..2....!f!.!2 ~ ~ ..J..Il.~ 26,904 

~Otd I R~ + CH 5' 84'i 19.5 45, /1)0 ?;4?"5 9;g64 'l] ,400 '503 ?32,151 ?RR,Ii51i 3RO,O'J6 
1nclud1ng secuc1ty 10,252 ?3!l,865 295, 31iP. 18()' 16/l 
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TABLE 8.4. (contrl) 

'"· Cask '" Cask LileUme Co~t~. K! 
Alterndtl"e co, Can S!le Cans I Cans! Casks/ Uays/ M Capita I Mai nt . >nipping 

No. '" Lit, D; a, l, in:· _)"__ Cask --1.!:_ --.--1!'_ I~ " ~ K$/yr Caritol ~ S->nppin<J 

, 
'" m " Jill) Jql) 0 43,3 '" 3. J lil,l)ill) 500 l' g 1" ?il, llllO ll ,6'i~ q,fi?) 
Ch' 333 u '"" 213 " .l.i:.l 320 h!. -L..£.22 '" "' 3 200 3 49S 4 451 

T o~ol ~H + CH 57.5 l ,317 '-' II ,61)1) 65ri 2;Jiil z371fri c~ 4<·101" 
lncltli!ln<J >ecurlty 2' 169 ~8,53? 

"" 2118 24 X 3' ?H4 m 14,2 32'J !.! s,oo~ 2511 liZ-~ ]O,I)I]r, "' ~25 l ~' 024 
m " IJ>II '" 0 21.2 h23 

'· l 
7' 500 '" l' ?~3 h,non M, I J~ ?.'1,:)J5 

I 2Mil " !All " ' 11.5 300 u 2 ' 'illQ P5 "' ~ non _<:._ill ll 9')3 
54. g \;"251 T5'ii ?;4?51 --'-'-'-

Tntal IIH 15,0110 1!),01)1) ]I ,415 "~' 'i~2 
Cf.' 211~ " 36 iilfi " IH,8 .j]') '·' l,liOO '" ~., 1 1, ;>rJn 3' 4~'1 s.~q4 

m " 1~·1 ll " 1.2 n 0, l ""' " to 1 .~~n I, 74~ 311 
12~1) " L·W ' ' L5 " C, l i~tiHIPrl wit,O ~U"'hPr< lo P"l~r r•>w 

~utal Gl 21.5 m J.T, ~~~ no ~ -niM ?-HH ,; 711 
Total ~" + C1l 16.4 l-;-1/lq ~ ·ri': ?·:r;v i(in··:· r~i~Rfi 

1nclud1n~ SPCIJrlty ?, 171! ~4, I) r: 

' '" w p l'l•l ,, ' ' 54,1 1,239 
'' l 

l?' Jll-1 h1J 7' ]->? ?S,•Hlll :~, S'i 1 '•S,Il/ 

"' m u J~l) at " l4.,.,l 337 l.l L£.Q.1l 1 Sil '" 3 2111) 3 ~9S 4 67-1 
~C::'ii ~-:-3 71~ ~S9:> 2il~},fi 

__ .,...,. .. 
1\".ijtl Total ~~ • C1• 5A.A 14, )/)1) 1 ,, , ns•1 

lOCI·Jdin~ 'f'Cilnty 2' lilih ";,I I 'i 

~II 'd-1-1•.~• '"'•""C'ri' .. S O:'P Jr, liiU·t '-'"'' 1n ';-C•l" ,•,vtJ>.dt~~ I_ 0 Ql'l>", Ci1-"T~IIJ i< <hlpp~<i 10 <' Plll'~;.f\ per c,111 Qr. 
f~U',/ li'l~"PN c:>Stl ore ""''"I o~ IJI)C:'~),'.-)>110, .,.,,,,_,, (, o1p~<'n•llX F; LL',/ cn<,t' ar~ hd"f'~ no ['NC-Ct)G~. wl'.o C1Sfl "\Cli,1te•l r,n .·H'J. 
Can<'r.as>. or [tl,II'M.I Jr~ 0"'"'' ~r""Mll) on JJE I~,J-:J~h, nor-CUM< •1rurfl<;ilkJPACT ar,. PSI.llllil~e1 hy t>w a~thnr;, 
S'l~,ll~r-t;;yr·- .-_,1n<;,1yr .J1•1·1~r1 ''Y c;os I"'''· 
C.J" clol'IS';r = shljWl0'lt'\/vr ''"''"• n ... ~·•, ,,_•r 11•1·_1-1"'-ci•J]c, 1'"1'1~1' 7, -\r;~~cfl< ',for 0'1('-~dy '''~- 2•1·"1 "lr]p,, 
·~u--ner of •:1Sk< •:il,k nay,:yr -~ >' o1el !•J 1::11 .11y,iyr ''~~rdtl~n. 

C.'"·'· '~": --.c· ·._.- .,• ""' ,_,,,,,._;,., , 1,.,,,, VJ "edr~<r ~"'"~ """'""''! tlmP< 1~ :>.~ p0r •o•l c"k .<roi '-'' ·:."i<!I.'P~IT, 
':"'" '""ntc·rrorrcp cn>r '"""~Pr nf co>ks:yr :i-ow. '-~ n.l7'>'yr: hr· TI!I 10 ~.CT t"e f"ct~r "~~ <l,•i?'>'vr. 
Ka1! cask c'11pp•n,1 c:~st>- 4-l.i r_-~p, ''"i-'"Pots•,~r 'or ?:)11() •niles PJcO ~w. for TKirf'~.C~ ro,• 1ac'0" i< )J.-11, 
L•fP\1'"' (lJl~al c.-1s:1 d''"""" ~"kiPI~AfT llfP" l'• _yeor': tO"\, ~1ch c~ski'R~P~(.T i• rPplMr•-i nrc•• ln r_hP foClllt'l '•feti--.,P, 
Llf~•-,,,. "'d''·\en"oc~ """ ,l-ip 11 1 'I c,,., ,,.,_. d.J .to~li'~J ~oPriltln<j yParsl tlmP; t~e ann11al c-J'.t;, 

LL'-1 ,rl,J.•In-; '-'"t' ore S2.'J').'·Il e 'or '.he )1111 -TlP< a>~u·npoi, per PNL-4<lM. 
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lifetime costs shown in the table are estimated from the annual costs. The 

major assumptions and basis of the calculations are shown as footnotes in the 

table • 

B.4 DISPOSAL COSTS 

The disposal costs were estimated from an equation fit to a previous set 

of data (Ross et al. 1985). Several different equations were tested and the 

one found best was: 

costs = a~+ b(vol) 

The form of the equation is appropriate because at low volumes the costs 

increase rapidly due to the predominance of capital and fixed costs, whereas at 

high volumes, the costs should be near linear with waste volume as costs become 

more controlled by operations. The a and b parameters determined from the 

regression analysis were respectively 8.16 x 106 and 1.54 x 103 for RH waste, 

and 2.13 x 106 and -1.32 x 104 for the CH wastes when the volumes are expressed 

in cubic meters for 70,000 MTU. These costs were thPn escalated to 1985 dol­

lars by a factor of 1.042, 
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