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ABSTRACT 

This document provides a comparison of six treatment options for transur­

anic wastes (TRUW) resulting from the reprocessing of commercial spent fuel. 

Projected transuranic waste streams from the Rarnwell Nuclear Fuel Plant 

(RNFP), the reference fuf!l reprocessing plant in this report, were grouped into 

the five categories of hulls and hardware, failed equipment, filters, flouri­

nator solids, and general process trash (GPT) and sample anrl analytical cell 

(SAC) wastes. 

Six potential treatment options were selected for the five categories of 

waste. These options represent six hasic treat!Tlent ohjectives: 1) no 

treatment, 2) minimum treatment (compaction), 1) minimum number of processes 

and prorlucts (cementing or grouting), 4) maximum volume rerluction without 

decontamination (melting, incinerating, hot pressing), 5) maximum volume 

rerluction with rlecontamination (decontamination, treatment of resirlues), and 

n) noncombustible w~ste forms (melting, incinerating, cementing). Schemes for 

treatment of each waste type were selected anrl rleveloperl for each treatment 

option anrl each type of waste. Frol'l these schel'les, transuranic waste volumes 

were found to vary from 1 m3/t1TIJ for no treatment to as low as 0.02 m3/t1TIJ. 

Raserl on conceptual rlesign requirements, life-cycle costs were estimaterl 

for treatment plus on-site storage, transportation, anrl rlisposal of hath high­

level anrl transuranic wastes (and incremental low-level wastes) from 

70,000 t1TU. For all treatment cases (Options 2 through n), the adrlitional 

costs for treatment were more than compensated for hy the rerlucerl cost of 

transportation anrl rlisposal in amounts ranging from ~n.l hillion to ~1.7 bil­

lion (in 1QR3 unrliscounterl rlollars). 

The study conclurles that extensive treatment is warranterl from hoth cost 

and waste form characteristics consirlerations, anrl that the characteristics of 

most of the processing systems used are acceptable. The study recommends that 

additional combinations of treatment methorls or strategies he evaluaterl anrl 

that in the interim, melting, incineration, anrl cementing he further developed 
for commercial TRUW. 
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1.0 JNTROOUCTJON 

Transuranic waste (TRlJW) will be generated during the spent fuel repro­

cessing and fuel refabrication steps of the nuclear fuel cycle, in which 

fissionable uranium and plutonium are recovered and recycled for beneficial 

use. Transuranic wastes can also be generated in the handling and storage of 
spent fuel, particularly if any of the fuel cladding is failed. [)efense 

activities in the processing of plutoniur1 for weapons have generated TRU wastes 

as well. 

Transuranic waste consists of unusable material conta~inated with trans­

uranic radionuclides in concentrations greater than 100 nCi/g of waste. Trans­

uranic waste can originate in a wide variety of forms. Original commercial 

TRUW forr'1S can include failed equipment, fuel cladding and hardware, ventila­

tion filters, process solids, and general process and laboratory operational 

scrap (which includes paper, rags, wood, glass, metals, plastics, and 

ceramics).(a) The final type of disposal of co~mercial TRU wastes has not been 

determined, but it is expected to be deep geologic disposal with commercial 

HLW. In this case the TRU wastes, plus the other engineered barriers in the 

repository, may be required to meet the li.S. Nuclear Regulatory Commission 

(NRC) requirement for control of the annual fractional release rate of 

radionuclides to less than 10-5• It is likely that most of the wastes will 

need some type of treatment to meet this limit. Tests of the selected products 

will be needed to confirm their acceptability. 

Because of the possible need for a number of treatment processes for the 
wide variety of original TRlJW forl'ls, it is appropriate to study the potential 
treatment strategies and their impacts on the waste management system. Fuel 

reprocessing will generate TRUW that includes the full range of original waste 

forms. These wastes will also have a broad range of beta-gaMma radioactivity 

levels, which will require that significant amounts be shielded and remotely 

handled. Mixed oxide (MOX) fuel refabrication will generate TRUW with a nuch 

(a) Original TRUW forms can also include organic and inorganic liquids, and 
process sludges, but these are assumed in this study to be intermediate­
level wastes. 
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narrower range of forms and with generally little heta-ga~a rarlioactivity 

content. It was thus believed that an analysis of potential waste treat~ent 

strategies for TRlJW from fuel reprocessing of spe'lt fuel would he hroad enough 

to cover moc;t of the waste management concerns for hath fuel cycle steps. 

The sturly rlocumenterl in this report was perfJrmerl for the lJ.S. nepartment 

of Energy (nnE) as part of the NuclPar Waste Trf'>atment Program (NWTP) heinq 

conducted by the Pacific Northwest laboratory (PN_), The sturly was also con­

rlucted in collaboration with related work hf'>ing orrierl out for nnE's Office of 

Civilian Radioactive \~aste ~1anagement (OCRW~1) in the \~aste t1anagement Systems 

Studies at PNL U1cKee et al. 1984). The ohjectiv,~ of this sturly is to provirle 

analyses of various TRUW treatment options at a f Jel reprocessing plant and the 

cost impacts of these options on the total waste ~anagement system. Six 

options with differing fundamental objectives wer2 studied. Tl'le results of the 

sturly will provide nnE with a hasis for rlecisions concerning the scope, 

schedule, and hudget for the transuranic waste stJdies of the Nuclear Haste 

Treatment Progra~. This sturly represents the first step in the rlevelopment of 

an i ntegraterl TRUW treatment technology (rli scusse::! in Section 3). 

This report is rlivirlerl into 10 sections. Section ~ is a summary of the 

results anrl conclusions. ~ection 3 rlescrihes the plans for development of 

overall TRlJW treatment technology anrl the approach for this sturly, anrl 

Section 4 provirles the overall hases for the sturl.y. The characterization of 

TR\JW streams is given in Section 5. Section n presents the rlefinition of the 

six basic treatment options evaluaterl, the logic for their rlerivation, and 

initial screening. Section 7 presents thP detailed process descriptions of the 

six hasic treatment options, and Section R presents an evaluation of waste man­

agement costs. An overall evaluation anrl a co~parison of results are given in 

Section q, and conclusions anrl recommendations are provirled in Section 10. 

References anrl supporting appenrlixes follow. 
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2,0 SUtiMARY 

Transuranic waste (TRUW) treatment strategies have been prepared based on 

the treatment, transportation, anrl disposal of high-level waste (HLI~) anrl TRU~J 

from a reference reprocessing plant. The Rarnwell Nuclear Fuel Plant (BNFP) 

was the reference facility selected for this study. The potential waste 

streams from this facility have been well characterized and reviewed previously 

(narr lqR3). The streams were grouped into the five categories of hulls and 

hardware, failed equipment, filters, fluorinator solids, and general process 

trash (GPT) plus salllple and analytical cell (SAC) wastes. These wastes are 

composed of a wide variety of materials including metal, cellulose, plastics, 

and rubber. 

Six potential treatment options, including the option of no treatment, 

were selected for the five categories of waste and are summarized in Tahle 2.1. 

These options were selected to represent different objectives and potential 

~ethods for ohtaining them. Reducing waste volumes was found in all cases to 

reduce waste management system costs. Several of the options consider dif­

ferent ways to reduce waste volumes (e.g., compactio~. incineration, ~elting, 

and decontamination). The ability of each of the options to reduce the volume 

of waste is shown in Table 2.2. The options demonstrate that it is possible to 

reduce the TRUH volumes hy a factor greater than 10, using selected processing 

methods. A? shown, Option 5 (decontamination) includes the incorporation of 

some TRUW into the HLW stream and the removal of TRlJ contamination to convert 

some TRUW to low-level waste (LLW). necontamination has the potential to 

provide the greatest reduction in the volumes of TRUW plus HLW, hut it also 

generates a large volume of LLW. 

Since some of the TRUW is converted to HLW in one of the treatment options 

evaluaterl (Option 5), and since the disposal costs for HLW anrl TRlJW in the same 

deep geologic repository are interdependent~ the total costs for hath HLW and 

TRU~I arP considered in this evaluation. Incremental costs for LUl resulting 

from TRUW treatments are also included. 

The calculated costs for treatment~ transportation, and disposal of the 

treated TRLM (and incremental LUI) from reprocessing 7n,nnn f1Tll of .-;pent fuel 
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N . 
N 

Option 

1 

2 

3 

4 

5 

6 

TABLE 2.1. Summary of the Six TRllW Treatment Options(a) 

Title 

No treatment 

r1i nifTIUm treatment 

r1i nimum number of 
processes and 
products 

t1aximurn volur1e 
reduction without 
rlecontami nation 

f1aximum volume 
reduction witl-1 
decant ami nation 

Noncombustible 
waste forms 

Objective 

No treatment of wastes 

Reduce volume with 
simple technology 

Treat wastes in similar 
manner to produce one type 
of simple waste form 

Treat wastes to produce 
minimum final waste volumes 

necontaminate TRl!W 
to produce LLW 

Reduce volume and 
eliminate combustibles 

Primary Treatments 
Assay to certify TRU content 
and whether contact or remote 
handled 

All wastes are mechanically 
compacted to reduce volume 

All wastes are mixed with 
cement or grouted 

f·1etals are melted, cellulose 
combustibles are incinerated, 
rubber and plastics are hot 
pressed, and residues are melted 

~Jastes are 
residue is 
or t reaterl 

rlecontaminated; 
combined wi6b HLW 
separately\ ) 

MPt.nlc; arE> melted, comhus­
tihles are incinerated, and 
residues are cemented 

(a) HLW is treated by vitrification in all options. A more detailed description of TRUW treat­
ments is given in Table 7.1. 

(h) Suboption 5A vitrifies decontamination solutions with HLW glass, while 
Suhoption 5R dries the decontamination solution and hot presses the solids from hull 
treatment. 
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TARLE ~.~. Annual Volumes of Treaterl Hastes from a 1,500 t1TU/yr 
Reprocessing Plant for the Six TRUW Treatment Options 

Contact-Hanrllerl 
Option TRlll/, m3 

1 480 

1 55 

1 R9 

4 7 

5A 4 

SR 4 

n 28 

Rernote-Hanrllerl 
TRliW, m3 

980 

300 

RnO 
110 

14 

23 

110 

Increase in 
HLW, [[W, 

rn3 rn3 

79 

4 

530 

530 

57 

Total TRliW 
and HLW, m3 

1,4no 

355 

949 

117 
97 

31 

138 

are shown in Table 2.3. All other treatment options have costs lower than 

those for Option 1 (no treatment), and these incrementally lower costs range 

from $0.?. billion for Option 3 {minimum number of processes and prorlucts) to 

$2.n billion for Option n (noncombustible waste forms). The increase in 

treatment costs for Options ~ through n over those for Option 1 are more than 

compensated for hy significant reductions in transportation anrl disposal costs. 

It should he added that the largest contribution to rlisposal costs in Suhop­

tions SA anrl 5R (maximum volume reduction with rlecontamination) comes from 

incremental LLW disposal costs. 

Table 2.4 includes the same costs given in Tahle 2.3, with the arldition of 

HLW management costs. These costs show the total costs for the system rlefined 

in this study. (Treatment R.i.D and decorrtf1lissioning costs and repository selec­

tion and rlevelopment costs are exclurled in this sturly.) Again, all the other 

treatment options have a lower overall cost than Option 1 (no treatment). A 

significant reduction in transportation and rlisposal costs can he noted by com­

paring the costs for Options 2 through n with the costs for Option 1. These 

cost rlifferences demonstrate the major impact of volume reduction on overall 

system costs. 

Comparison of Tables ?..3 and 2.4 shows various reductions in the cost 

incentives for the treatment options (Option ?'through G) when incremental HL~~ 
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TARLE ~.3. Costs for Treatment, Transportation, and Disposal of TR\JW 
and Incremental LLW from 70,000 tHU(of Reprocesserl Spent 
Fuel (unrliscounted 1QA3 $ billions) a) 

Cost Rerluction 
Relative 

Option Treatment Transportation Oisposal Total to Option 1 

1 1.2 1.4 2.2 4.R 

2 I. 5 0.3 1.4 3.2 l.n 

3 1. 5 1.2 l.Q •.n 0.2 

4 2.2 0 .I 0.6 2. q l.Q 
5A(h) 2.n n.os n. 7 3.4 1.4 
5B (h) 1 .n n.nn 0. 7 3 .R 1.0 
n(bl 2.2 0.1 n.n 2.Q 2 .o 

(a) Treatment costs include amortized capital anrl operating costs; 
transportation costs assu111e commercial general freight costs 
plus cask leasing plus security costs; rlisposal costs include 
construction and operation costs of a basalt repository for 
TRUW and HLW, and cofl11llercial burial grounrl charges for LLW 
disposal. 

(b) Includes incremental costs for LLW treatment, transportation, 
and disposal, which are incurrerl in th·is option. 

management costs are arlded to derive the system costs. However, these system 

cost rerluctions are still significant in some caSE~S (Options?., 4, and fi), 

ranging from $0.1 hillion in Option 3 (minimum number of processes and pro­

rlucts) to $1.7 hillion in Option fi (noncomhustiJ)l~~ waste forms). Option 2 

(minimuM treatment) has a cost incentive of $1.5 l)illion anrl Option 4 (maximum 

volume reduction without decontamination) has a cost incentive of $1.11 hillion. 

The strategy analysis in this sturly also too 1< into consideration the 

requirements for waste forms anrl canisters anrl waste processing characteris­

tics. The waste form considerations inclurlect rec~gnition that the requirements 

heing developerl inclurle those for rlefense TRlJW to he sent to the Waste 

Isolation Pilot Plant (WIPP). the Class C LLW requirements in 1n CFR ol (U.S. 

NRC IQR4a). anrl the HLW anrl TRUW requirements in 10 CFR on (U.S. NRC 1QR4h) for 

geologic rlisposal. Since the detailed disposal method for TRUW has not yet 

heen estahlisherl and detailerl characterization rlata for the respective waste 
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TABLE (.4. Costs for Treatment, Transportation, anrl nisposal 
of HLW, TRUW, anrl Incremental LUJ from 7n,nnn 11TIJ 
of Reprocesserl SoeQt Fuel (undiscounted 
JQR3 $ billions)la/ 

Cost Reduction 
Re l at i ve 

Option Treatment Transportation n; s~osa l Total to Option 1 

I 3.7 1.7 4.q 10.3 

2 4.0 0.6 4.2 R.R 1.5 

3 4.0 1.5 4.6 10.~ 0.1 

4 4.7 o .4 3.6 R. 7 1.6 
5A(b) 5.5 n.6 3.q 10.0 o. 3 
5R (h) 5. 5 0.4 3.q q .R o.5 
6(h) 4.7 0.4 3.6 R.6 1.7 

(a) Treatment costs inclurle arnortizerl capital anrl operating costs; 
transportation costs assume commercial general freight costs 
plus cask leasing plus security costs; rlisposal costs include 
construction and operation of a hasa1t repository for TR\IH anrl 
HLW, anrl COJ111l1ercial hurial ground charges for LLW disposal. 

(h) Includes incremental costs for LLW treatment, transportation, 
and rlisposal, which are incurred in this option. 

for~s have not heen ohtainerl, the acceptability of waste for~s cannot he fully 

jurlged. However, it seems likely that waste forms wi11 he required to provide 

some immohnization of particulates, high chemical durability, and elimination 

of any pyrophoric and combustible materials. In comparing the probable waste 

form characteristics in the treatment options with these potential require­

ments, Option 0 was judged to he the most likely to he acceptable under the 

anticipated requirements. Options 3, 4, and S were considered likely to he 

generally acceptable. However, there are concerns about the particulate, 

potentially pyrophoric, and combustible materials present in Options 1 anrl ~. 

The relative ranking of the process options relative to waste forrr1 requirements 

is given in column 3 of Table ~.5. 

Processing characteristics such as ope rat; on a 1 safety, process cornpl exity, 

technology status, and process flexibility were evaluated qualitatively hy the 



authors. The aggregate results are shown in colu~n 4 of Table ~.5. The 

simpler treatment options (Options 1 and 2) possess the more favorable proces­

sing characteristics. Options 4 and 5 were judged to have the least favorable 

processing characteristics of the six options, and Options 3 and 6 were judged 

to he intermediate. 

By combining the rankings of the options studied relative to waste form 

characteristics and processing characteristics with those for system economics 

{given in Column ?. of Table 2.5 and based on the costs in Table ?..4), an 

approximate overall ranking is given in Column 5 of Table ?..5. This overall 

ranking, obtained hy addition of the values in Columns ?, 3, and 4, assumes 

that the values are equally weighted. It should he noted that processing would 

have to he given greater weight than the combined categories of system 

economics and waste form characteristics to change the results. 

This simple comparison provides some valuable insights. The ranking indi­

cates that Option 6 is the most favorable and Options 1 and 5 are the least 

favorable. Although waste form requirements may not he known currently, they 

may well provide "qo/no-go" bases for evaluating the waste forms for the 

TABLE 2,S, Summary Ranking of the Selected TRUW Treatment Options 

Appro xi mate 
System ( ) Waste Form Processing Overal{ 

02t; on Economics a Characteristics(a) Characteristics(a) Ranking h) 

1 fi fi 1 13 

2 3 5 2 10 

3 5 4 3 12 

4 2 2 s q 

s 4 3 fi 13 

fi 1 1 4 fi 

(a) Ranking of fro111 1 (most favorable) to fi (lPast favorable of the 
qroup), 

(h) Approximate overall ranking is hy addition of the prior three 
values for each option, with the lower numbers heing the I'TlOSt 
favorah 1 e. 
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various strategies. 1n that case, the options with the poorer waste form rank­

ing (higher numbers) coulrl well he eliminaterl, anrl the hetter waste forms would 

have a better chance of meeting the requirements. The more extensive treatment 

options (Options 4, 5, and n) are ranked the most rlesirahle in the waste form 

category, with the ranking for Option fi as the most favorable. Option fi also 

presents the most favorable system economics and has the most favorable 

processing characteristics of the more extensive treatment options (Options 4, 

5, anrl fi). Option 5 appears to he the least favorable of the more extensive 

treatment options. 

Raserl on these evaluations, it appears that Option fi potentially may have 

the most favorable ch~racteristlcs of all the options sturllerl. Option 4 

appears to have the next most favorable characteristics of the more extensive 

treatment options, anrl ranks least favorably only in processing 

characteristics. 

Implementation of Options 1, ~. and 3 would require little or no R~n. hut 

these options rank relatively poorly. Option 0 appears to offer significant 

potential advantages over the other options, and R~O for this option appears to 

he warranted. Next in line for potential improvements in the waste management 

system is Option 4. 

Other options coulrl be constructed for further evaluation based on the 

selection and evaluation of specific treatments from the six options presented 

here. For example, a simplified decontamination option that would decontamin­

ate the hulls anrl leave the remaining wastes to he treated by other methods 

could he examined. Hulls are of special interest hecause they are the largest 

volume stream and have high radiation levels. 

In constructing the treatment options evaluated in this study, it was rec­

ognized that high-efficiency particulate air (HEPA) filters comprise a rela­

tively large voluMe of waste that is apparently difficult to treat. It should 

also be recognized that the treatment of polyvinyl chloride (PVC) plastics 

presents process difficulties, and that the development or utilization of 

alternative materials (to eliminate PVC and halogen-containing materials from 

TRUW) would simplify TRllW incineration. 
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This study demonstrated that there ar~ significant opportunities for com­

bining wastes for treatment. Therefore, future R~D should consider all the 

waste streams, as we have done in this study. t1etal melting, incineration of 

comhustihles, and cementing of residuAS are canrlidates for further development 

hased on the six basic options studied. These processes have the capabilities 

to reduce waste volume and waste management system costs, to handle a large 

variety of wastes, and to produce good quality waste forms. 
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3.0 STUDY APPROACH 

This study represents the first step in the rlevelop~ent of an integrated 

TRUH treatment technology. as illustrated in Figure 3.1. Following this stra­

tegy analysis are three activities: 1) more detailed selection of processes 

TRUW Treatment 
Strategy Analysis 

1 1 
Selection and 

Development of 
Development .of 

Performance Analysis 

Specific Treatment 
TRUW Production of Selected 

Systems 
Requirements Products 

! 
Characterization of 
Selected Processes 

and Products 

! 

Comparison of Selected 
Products and Processes 

with Requirements Using 
Updated Characteristics 

Development and 
RadioactiVe Demonstration 

of TRUW Processes and 
Evaluation of Products 

l 
Technology Documentation 

for Availability for 
Application 

FIGURE 3.1. Major Steps in TRml Treatment Development Program 
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(e.g., what type of incinerator?) and their development, if needed; 2) develop­

ment of TRU waste production requirements (i.e., c ~;teri a) with concurrence 

from the repository program staff to ensure that the products will he compat­

ible with the repository systems (e.g,. the limits on size and weight of the 

containers); a11d 3) completion of a performance as·5essment of the selected pro­

ducts in repository environments. After the proce5ses are selected and actual 

products made, characterization of the selected prJcesses and products can he 

accomplished. With actual product data, productio1 requirements, and perfor­

mance analyses completed, a final determination can he made on the appropriate­

ness of the conclusions reacherl in this document. With confirmation of the 

conclusions, major development and demonstration activities can he completed to 

provide the technology to future users with a fully documented technology. 

The approach used in this study is illustrated in Figure 3.2. The first 

step was to identify the sturly bases, described in Section 4. nata from the 

Barnwell Nuclear Fuel Plant (RNFP) were used as the primary source for waste 

type and waste volume infortTlation (narr 1QR1). t1inor rmdifications in the pri­

mary rlata were marie haserl on data in the literature and the experience of the 

authors. t~aste volumes anrl waste rlescriptions are covered in Section 5. The 

possible treatment options for each type of waste were then considered, as 

described in Section n. Six objectives were established for selecting treat­

ment processes: no treatment (Option 1), minimufll treatment (Option 2), treat­

ment by one immobilization process (Option 3), maxir1um volume rerluction (Op­

tion 4), maximum use of decontamination (Option 5), and preparation of waste 

forms without combustibles (Option 6). 

These objectives were then userl to select trE,atment options. This selec­

tion resulted from numerous meetings of the author·s in which the effects of 

various processing combinations were considererl; the results of these discus­

sions are rlescrihed in Section n. After the selection of the options to be 

evaluated, the volume of wastes that would he shipped for disposal to the 

repository or to a LLW facility was determined for· each option. Using these 

volumes, the costs of transportation and disposal were rletermined and treatment 

costs were estir1aterl and are includerl in Section H. r:onsirlerations other than 

costs are arldresserl in Section q. With these data, general recommendations 

• 
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Select Study 
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Modify 
Primary 

Data 

' Review Identify and Select 
Regulatory Treatment 

Requirements Objectives 

• Select Treatment 
Methods for Each 

Evaluate - Non-Economic Objective 

Waste Form and 
Process Considerations 

Calculate Volumes of 
Treated Wastes and 
Number of Canisters 

' Estimate Disposal Estimate 
and Transportation Treatment 

Costs Costs 

• • Select and Recommend 
Treatment Strategy 

FIGURE 3.2 Flow Chart for Strategy Evaluation 

were selected for the treatment strategy rliscussed in Section g. Finally, the 

resulting recommendations for further treatment technology considerations and 

for the selected treatment options are provided in Section 10. 
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4,0 OVERALL RASES FOR STUDY 

This section irlentifies the major technical hases anrl assur1ptions userl in 

the sturly, including regulatory hases. The hases are applierl to the overall 

sturly approach rlescriherl in Section 3 anrl are userl for rleveloping the rletailed 

rlata anrl analyses in the S!ihsequent sections. 

4.1 TFCHNICAL RASES AND ASSIHIPTIONS 

The major technical hases nnrl assumptions userl in the sturly are qiven 

he low. 

o The RNFP is the reference reprocessing plnnt for this sturly. The 

RNFP inclurles 1) a fuel receiving ancl storage station, ?) a separa­

tions facility, 3) a plutoniur1 dioxide conversion facility, 4) a 

waste processing facility, S) waste storaqe, anrl fi) a physically 

separate uraniur1 hexafluoride conversion facility. Although there 

are no cofllrnercial reprocessing plants currently operating in the 

U.S., the constructlon of the RNFP was nearly complete when it was 

rliscontinuerl, and the plant is helieverl to he reasona~ly 

representative of the state-of-the-art rlesign of commercial-scale 

ftJel reprocessing plants. In arldition, the BNFP staff performerl 

waste rnanagefllent sturlies specific to that plant for nOE frofll 1q7q to 

lqR3 (Anrlerson et al. 1Q7q, Anrlerson anrl Evans lqR3, Roane and Ehel 

19R3, narr lqR3); these reports provirlerl useful information for this 

study. This study also userl information from a related ongoing study 

on ~Jaste ~1anagerrrent Systems Analyses for DOE's Office of Civilian 

Rarli oact i ve Waste ~1anngement ( 0CRW~1). 

o All TRlJ\>J treatment is assumed to he at the reprocessing plant, not at 

a central treatment, storage, or repository facility. 

o High-level liquirl waste (HLLW) anrl raffinates from rlownstream solvent 

extraction cycles are comhined in the normal plant flowsheet and are 

converterl to a borosilicate glass as HLW. Thus HLW is excluded from 

this sturly, except in the cases where some of the TR!M is comhined 
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with HL\4. In these cn.ses, tile i ncrernental i rnpacts of the TRliW arlrli­

tion to HLH are irlentifierl anrl evaluaterl. 

o Existing information is userl for characterizing the TRlJW from the 

reference reprocessing plant. ~1ost of the inforr1ation userl is taken 

from the Oarr (loR3) study and from oOE/ET -Oo2R (U.S. OOE lo?o); 

these sources are helieverl to he the most corr1prehensive analyses 

related to the neerls of this sturly. Appropr·iate arljustrr1ents have 

been fllarle here to sornf' of the information fr·orr1 these sources. 

o All waste streams in the reference fuel repr-ocessing plant that coulrl 

potentially he rlesiqnaterl as TRlJW art> considererl in this stur-ly. How­

ever, all streams that are indicaterl hy narr· (lqR3) to hf' non-TRUlrl 

are exclurlerl as TRlJW here. This assurnes th•1t an efficient assay sys­

tem is in place in tht> facility to rliscriminate accurately between 

wi:lste streat11s that are TRIM anrl those that coulrl he, hut are not, 

TRlJW. Some sensitivity analyses were conrlucterl to rletermine whether 

factors of ±3 in TRIJ nuclide concentrations in WF!ste streaMS would 

change the classification of the wastes. 

o The rlefinition of TRUW userl here is frofTl th<~ fourth working rlraft of 

the proposerl regulation 40 CFR 191 (\J.S. f:PI\ 19R4a): '11 Transuranic 

wnst~s', n.s userl in this Part, means wastes containing more than 100 

nanoctrries of alpha-emittinq trfJ:nsuranic isotopes, with half-lives 

greater than twenty years, per gram of wast!~." C:orrections are 

applierl, as described in 1n CFR nn (II.S. NRC lqR4a) anrl 10 CFR fil 

(IJ.S. NRC lqR4h), for the allowahle amount nf beta-emitting 241 Pu (a 

factor of 3S is applier! to allow for alpha decay of its rlauqhters), 

and for short-lived alpha-emitting 24?.cm (a factor of ?.00 is applierl 

to allow for alpha rlecay of its long-lived daughters). Arlrlitional 

rlefinitions of TRUW are discussed in Append-ix C. 

o Transuranic waste is assumerl to he rlisposerl of in a rleep geologic 

repository concurrently with HLW. The iPlpacts of various TRIJW 

strategies on wnste rlisposal woulrl thus he incrernentnl to the 

disposal of other wastes resulting frol'l spe1t fuel recycling. Some 

of the disposal requirements for TR\JW are identifierl in the 
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regulations, if it is emplacerl in a rleep geologic repository. Since 

TRU\4 is exclurled from shallow-lanrl hurial, the use of rl~~P geoloqic 

rlisposal appears to he a reasonahle assumption for this sturly. 

o Oetailerl waste form r~quirements at a repository ar~ currently 

unknown. The treatments sturlied inclurle a hroarl range of waste form 

characteristics. 

u Processing concepts within the reference reprocessing plant for the 

various treatment systel'ls are hased primarily on work hy former RNFP 

staff, with modifications made hy the authors of this sturly to ensure 

consistency. 

o Costs of the treatment processes within the reference reprocessing 

plant are hilsed pri!llarily on those provided by rkKee et al. (1984), 

with modifications l'lade for differences in hases. Research and 

rlevelopment anrl decommissioning neerls and their costs are not eval­

uaterl. Costs are haserl on unrliscounterl 1983 dollars. 

o Only one reference transportation system is rlefinerl and used for 

TRUI>I. The system assu!lled is that userl in the rkKee et al. (19R4) 

sturly. Transportation costs are hased on information from the sa!lle 

source as the r1cKee report. 

o The reference repository is locaterl in hasalt, using the RWIP rlesign 

(Kaiser Engineers Inc./Parsons, Rrinkerhoff, nuarle, anrl Douglas, Inc. 

1983). Oisposal costs are rletermined using the Repository F.conomics 

(RECON) model (Clark et al. loR3). 

o Costs for LLW disposal are haserl upon the cost scherlule of Chem­

Nuclear Systems daterl ,January 1, 19R4 (Chem-Nuclear Systel"'lS, Inc. 

I oR4) • 

o Reprocessed fuel is assumed to have received an average integrated 

exposure of 28,500 megawatt rlays per !lletric ton heavy metal (MWI)/ 

tlTU). Wastes are assumed to he fro111 spent fuel that is q years out­

of-reactor (Darr 1983). 
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o No extended interim onsite storage of TRlJ~J is considered in this 

study, except for lag storage needed before and after processing. 

The ir1pacts of various onsite lag storage strategies would require a 

separate evaluation. 

4. 2 REGULATORY RACKGROIIND 

The final treated waste forr1 and its canister will have to l'leet federal 

regulations for interim storage, transportation, and ultir1ate disposal. This 

section suMmarizes the r1ajor regulations concerning TRUW P1anager1ent with 

respect to their potential ifl1pact on the selection of TRlJW treatment strategies 

and subsequent waste manage11ent steps. Addition3:l details are given in 

Appendix C. 

4.2.1 Generally Applicable Regulations 

The basic federal regulation for environr1ental radiation protection for 

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

(U.S. EPA 1984a). This regulation applies to the waste manager1ent steps of 

waste generation, treatment and storage, and the filling and presealing of 

waste disposal repositories. It does not, howev1~r. apply to disposal. The 

basic federal regulation for radioactive waste disposal is stated in draft 

40 CFR 191 (li,S, EPA 19B4b, 1985); however, the part of this regulation dealing 

specifically with waste form/repository perforr1ance requirements has not been 

finalized. 

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

stated in 10 CFR 20 (ll.S. NRC 19R3c). This regu"lation gives some dose limits 

and references 40 CFR 1qo. The 10 CFR 20 regulation also states that. antici­

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

The basic regulations regarding radiation p1·otection of the public during 

transportation of radioactive fl1aterials are also covered in 10 CFR 20. 

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

(DOT) in 49 CFR 171-178 (IJ.S. DOT 1984) and by the NRC in 10 CFR 71 (li.S NRC 

1984d). These latter two regulations specify packaging requirements, radiation 

limits, labeling requirements, hnndling procedures, and security procedures. 
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The principal performance requirement for transportation of TRlJW concerns 

containment, which is generally provided by the outer transportation packaging 

[i.e., the cask for rer1otely handled TRUW (RH TRtJW), or the Transuranic Package 

Transporter ( TRIIPACT) packaging for contact-handled TRIJW ( CH TRUll)]. 

4.2.2 Regulations Relating to Release Rates from Repositories (i.e., 

regulations that may be related to waste forms) 

Detailed regulations and requirements for commercial TRUW forms are not 

currently available. However, regulations have been developed for HLW 

(10 CFR 60) and LLW (10 CFR 61) by NRC, and have been proposed for waste 

disposal by EPA (40 CFR 191). The Nuclear Waste Policy Act of 1982 (NWPA) 

provides direction for the disposal of HLW and spent fuel but does not 

specifically address TRUW. However, TRUW could be interpreted as HLW in the 

NWPA by the following definition of HLW: "other highly radioactive material 

that the Commission. consistent with existing law. determines by rule requires 

permanent i solation." Detailed requirements and specifications have been 

prepared for defense TRUW to be sent to the Waste Isolation Pilot Plant (WIPP) 

(Westinghouse 1984), 

In anticipating requirements for comMercial TRUW. a range of possibilities 

has been considered. The minimum requirements would likely be those which 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 is 

to be disposed of in a coMmercial geologic repository. It is the purpose of 

this section to identify all of the potential requirements which could be 

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

provide a perspective of the potential disposal requirer1ents for TR!JW. It is 

recognized that some of the requirements (e.g •• those that are concerned with 

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

disposal. We have therefore not selected strategies for evaluation based 

solely on their ability to meet the most stringent requireMents. A discussion 

of the waste form needs as they relate to release rates from repositories is 

provided in the following subsections. 
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4.2.2.1 EPA Requirement for TRUW 

The fifth working draft of 40 CFR 191 specifies the minimuM concentrations 

of radionuclides in radioactive waste required to classify it as HLW. These 

values are identical to the maximum limits for wastes acceptable for shallow 

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

specifically identified in 10 CFR 61. It should be noted, however, that the 

fourth working draft of 40 CFR 191 deletes the table that gives numerical 

concentrations for classifying HLW. 

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

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

amounts of TRUW constituents that can be released per 1 million curies of TRU 

nuclides present in TRLJW to the accessible environment over a period of 10,000 

years. From calculations in this study, 1 million curies of TRLJ nuclides in 

TR\JW result from reprocessing 84,000 MT of the reference spent fuel, and TRUW 

from reprocessing plants contains about 0.225% of the TRLJ nuclides present in 

the original spent fuel. Based on infor~ation in DOE/ET-0028, Volume 1, the 

TRU nuclides in TRUW from t-10X fuel refabrication plants are about 0.12% of the 

TRU nuclides present in spent fuel. By including the amount of TRU nuclides in 

TRUW from both fuel reprocessing and t10X fuel reprocessing, 1 million curies of 

TRU nuclides in TRUW will result from 55,000 MT of original spent fuel. Note 

that the amount of TRLJ nuclides in spent fuel is about 1/0.00345, or 290 times 

that in the· equivalent amount of TRUW produced from reprocessing of spent 

fuel. However, the EPA-proposed regulations recognize a factor of only 55. 

Thus the proposed 40 CFR 191 is a factor of about 290/55, or 5.3 times more 
conservative for allowable release rates from equivalent amounts of TRU 

nuclides in TRUW compared with those in spent fuel. (See Item 15 in 

Table 4.1.) This factor of 55 for the performance requirements of TRLJW forms 

in a repository is lower than the factor for spent fuel and only applies to the 
waste form portion of the series of barriers that retard releases of waste 

constituents fro~ a repository. 

The same kind of reasoning can be applied to the fission and activation 

products in TRUW. The total fraction of fission products in TRLIW from fuel 

reprocessing (there are essentially no fission products in TRUW from 110X fuel 
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refahrication plants) is about 0.71% of the amount in spent fuel (based on Darr 

1QR3). Thus the performance requirement for the waste form plus canister and 

for other harriers could be reduced hy a factor of about 140 for the fission 

products in TRIJ\4. 

Essentially all of the activation products in irradiated fuel eventually 

are in the TR!JW (fuel cladding and hardware); these activation products com­

prise ahout 1.5 times the number of curies of fission prorlucts present in TRUW. 

Carbon-14 is the only activation prorluct that appears in EPA's list of specific 

isotopes of concern; thus all other activation prorlucts can he put into EPA's 

category of all other non-TRU nuclirles. The EPA's limit for releases of these 

other non-TRll nuclides is the same as for the fission prorlucts 135cs, 137cs, 
90sr, anrl 120sn. Thus the performance requirement for the waste form plus can­

ister for the activation products could be reasoned to he higher by a factor of 

about 1.5 than those for fission prorlucts in TRill~. Application of this factor 

of 1.5 to the inverted factor of 140 derived in the previous paragraph implies 

that the performance requirement for the waste form plus canister for the acti­

vation products in TRUW is a factor of ahout 140/1.5, or Q3 times lower than 

that for fission products in spent fuel. For 14r,, there are about 0.74 anrl 

0.11 Ci/'1T of spent fuel in the fuel itself and in the fuel cladding hulls 

(TRIJW), respectively, for a total of about R50 Ci/1,000 rrr of spent fuel. The 

allowable release rate of 100 Ci/1,000 ~1T in the proposed 40 CFR 191 would 

allow about 12% of the 14c to be released to the accessible environment from 

the waste form and canister and from the repository and geologic harriers. 

4.2.2.2 NRC Requirements for TRUW 

The NRC has not developerl regulations specific to TR!JW form or disposal 

requirements, hut their regulations relating to HLW in 10 CFR no are stated to 

be applicable to all rarlioactive wastes that are rlisposerl of in a geologic 

repository. It is further emphasizerl in the rliscussion of the bases for the 

NRC regulations that release requirements for rarlionuclides in TRUW that are 

disposed of in a geologic repository are the same as those for high-level 

waste. 

Regulation 10 CFR no states that containment within the waste packages 

will he suhstantially complete for a period of at least 300 but no more than 
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1,000 years after closure of a repository. In addition, the release rate from 

the engineered barrier system (which includes any canister overpack, backfill 

materials, and the entire underground facility) shall not exceed 1 part in 

100,000 per year of the inventory of each radionuclide calculated to be present 

at 1,000 years following permanent closure. (This limit does not apply to any 

radionuclide that is released from the engineered barrier at a rate of less 

than 0.1% of the calculated total release rate limit.) 

4.2. 2.3 Requirements Regarding Release Rates from Haste Forms 

Fractional release rate requirements directly from the waste forms cannot 

be obtained directly from the existing NRC or the proposed EPA regulations. 

This is because the EPA regulations specify maximum releases to the accessible 

environment, and the NRC regulations specify maximum releases 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. However, by 

extrapolating from currently proposed EPA regulations, it can be concluded 

that, for the equivalent amount of spent fuel, allowable fractional release 

rates to the accessible environment from TR!JW are as follows: for TRU 

nuclides, about 50 times higher than those from spent fuel: for fission 

products, about 140 times higher than those from spent fuel; and for activation 

products, about 90 times higher than those from spent fuel, The NRC release 

rate limit from the engineered barrier system of 1 part in 100,000/yr may be 

taken to be applicable to TRU nuclides in TRUW in a deep geologic repository. 

4.2.2.4 Repository Waste Acceptance Requirements 

High-level waste acceptance requirements for the Rasalt Waste Isolation 

Project (RWIP) have been drafted and provide some additional indications on 

requirements for the waste going to the repository. Specifically, BWIP, in its 

concern for the potential of organic complexes forming in the repository and 

enhancing the migration of actinides, 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 BWIP or another repository with this requirement, it may well be 

expected that the TRUW would have to meet this requirement as well. 
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4.2.3 Regulations Related to Other Waste Form Characteristics 

Other considerations related to waste form characteristics are given in 

the co~posite of waste for~/canister characteristics shown in Table 4.1. In 

addition to release rates, the characteristics arE! related to the following: 

canister and other package aspects(a) 
particulate content 
free liquid content 
co~bustihility (organic content) 
pathogenir; q.nrl infectious material 

content l a! 
void spaces 
radiation resistance 
ther~al cycling resistance 

toxic vapor content 
explosive and pyrophoric material 

content 
gaseous radionuclide content 
gas QE!neration rate 
structural resistance 
overall lench resistance 
holllogE!nei ty 

(a) Not directly of interest in this study. 

The considerations in Table 4.1 are haserl primarily on the assuMption that 

minimur1 requirements for TRlM woulrl he somewhat equivalent to those of HLW and 

LLW Class :":. Arlrlitional consirlerations are th0-:e b 40 CFR 1q1 for TRUW, the 

WI PP Waste Acceptance Criteria (WAC) for rlefense ""RUW (Westinghouse Electric 

Company 1g84), anrl the rlraft HL~I acceptance requir·ements for RWIP (Ranrllev 

1983) • 

Some of the requirements given in Tahle 4.1 are relaterl to the canister or 

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

integrity canisters can he used to substitute for some of the requirerl char­

acteristics of waste forms. Although this potent·al is recognized, the 

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

Section 9 provides arlditional discussion of the requirements shown in 

Table 4.1 as they relate to the specific waste forms considered in this 

study. Additional related material is prF!sented ·n Appendix r:. 
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5.0 DEFINITION OF TRUW STREAMS 

The TRUW quantities and radionuclide contents used in this report are 
primarily as estimated by Allied-General Nuclear Services (AGNS) personnel for 

operation of the BNFP (Darr 1983). Those estimates that were 1nodified by the 

authors of this report are discussed later in this section. The wastes and the 

containers that the BNFP staff planned to use are briefly described and the 
quantities are summarized in a series of tables. Only the waste streams in 

Darr (1983) that are indicated to be TRUW are taken as such. This assumes that 

an efficient assay system is in place in the existing facility to discriminate 

accurately between streams that are TRUW and those that could be, but are not, 

TRUW. 

5.I ORIGIN OF GENERAL TRUW TYPES AT THE REFERENCE FUEL REPROCESSING PLANT 

The hulls and hardware are the metallic (Zircaloy, Inconel, and stainless 

steel) portions of the spent fuel elements; these portions remain after the 

elements are sheared and the uranium dioxide fuel is dissolved out with nitric 

acid during reprocessing. The hulls and hardware are not only the most volumi­

nous and heaviest TRUW type, they are also the most highly radioactive. 

The general process trash (GPT) waste contains both combustible (e.g., 

paper, cloth, plastics, rubber} and noncombustible (e.g., metal, glass, cement) 

materials. The sample and analytical cell (SAC) waste is similar to the GPT 

waste. 

Used HEPA filters comprise a large volume waste stream t~at presents some 

challenging treatment problems. The filters have either wooden or metallic 

frames and noncombustible (e.g., glass, asbestos) or combustible (e.g., filter 

paper) filter media. They also contain an appreciable amount of organic mate­

rials in the form of adhesives and rubber gaskets. Some filters also contain 
separators made of aluminum. 

Failed equipment comprises another metallic (primarily stainless steel) 

waste stream. Darr's (1983) estimates indicate that this is a lor/ volume waste 

stream. The BNFP staff planned to store large pieces of failed equipment 
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onsite until the plant was decommissioned, at which time the failed equipment 

would he treated along with (and considered as) decommissioning waste. 

Fluorinator solids are a residue of fluorination of the uraniuM product of 

the reprocessing plant. This waste stream is composed primarily of alumina anrl 

calciuM fluoride particulates. 

5.2 RASES FOR TRUW OESCRIPTIO~S 

The narr study (lqR3) described lR different waste streams that are clas­

sified as TRUW. r1any of these were further categorized according to container 

size, TRU content, and surface dose rate. The sturly also descrihed other 

streaMs of similar wastes that did not contain enough TRtJ nctivity to he 

classed as TRUW; these streams are not addressed here. 

For our study it was necessary to determine the relative amounts of com­

bustible and noncombustible materials in the wastes. A clear distinction of 

these two types was difficult to ohtain from the narr study for GPT and SAC 

wastes. t1ost of the difficulty came from the distinctions r1arle hy the RNFP 

staff between the fraction of the waste containers in which at least a portion 

of the waste is comhustihle, and the fraction of the containerl ~t/aste which is 

comhustible. Unless the waste is segregated, these fractions are not nPcessar­

ily the same. The information listerl in Appendix C of the narr sturly rloes not 

provide all of the inforr1ation neerlerl to evaluate alternative waste treatmPnt 

options. 

The following hases for the GPT and SAC wastes were adopted haserl on some 

of the values from the narr study, combined with the authors' knowledge of 

waste compositions and hanrlling practices: 

u The GPT wastes are seqregaterl at the point of origin, so that the 

fraction of the comhustihle waste is equal to the fraction of the GPT 

containers that contain comhustihle wastes. All of the GPT wastes 

are Rn vol~ comhustihle anrl ?0 vol'Yo noncombustible materials. Only 

for the GPT from the Plutonium Product Facility do these hases give 

quantities different from those given in the narr sturly. 

5.( 
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• The SAC wastes are not segregated at the point of origin, so all of 
the containers contain both combustible and noncombustible wastes, as 

indicated in Appendix C of the Darr study. Each SAC waste container 

holds a mixture of 60 vol% combustible and 40 vol% noncombustible 

waste; these somewhat arbitrary fractions are based on the authors' 

interpretation of information for SAC waste stream 23 in Appendix B 

of the Darr study. These bases give different quantities than those 
in Oarr's Appendix C for both of the SAC waste streams. 

• The weight percentages of the combustible and noncombustible portions 

of the GPT and SAC streams are the same as the volume percentages. 

This basis is admittedly arbitrary but should be fairly appropriate, 

since Darr applied the same weight per drum to all of the drums of 

GPT waste, even though he appears to have assumed that segregation 

had occurred. 

Another important consideration not evident in the BNFP staff estimates is 

that all HEPA filters, even those with metal frames, contain an appreciable 

amount of organic material. All of this waste stream must therefore be con­

sidered partially combustible, even though Darr applied that designation only 

to the wood-framed filters. 

These bases/assumptions have no effect on the Darr estimates of initial 

waste volumes and numbers of containers. However, they are important for the 

considerations of alternative waste treatment processes in this study. 

5.3 TRUW QUANTITIES 

The tables presented in this section summarize the number of containers 

for the wastes and the volumes, weights, and radiation levels of the TRUW. 

These summaries were derived from the detailed values given in Appendix A, 

which were modified as indicated above from the Darr study. 

The wastes are divided into contact-handled (CH) and remotely handled (RH} 

categories. Contact-handled waste is waste 

200 mR/hr at the surface of the container. 

char~cterized in several dose rate ranges. 

5.3 
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The remotely handled TRUW is 

be 1 ow 

also 



fhe containers planned for the llHFP wastes as they were generaterl were 

50-, /-\0-, and 600-gal drums (see /\ppenrlix fl for physical r~easurements of these 

drur1s). The standard 55-gal drum was planned to he used extensively. Because 

the standard I!EPA filters rlo not fit into a 55-gal drur1, standard 80-gal drums 

(t'lilitary specification 27683) were to be used to contain most of these 

wastes. Specially designed 600-gal stainless steel containers equipped for 

reT'TOte handlinu 11ere to be used to contain the hulls and harrlware, the larger 

pieces of failed eq11ipment, the SAC v1astes, and the most highly radioactive 

HEPA filters. 

Tahle 5.1 contains a summary of the Darr estimates of the numbers of ini­

tial waste containers produced each year to reprocess spent fuel at a rate of 

1,500 t-1TU/yr. The initial containers are those in which the wastes are col­

lected ami rmved from the part of the facility where they were generated. The 

results are tabulated hy container size and type of waste and are allocated 

among several dose rate ranges. These values are baserl on the data contained 

in Darr (Appendix C), without incltJding the container weight in defining the 

TRU level. (Note that if the weight of the container t1ad been included, there 

would have been some decrease in the quantity of T~UW and a corresponding 

increase in the quantity of Class C LL\-J. The overall effect of this change, 

however, would be small.) 

The \'laStPs from the iodine retention operations are exclttrled fror1 

Table S.l and from subsequent considPration, since technically they are not 

TRUW because of the special disposal requirements for such wastes and because 

of their small volume. The use of appropriate operating practices, including 

waste assay techniques, is assumed in this study tJ support this basis. 

Table 5.2 contains a summary of the volumes occupied by the initial con­

tainers, again using values provided by Darr. In this and subsequent tables 

the quantities are given per r.nu processed. The volumes in this table repre­

sent the volumes of waste to be disposed of if disposal in the initial con­

tainers is possible. 

The volumes of untreated wastes before they are placed in the initial con­

tainers are given in Table 5.3. These values represent the starting volumes 
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TABLE 5.1. Containers per Year of Untreated TRUw(a) 

ron-t<'l i nar <; 1 <:P >Jnrl W>Js-t" TvnP 

"iS-n<'ll rlru..,s 
i';O'Im'!r-'11 proc<>SS Tr<'lsh (I';PT) 

Senren<'lT~rl cOMhustihla 
Seareaated nonc0!'1bus-tibla 

Totfll f.;PT 

Faller! eoulnmen-t 
Fluorina-tor sollrls 
·~etal-tramed filters 

Totill in "iS-oal drums 

An-nal dru..,s 
Wood-frilMed fi I tars 
'·1e-ta !-framed f i I ters 

Total In All-oal rlru..,s 

nnn-q<'ll containers 
'-!u I Is and hardware 
Fi!i lad eouinment 
~~etill-fraf"'ed filters 
Silmnle ilnrl analvtlcal 

cell (SAf:l was-tP 

To-t'll in non-cal conti'!iners 

Total alI cont<'liners 

( ,, 
S-tre'l"' ~llMhAr 

27 ,"i~,fi"i 
?7,"i'i,fi') 

;(A 

" "i2R 

?;R 
2'iR,4"i,52A,fi3R 

" ?4,51R,fi2 
2'Jf:,fi"iA 
·n,o7 

<?nn 

4V 
(OR 

70 

;o 

1" 
QO( 

4 

ron til i nArs/vr in 
no~" Pi'!tP (MR/hr\ Rilnn~ 

?00-10
3 

"' 21 

" 

" " 

2R 

' ' In -Tn 

74 ·" 
1A,6 

12 
13 

2 

' 

(11) fl'lTil ilnrl strAAm nuMber~ 11re taken frOM n11rr (JQA"i) for reorocessinq l,'JOO ~ITIJ/vr. 
In rlAfln1n<1 TR:IJ\rl I'IVPI. w,.,stps frrt'1 lorlin .. re-tantlon oner1'1tions not lnclude<l (7fl 
convertArl to drums/'~TIJ bv rlivirlinq bv l,"ino. 

4 
, 10 

300 
) 

44 
3 

(:H TPII'~ 

4" 
lOR --
'" 

70 

;n --

'" 
153 
QO( 

1,114 

--
4 

--
---

4 

~ 

1 • 77f\ 

Toti'! I<; 

R4 TQIJW Tot a I 

1 "ifl.4 <;an.l\ 
;Q .fi 1.:17 ·"' 

(QR "" -- 70 
03 " -- 50 --

291 Q;( 

" 217 
<o 1 ,n;n --

m 1 ,247 

Ylll 300 
4 R 

44 44 
37 " --
'"' 3f\Q 

~ 

ROQ ?,'>f\7 

f:ontniner weinhts not includerl 
'>'i-n ill rlrums/vrl. Villues f'lilV b"' 
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TABLE 5.2. Annual Volumes of Containers of Untreated 

Volume of TRIIW in Indicated 
Dose Ri'lte (l'lR/hr) Ranoa, m3/MTU 

~on+ainer Size anrl Wi'lste Tvne Stream Number 
(e) 

?00 

'i'i-ni'll rlrums 
f;Bneri'll orocAsS tri'lsh (GPTl 

Senrenaterl comhus+ihle 'n,'i3,f}'i n.n74 
Seareoated noncol'lhustihle ::n ,'i3 ,fi5 O,OFI 

Tnti'll r;or 

Fi'lll~ eouinment 'lA 0,01? 
Fluorlnator sollrls " --
~1etal-frilmed f i I Tars "" O,OOAfi 

Total in 'i'l-aill rlrums 

A1'1-aal drums 
Woorl-fr<~,erl filters ?.5R n.o3n 
11Atal-tramarl filters 2'iR,4'i,'i?A,fi3R 0,2?5 

Total in AO-Qi~l rlrU"lS 

noo-aal con-ta 1 ners 
Hu I Is and hardware 2) --
Failed eauln"lent 24,51FI,I"i2 0,00fi4 
'~e-tal-frar~ed filters 25C,63A --
S<~"lnle anrl <~n<~lvtical n.67 --

cell (SAC I waste 

Total In fiOO-aal drur~s 

To-tal '" containers 

(A) Oa-ti'l anrl stream numbers are Taken from flarr (19A31. 
Volume values were obtAined from: 
• ';Jntainers/yr from Table 5,1. 
e 1,500 1-IT;J/yr reproC<ls,;i·l:J <"".lh'l. 
• Volumes occ•Jpie<1 by contalnaS"' d,; In ~-3<""r <1983:2:3). 
e 55-gal drum <Jccupies 0,258 m (9.1 1t

3
1. 

e 80-gal drum occupie-; 0,3?1 rn3 tl2,~ ft· ). 
e S:JO-•Jcll Cc)<ltoin.,r ocCLJpies 2.41 m (35 H)l • 

• 

200-10
3 w 3

-1o
4 ' >)0 

0,014 0,013 --
0,003fi 0,(10)2 --

-- -- --
O,Olti -- --
-- -- --

0,012 O,OO?.A --
0,013 0,0030 --

-- -- 0,4A2 
0.0010 0,0032 0,0016 
-- -- 0.071 
0 .04') 0,010 (} ,0(}4fl 

TRUW(a) 

ToTals 

CH TRIJW RH TRIJW Toti'll 

0,074 n.o:n n. Hll 
O,OIQ O,OOfiA 0,021'> 

O,OQ) 0,034 0,127 

0,012 -- 0,012 
-- O,Olfi O,Olfi 
O,O()Afi -- O,OOAI'> ---
0,114 0,050 o. 1fi4 

o.ov, 0,015 O,O'il 
0.22? 0,016 0,241 

0,21"i1 0,0) 1 0,292 

-- 0,4A2 0,4A2 
0,0064 0,0064 0,013 
-- 0,071 0,071 
-- 0,0?9 0,059 

0.001'>4 O,fi 18 0,0?5 -
0,3R 1 0,699 1,0R1 
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TABLE 5.3. Unit Volumes of Untreated TRUW Before Contai neri zati on{a) 

ConTainer Si~e and Waste Tvoa 

'i?-qa I drums 
'";enera I orocess +rasll (GPTJ 

Seqrenaterl combustible 
Seareaated noncombustible 

Totl'll r:wr 
Fa i I act enu i ornF.mt 
"art i cuI nte so I ids 
tletal-tramed ti lters 

To+a I in ':i'>-alll dru111s 

AO-qal rlrums 
'~ood-framed filters 
'·1qtal-frilf11ed fi 1-ters 

To-till in All-aal rlrums 

fi00-aal containers 
·luI Is nnrl hi'lrrlwilrfl 
Fi"' i I ed enu 1 omen+ 
'1A1"<~1-fr<~merl ti I tars 
Samnle anrl analvtical 

cell (SA\.) wilste 

Totnl in !';l)f"\-nal con-tiliners 

Total alI wastes 

Streal'1 "lumber(a) 

n .s~.n'i 
27,'53,65 

,, 
41 

"" 
25R 
25R,4?,'i2A,63R 

?1 
24 ,'i1R,fi2 
7'lC,fi'A 

/'),fi7 

VoluMe of Tl<:\IW in lndicllted 
rJose Rate (mR/hr) Ranoa, "'3/t1TU 

200 200-103 Jo3-Jo4 >10
4 

--- ---

(),()'jf, 

0,0140 
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0,0113 
0,002A~ 

0,0117 

0,00~47 

0,0036"3 

O,OOOQ4 

0,0107 

0.0100 
0,00251 

0,00054 
0,0001'17 

0,00227 

0,00fi2Q 

0,4~'5 

O,OOOCJ4 
0,011 "3 

0,0071"i 

(ill Oilta and stream nu,.,hers ilre taken frort~ Oarr (1QA3), 

CH T~IJW 

0,0')6 
0,0140 

0,070 
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0,0823 

0,0102 
O,Ofi"i5 

0.0757 

0.00378 

0.0037A 

0.1 filA 

Totals 

RH TRUW 

0,0214 
0,00534 

0,02fi7 

0,0117 

O,fH84 

0,00401 
0,00449 

O,OOA5 

0,425 
0,0042 
0,01 1) 

0 .o 191 

0,4fi0 -
0,'507 

Total 

0,0774 
0,0193 

0,0967 

0,0094 
0,0117 
0,0028 

o. 121 

0,0142 
0,0700 

O,Of\42 

0,425 
O,OOAO 
0,0113 

() .o 191 

0,4fi3 -n ,hfiA 



for waste treatment processes and are occasionally much s111aller than the vol­

umes of the initial containers hecrHJse of inefficient packing; this is espe­

cially important with filters that are packaged individually in drums. These 

volumes of untreated wastes were obtained by calculating the volumes of 

untreateci wastes per container from the data in Appenrli x R of the narr study 

and by multiplying those values hy the number of containers filled per MT!! 

p races sed. 

Tahle 5.4 contains the weight of the various wastes. These data also come 

directly from the narr study. 

Table 5.5 presents a surrrnary comparison of the volumes of the initial 

waste containers containing the different types of wastes. Recause of their 

initially high volumes and low packing density, the potential volume reductions 

are the greatest for the hulls and hardware, the filters, and the GPT. 

The potential impact of a plus-or-minus thre1~fold uncertainty in the narr 

radionuclide content estimates on the TRIIW quantities is addressed in 

Table 5.fi. This uncertainty range, chosen arbitrarily, has relatively little 

effect on the volume of the various classes of mo·:;t of the waste types. How­

ever, the fluorinator solids provide a case in wh·ich a large degree of varia­

bility could occur; the quantity of TRUW of this ·:ype could vary from zero to 

4 times the quantity that is based on the Ar;NS es·:irnate. This large a varia­

bility should he kept in mind when designing and !?valuating alternative treat­

ment processes for this waste. 

5.4 REFERENCE 

Oarr, n. G. lq83. Waste r1odel Characteristics Study: !:valuation of Repro­
cessing Waste Estimates. D0E/315fi/FR-01, Allied General Nuclear Services, 
Rarnwell, South Carolina. 
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TABLE 5 .4. Unit Weights of Untreated TRUW Before Containerization(a) 

Weinht nf rqtiW io I '1<1 i eaten 
nos~ R~t"l I rnR/h r) Ranae, ko/'HII ToTals 

ront~iner Size and Waste Tvne Stream Numhflr 
( ,, 

<200 200-10
3 ' 10 -1() ' ' >)0 CH TRIIW RH TRIJW Tote~ I --- ---

"i"i-qal rlru!'lS 
General nrocess trash (GPTJ 

Seareqaterl combust ib I e 27.5~,fi'5 6,0"i 1. HI 1.04 -- fi.O"i ?..2? A.27 
Seareqated noncombustible 27,5~,65 1,51 o.?.CJ o.?.fi -- 1 • 51 0.55 ?..OI:i 

Total GPT 7,56 2. 77 10. ~) 

Fa I I ed eou 1 oment '" 9,33 -- -- -- 9,33 -- 9,:B 
Particulate sol ids 4) -- 20.65 -- -- -- ZO.fi5 20.fi5 

~ '1eta 1-tramoo t i I tars 52R 1 .27 -- -- -- 1,27 -- 1 .27 . 
~ Total in 55-aal drums Hl.lfi 23.42 41. '>R 

AO-oal con-tainers 
Wood-framed filters 25R 1,)2fi 0,451 o. 104 -- 1,326 0.555 l,RA 
~1eta 1-framed filters 25R,4'5,52A,638 A, 329 0,4R5 0,113 -- R,329 0.598 fl.93 

Total In flO-qal rlrUf'lS 9.055 1.153 10.fl1 

6r'IO-aal druf'lS contalnlna: 
Hu I Is Md han1ware 2) -- -- -- 324.0 -- 324.0 "24.0 
Fai I eel equipment 24,518,02 ;? .40 o.oo 1.20 0.60 ?. .40 ':?.40 4.80 
·~etal-fral'led filters 25C,03A -- -- -- 1.32 -- 1.32 1.3?. 
Sal'lple and analytical 

c~ll (SACJ waste 23,fi7 -- 1 ,475 0,310 o. 158 -- 1.949 1 ,95 

ToTal In 600-qal con-tainers ?.,40 _379.7 332,07 
~ 

Tn"till ell Wils-tes 30.1' 3'54,2 3R4 .4 

(n) 01'1-ti'l ;mfl s-tn'il"' nu,..,hars r~rF'! tak.en frOI'l nr~rr (IQR3), 



TABLE 5.5. Comparison of Untreated TRUW Quantities 

Volu'"'€ of lrdt~c.l '"c.ste Vo I U'""3 of \'l,s-te In i-t i fl I llpns i -tv of 1<1A<;tp 
Pile!.; noes, .., /~HH•~ RF!tnrp Pnckfln i rw, PilckAn inn Retore PAC~ilninn, 

Waste CH TRIIW RH TRlJW Tot ill TRIJW M ~ /~CH~1 Fi'lctor ko/"' 

Hu I Is Mrl harrlwar"' 'l,4R? 0,41l2 0,42'i o.o 
Filters (),270 0,102 n. 372 (),QQfl o.' 

GPT O,OQ3 O,fl"i4 0,1:17 o.o(ro n.R 

SAr- waste (). ()<;9"1 (J,O'iQA (J,(Jitl o.' 

fAi lerl enuinMent fl,f11A4 0,0064 n,O?Y;:> 0,01-'4 o.R 

F I uor i nat or snl irls fl,flll) fl,011) 0,01 7 o. 1 

To-till 
---

o;~Al 0,7110 I,I)R n,l16n 

TABLE 5.6. Maximum Possible Variation in Initial Waste 
Quantities Resulting from Plus or Minus 
Three-Fold Uncf,l!rtai nti es in TRU Radi onucl ide 
Concentrations Ia) 

Vnllm8 of In it i AI l.tilste Pilc1~~es 
Qpliltive to l<efPrP1'1C8 f':flSf! 

W>!ste CH TRII~I RH TRIP.r Tnt ill TPIIW 

f<u I Is ""rl hi'lrrlwflre 1 .o 0 

Filters o.R to 1 .o o. 1 to 1 .R f), q In 1.0 

t::PT o. 7 to o.R o." to 2.4 n. 1 to 1.? 

SAr. waste 
oc(c) 

0.4 to 1 .o .• o to 1.1 

Fllllerl enulDMent 1.0 1.0 to 2.0 .o to 1,2 

Fluorinfltor sn I i rls 0.0 to 4.0 n.o to 4.0 

(il) AssunlrHl That all conTainers tor which cl'lssiticatirm cnulrl he chilnoerl in a 
nlven rllrecTion bv il Three-tolrl cha11oe in rarlionucl irle concentration were 
chanaerl in that direction, 

(h) V11lues for the reference ci'lse are oiven in Table 'i.5, 
(c) There is no CH TRIIW in the reference case, 
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6.0 SELECTION OF WASTE T~EATMENT OPTIONS 

Both the types of wastes and the types of treatment processes need to be 

considered in the selection of waste treatment options. The types of wastes 

were described in Section 5. In this section the types of treatment and a 

selection of treatment methods for each waste type are presented for the six 

options identified in Section 3. 

6.1 TREATMENT PROCESSES 

The treatment processes that could be applied to each of the wastes were 

considered. The results are summarized in Table 6.1 and discussed briefly 

below. They are grouped by pretreatment, intermediate treatment, and immobili­

zation. The no treatment option is also included, As shown, the treatment 

processes can be used for more than one type of waste, and several processes 

are available for each waste type. For pretreatment, 

• all wastes will be assayed at least once (and possibly several times) 

as they are processed to allow sorting between TRUW and LLW and 

between CH and RH 

• segregation of the wastes will be required for some processing tech­

niques such as incineration--segregation could be performed at the 

waste generation point or at a central point 

• size reduction or shredding of the wastes will be necessary for sev­

eral of the processes. 

Several intermediate methods for preparing the wastes for immobilization 

or further treatment were considered: 

• Decontamination can be used to concentrate conta~ination in a smaller 

mass of decontamination residues and thus allow a change in clas­

sification of the majority of the waste from TRU~J to LU~. 

• Metallic wastes can be oxidized and then treated as a ceramic for 

incorporation into cement, glass, or other for~s. Oxidation could 

also he uc;erl to reduce the volume of odd shapes and sizes to allow 

higher bulk densities. 

6.1 



TARLE fi.l. Applicahility of Treatment t1ethorl To ~laste Types 

r1ajor Waste Types 
Plastics Ash, Slurlge, 

r1etallic anrl Other Powrlererl 
Treatment r1ethorls Hastes Comhustihles Solirls Filters 

No treatment X X X X 

Pretreatment 
Assay X X X X 
Segregation X X X 
Size reduction X X X 

Intermerliate processes 
f'lecontamination X X X 
Oxirlation X 
Incineration X X 
Slagging pyrolysis X X X X 
Precipitation 
Ion exchange 
Calcination/ 

evaporation 
Dissolution X X X X 
Acirl rligestion X X 
Combination with HLW X 
Oilution to LLW X X X X 

Immohilization 
t1elting X X X 
Encapsulation X X X X 
CoTTlpaction X X X 
Cement imTTlohilization X X X X 
Vit rifi cation X 
Hot pressing X X X 

• Incineration of combustibles can rerluce wast,~ volumes anrl increase 

the stability of the wastes for disposal. 

o Liquid wastes can be decontaminaterl hy several rlifferent techniques, 

such as precipitation and ion exchange, anrl then treated as LLW. 

a Liquirl wastes can also be rlried hy calcination or other techniques to 

rerluce their volume. 

o Dissolution or acid rligestion of wastes can 1e userl to form a solu­

tion containing the waste materials, which will facilitate their pro­

cessing by techniques such as vitrification. 

o.2 
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.. A snall volu,T1e waste stream can be incorporated into another waste 

stream (such as HLW) if the two streams are chemically compatible. 

• If the wastes are slightly over the 100 nCi/g limit for low-level 

classification, they may become LLW if they are immobilized for 

disposal by cementation or some other technique that increases their 

mass. Intentional dilution for reducing the classification of wastes 

is not expected to be politically acceptable on a large scale, but it 
may be appropriate for some streams, i.e., those in which conversion 

to a better final form is indicated, and in which the conversion 

process itself provides dilution. 

The final immobilization processes prepare the wastes for transportation, 

interim storage, and disposal. Some of these processes are listed below. 

• Melting provides the highest volume reduction. Most materials can be 

melted, although processing at very high temperatures can be diffi­

cult and/or complex, and the volatility of some radionuclides may 

cause secondary processing difficulties. 

• Wastes can be encapsulated in a variety of materials with or without 
size reduction. 

• Compaction of the wastes is a simple technique to provide volume 

reduction, but it does not im~rove the durability of the wastes. 

• Waste may be immobilized in cement, either by encapsulation or by 

incorporation of waste ions into the cement microstructure. 

• Slagging pyrolysis has been considered for TRUW, since it can poten­

tially treat all waste types in one unit. However, it was not given 

serious consideration in this study because of previous unresolved 

problems (Tait 1983) • 

.. The potential use of hot pressing for metals, oxides, or selected 

plastic and rubber has also been recognized but has not been tested 

for many of these wastes. A process unit could have very different 

characteristics, depending on the wastes to be treated. 
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5.2 SELECTION OF TREATt1ENT OBJECTIVES 

As shown in Table 0.1, ~ost treatment methods are only applicable for 

specific waste types. Even if applicable, treatment fllay not he optimal for 

certain waste types. A goal of this study was to include as many of the treat­

ment options as possible for preliminary evaluation. To allow this anrl to pro­

vide a focus for the study, several potential overall strategy objectives were 

identified, anrl these are summarized helow. 

6.2.1 Option 1 - No Treatment 

In this option the waste generator (reprocessor) generally prefers to 

minimize treatment costs, even if doing so increases transportation and dis­

posal costs. \~astes are disposed of as they are generaterl, without considering 

their chemical durability, co~hustihility, or final packaged volu~es. The 

wastes are packaged in containers of the size appropriate to the waste size and 

to allow efficient handling. Containers of ~S-, RO-, and non-gal capacity were 

expected to he used at RNFP. 

6.2.2 Option 2- t1inimum Treatment (compaction_)_ 

For this treatment option the major objective is simple volume rerluc­

tion. This is to he accomplished with COI'Tlpaction (using pressures of ahout 

1000 psig) in several different systems to save disposal and transportation 

costs. Supercornpaction (using pressures of about 10,000 psig to obtain greater 

volume reduction) is a similar process hut is considered a variation of the 

primary method. Supercompaction may warrant further evaluation for those cases 

in which compaction appears to he an attractive treatment method. Some types 

of wastes, e.g., failed equipmPnt, are not amenahle to nor111al compaction pro­

cesses. However, it is believed that compaction cotJld he appliecl to all solid 

waste types with some success. 

6.2.3 Option 3- rHnirnurn ~lumber of Processes and Proclucts (cementing) 

The objectives of this option are to reduce the volume of the wastes, to 

treat them to limit corrthustihility and increase chemical durability, and to 

accomplish hath with one major treatment process. The benefits of having only 

one treatment process include minimizing the capital anci operating costs of 

treatment facilities, ~nd sirnplifyinq the characterization and qualification of 
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the wastes for repository disposal. Cementing was chosen as the sole process 

in this option because it is a siMple anrl well-developed process that is appli­

cable to all waste types and because it improves the disposal characteristics 

of the wastes as well. A Major disadvantage of the process is its lack of sig­

nificant volume reduction. Slagging pyrolysis is another potential option, but 

it is Much more complex than cementing; it could he considered for cases in 

which further improvements to the cement waste form characteristics are needed. 

Recent experience with slagging pyrolysis at the Idaho National Engineering 

Laboratory (IN£L) has not been very encouraging (Tait lgfn). Cementing of the 

wastes would require that some wastes he pretrenterl by size renuction or shred­

ding to allow them to he mixed with the cement. 

6.2.4 Option 4 - t1axirmm Volume Rerluction Without Decontamination (melting) 

One of the major cost factors in waste rlisposal is the repository disposal 

cost. Since the repository disposal cost is a function of the volume of the 

wastes, minimizing the volume of TRUW should he a worthwhile objective. Thus 

volume reduction is the primary objective of this option; however, it is recog­

nized that this type of processing wouln also significantly increase the chemi­

cal durability of the waste form, particularly if some effort were marle to 

control and adjust compositions. To obtain the minimum volumes in this study, 

the combustible wastes were assumed first to be incinerated to rerluce their 

volume and mass. Then the residual (ash and scrubber solids) ann other wastes 

were assumed to be processed to maximum theoretical density by incorporation 

into metal or ceramic melts. Extensive sorting of some wastes would he 

necessary to facilitate processing. 

6.2.5 Option 5- t1aximum Volur1e Reduction with necontamination 

The primary objective of this option is to reduce the amount of material 

classified as TRIJW. As with Option 4, the major incentive in reducing the TRUH 

volume is to achieve volume and cost reductions for transportation ann dis­

posal. Volume reduction is accomplished by removing surface contamination so 

that the wastes can he reclassified as LLW after careful assay. It is recog­

nizerl, however, that rlisposal of 11 hotter 11 LLI~ may not he less costly than dis­

posal of comparable levels of TR\J~I. The removerl contamination r1ust he ctisposerl 
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of and should he of low voluMe. It was therefore determined that the concen­

trated contamination should he combined with the HLW for vitrification. Such 

action will recluce the waste treatment units required in the facility {poten­

tially rerlucing treatment capital and operating casts) while incorporating the 

wastes into a more durable form. While most wast1~s coulcl he treatecl hy decon­

tamination, certain fractions of the waste thi'lt could not he decontaminated on 

a practical basis would need to he treaterl hy oth1~r processes. Hot pressing of 

the decontamination sluclge from hulls is also considered an alternative to HLW 

vitrification. 

6.2.6 Option 6 - Noncombustible Waste Forms 

The objective of Option 6 is to process all wastes into forms that are 

expected to he acceptable for disposal. A wirle variety of disposal criteria 

have been considered for TRUW; some of the more r1~strictive criteria would 

eliminate combustibles from the repository and would require good chemical 

durability {see Section 4). For this option, all metals woulrl he melterl, all 

combustibles eliminated by incineration, and all ~~esidual noncombustible wastes 

cemented with the incinerator ash and incinerator off-gas scrubber solids to 

make them resistant to chemical attack and dispersion. 

o.1 R[F[RENCE 

Tait, T. n. 1QR3. nemonstration Test Assessment of the Slagging Pyrol~sis 
Incinerator for Processing INEL Transuranic Waste. Eh~ti-TF-61Q2, Ida o 
Nationa~ Engineering laboratory, Idaho Falls, Idaho. 
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7 .n PROCESS DESCRIPTIONS AND ~IASTE QUANTITIES FOR 

THE SIX RASIC TRUW TREATMENT OPTIONS 

Each of the six treatment options identified in Section 6 is evaluated 

here, priMarily in terms of its effectiveness in processing TRUW and its pro­

cessing and disposal costs. Costs are discussed in Section R, and other pro­

cessing considerations are discussed in Section g. The effectiveness of the 

treatment options depends upon the waste volume reduction achieved and on the 

final quality of the processed waste forrr~. Tahle 7.1 summarizes each treatment 

option for the five TRUW types {described in Section 5): hulls and hardware 

(H&H), failed equipment, filters, fluorinator solids, and GPT-SAC waste. For 

the treated and untreated waste forms, CH waste is defined as waste with a 

surface dose rate less than 200 mR/hr; waste types with surface dose rates 

greater than 200 mR/hr are categorized as RH waste. Specific surface dose rate 

calculations were not performed in this study; they were approximated from 

other analyses. 

Each of the treatment options is discussed in the following section, and 

process and equipment flow diagrams anrl a summary of the final waste quantities 

anrl types are presenter!. The estimates of the final processed TRUW quantities 

are given in Appendix R. 

Figure 7.1 rlepicts the overall TRUW processing operations. The block 

labeled "TRlJW Treatment" represents the six TR\JW treatment options rliscussed in 

subsequent subsections. A new container size (lnO gal) was introducer! to 

improve the handling needs for some treated wastes. Characteristics of the 

various containers are given in Appendix R. 

7 .I OPTION I - NO TREAH,ENT 

This option involves simply packaging the TRUW as it is generated, holding 

it in surge storage for a short time, anrl then shipping it from the reprocess­

ing plant to the waste disposal site. Figure 7.? shows the steps involved in 

this option in addition to those given in Figure 7.1. Table 7.2 gives the 

unpackaged net weights, the unpackaged and packaged waste volumes, and the 

7.1 
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Containers1
"

1 of Collected a 
Packaged TRUW and 

Non-TRUW 

od 

Non-TRUW to Parallel 
Inspection, Cer 

and Labeling Pr 

t 
Exterior 

TRUW1
b

1 Surge Surge 
f-. Package f-. Assay f-o f-. Storage Inspection Treatment Storage 

Statistical 
Sample 

Interior 
Package 

Inspection and 
Repackaging 

FIGURE 7.1. Process Flow Diagram for TRUW Treatment(b) 

(a) These containers are from a reprocessing facility. 

• 

Loading and Shippmg 
to Disposal 

(b) The process flow diagram for the six TRUW treatment options studied is depicted in 
Fiyures 7.2, 7.3, 7.4, 7.5, 7.6, and 7.7. Any inspection, sampling, certification, or 
labeling steps of the processed TRUW are shown as part of the TRUW treatment option. 



Containers1a1 of Collected, 
Packaged, Inspected and 
Assayed TRUW 

• Hulls and Hardware 

• Failed Equipment 

• Filters 

• Fluorinator Solids 

• GPT-SAC Waste 

Certificatio 
--+ and 

labeling 

To RH or CH Surge 
1---+- Storage as Required 

Fif';IJRE 7.2. Process Flow Oiagram for Opti::m 1- No Treatment(h) 

(a) These containers hold the inspect~d and assayed TRUW collected and packaged 
at the reprocessing facility, as depicted in Figure 7.1. 

(b) Process steps prior to and following the ahove process step are depicted in 
Figure 7.1. 

canister information hased on reprocessing 1,500 ~Hll/yr. The rlata are haserl on 

values given in Section 5. 

7., OPTION ? - ri!NHIUrl TREAHIENT (compaction) 

The minimum treatment option involves physical compaction of the wastes. 

This treatment option assumes that some compaction can he attained for all of 

the waste types except fluorinator solids. (See l'.ppendix R for bases of the 

compaction factors.) The compaction factors were estimated for each type of 

waste and were defined as the net (unpackaged) volume divided by the final com­

pacted volume (before packaging). A compaction factor of 3.3 was assumed for 

the hulls and hardware. A compaction factor of 4 was assumed for the fraction 

of waste that Darr (1qR3) defined as being compactible, and a factor of 1.07 

was assumed for the noncompactible fraction. Size reduction prior to compac­

tion is required in some cases to ensure that the pieces will fit into the com­

pactor. All the compacted waste is packaged at qn vol1,; anrl loaded in 100-gal 

containers. Since it is assumed that essentially no compaction could he 

attained with the fluorinator solids, they are retained in their original 

containers. 

The compaction will increase the volumetric concentration of the rarlio­

nucl ides. Therefore some of the waste that was originally CH May become RH 

after compaction. Simplified calculations of rlose· rates were performed to 
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TARLE 7.2. Weights, Volumes, anrl r:ontainers of TRmJ from Option 1 - No 
Treatment 

Waste 
Type 

Hulls anrl 
harrlware 

Failerl 
equipment 

Filters 

Fluorinator 
solids 

GPT-SAC 
waste 

Total containers 

CH/ 
RH 

RH 

CH 

RH 

CH 

RH 

RH 

CH 

RH 

CH 

RH 

Amounts/yr 
Net l~ei ght 
anrl Volume 

kg m3 

4Ro,OOO 637.1 

17,600 19.8 

3' 600 6. 2 

16,380 117.6 

3, 710 30.3 

30,g70 17.5 

11,340 104 

?,ORO 70.3 

for 1,500 f1Tll/yr Reprocessed(a,h) 
Packagerl Nominal Con-
Volume, tainer Size 

m3 L gal 

n81.3 2,270 oOO 

23.6 

347.9 

140.2 

125.2 

210 
2,270 

2,270 

210 
300 

300 
2,270 

210 

no 
210 

2,nn 

55 
600 

600 

55 
80 

80 
oOO 

55 

55 

55 
600 

55 
RO 

non 

55 
80 

000 

NuMber of 
Containers 

300 

70 
4 

4 

50 
1,114 

133 
44 

93 

540 

19R 
37 

600 
1,114 

4 

291 
133 
3R5 

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

(b) 657.g containers/yr of 200-l HLW containers are not shown. 

estimate the new rlose rate ran~e of the compacted waste. It was assumed that 

surface rlose rate increases linearly with waste concentration, that it is a 

weak function of increased canister size, and that compaction provirles neglig­

ible arlditional self-shielrling • 
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The process and equipment flow diagram for tt1is option is shown in Fig­

ure 7.3. TRUW is first sorted and separated into CH TRUW and RH TRUW, and 

these streams are then sorted by size. The large pieces of failed equipment, 

filters, and GPT-SAC waste are segregated, size rt~duced, and placed into 

160-gal canisters with the smaller pieces of these wastes. This waste and the 

hulls and hardware are compacted in campaigns of CH or RH waste in a single in­

can compactor. A lid is sealed onto the canister after it is filled. All 

sealed canisters are inspecterl, assayed, certified, and labeled prior to being 

transferred to surge storage. Process steps prior to and following those shown 

in Figure 7.3 are shown in Figure 7.1. 

The treated and packaged weights and volumes and canister information for 

this option are given in Table 7.3 (based on a reprocessing rate of 1,500 

MTU/yr). See Appendix B for discussion of the derivation of these values. 

This option reduces the waste volume (based on the packaged volume in Option 1) 

by a factor of about 4. 

7.3 OPTION 3- MINIMUM NUMBER OF PROCESSFS AND PF:ODUCTS (cementing) 

In this option, all the wastes (with size reduction or shredding for some 

wastes) are immobilized in cement and packaged at 90 val% waste loading. 

Figure 7.4 depicts the process and equipment flow diagram. Process steps prior 

to and following those shown in Figure 7.4 are given in Figure 7.1. 

The hulls and hardware are removed from their original (stainless steel) 

600-gal containers, mixed with cement grout, and then poured back into carbon 

stee 1 600-ga 1 containers. 

volume by an estimated 10 

The cement grout increc.ses the hulls and hardware 

val%. The failed equipment is size reduced as neces-

sary, and then premixed cement grout is poured over it in a carbon steel con­

tainer of the same size as the original stainless steel container. The cement 

is assumed to fill the existing voids in the failE'd equipment containers with 

no increase in packaged waste volume. One RH ceme~nt mixer is dedicated to 

cementing the hulls, hardware, and failed equipment. The cement is also 

assumed to reduce the surface dose rate of the cortainers by a factor of 4, 

thus converting some of the failed equipment from RH to CH after cementing. 

7.fi 
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Containers'"' of RH 

• Hulls and Hardware 
• Failed Equipment 
• Fitters 

CH or RH B;~tches 
RH lid Removal and of Waste 

Sort by Size 

• Fluorinator Solids 
• GPT -SAC W;~ste 

Containers'al of CH 

• F;~iled Equipment 
• Filters 
• GPT 

RH In-Can RHTRUW 
Compaction 

CHTRUW 

RH lid Sealing, 
Inspection, Assay, 

Certification, and Labeling 

CH lid Sealing, 
Inspection, Assay, 

Certific;~tion, and Labeling 

• 

To RH Surge Storage 
as Required 

To CH Surge Storage 
as Required 

FIGURE 7.3. Process and Equipment Flow Diagram for Option 2 -Minimum Treatment(b} 

(a) These containers hold the TRUW collected and packaged at the reprocessing facility that has 
been inspected and assayed, as depicted in Figure 7.1. 

(b) This is the flow diagram representing the minimum treatment option for the block titled 
"TRUW Treatment" in Figure 7.1. Process steps prior to and following the above process 
steps are also depicted there. 



TABLE 7.3. Weights, Volumes, and Containers of Treated TRUW from 
Option 2 - Minimum Treatment 

Amounts/,F for 1,500 MTU/xr Re~rocessed(a,bl 
Net Packaged Nomina 1 

Waste CH/ Weight, Volu~e, Container Size Number of 
Ty e RH kg m L gal Containers 

~ 

Hu 11 s and RH 486,000 212.6 610 160 350.5 
hardware 

Failed CH 17,600 13.2 610 160 21.8 
equipment RH 3,600 4.2 610 160 6.9 

Fi 1 ters CH 9,040 16.9 610 160 27.9 
RH 11,050 24.2 610 160 39.9 

Fluorinator RH 30,970 19.3 210 55 93 
solids 

GPT-SAC CH 7,980 25.1 510 160 41.5 
waste RH 10,440 39.3 610 160 64.8 --

Total containers CH 160 91.2 

RH 55 93 
160 462.1 

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

( b I 657.9 containers/yr of 200-L HLW containers are not shown. 

The filters and GPT-SAC wastes are shredded in the appropriate RH or CH 
shredder. RH and CH batches of shredded waste are then mixed with the fluori­

nator solids and cement in an RH in-drum cementation facility. A key assump­

tion that a maximum of 40 kg of "soft" material (cE~llulose, plastic and rubber, 

filter media) and 60 kg of "hard" material can be included in the cement 

formulation is taken from Schneider and Ledebrink (1983). The final reference 

cement formulation (60 kg of hard material and 40 kg 

cement and water) yields 0.20 m3 of cemented waste. 

of soft material, plus 

(The amount of 

combustibles in this cement formulation is within the limits of the WIPP 

criteria, although WIPP criteria are not necessarily the same as those for 

commercial TRUW; see Table 4.1.) Aluminum in the filters can cause problems 
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Containers'"' of RH 

• Hulls and Hardware 
• Failed Equipment ___.,.I 
• Filters 
• Fluorinator Solids 
• GPT-SAC Waste 

Containers of RH Contamers 
Hulls and Hardware of Cemented TRUW I RH Lid .I RH In-Drum ( 

Removal I Failed Equ<pment Mol<er 

I 
CH Contamers 

of Cemented TRUW 

Large Items of 

Failed Equipment I s1ze J 
• ( Reduction 

Fluormator Solids 

CH or RH Batches 
Filters, GPT·SAC I RH I of Shredded TRUW 

· 1 Shredder 1 

Containers'"' of CH 

• Filters 

• GPT 
I CH lid I ·' CH r Removal 1 Shredder 

RH lid Sealrng, 
lnsper,tion. Assay, 

Cert<fica\lon. 
and Labelmg 

RH Containers 
of Cemented 

! TRUW 

_ I RH In-Can 
1 

I 
J Cementation 

CH Containers 
of Cemented 

TRUW 

CH lid Sealrng. 
Inspection. Assay. 

Certification, 
and Labeling 

• 

T o RH SurgP Storage 
as Required 

To CH Surge Storage 
as Requ1red 

FIGURE 7.4. Process and Equipment Flow Diagram for Option 3- Minimum Number of Processes 
and Products(b) 

(a) These containers hold the TRUW collected and packaged at the reprocessing facility that has 
been inspected and assayed. as depicted in Figure 7.1. 

(b) This is the flow diagram representing Option 3 for the block titled 11 TRUW Treatment 11 in 
Figure 7.1. Process steps prior to and following the above process steps are also depicted 
there. 



because it can react with the alkaline cement to form aluminufTI hydroxide anrl 

produce hydrogen gas. Recause there is less void space to fill with cement in 

the shredderl filters and CiPT-SAC waste than in thE! failed equipment, it was 

assumed that cementation woulrl provide more shielding for the filters and CiPT­

SAC waste than for the failed equip111ent. Therefore, the cementing is assu111ed 

to rerluce the surface rlose rate of the filters a net CiPT -SAC waste by a factor of 

2. The cementerl filters are packaged in 55-ga 1 drums. 

The fairly high gamma content of the fluorinator solids will cause so111e of 

the CH filters anrl CH CiPT to becoflle RH after hein~J cementerl with the f1uorina­

tor solids; this is accounterl for in the surface rlose rate estir1ate. The 

cementerl f1uorinator solids are packaged in 55-qa·l rlrums. 

The net weight and packaged volumes of waste and canister information for 

Option 3 are given in Table 7.4. This option reduces the waste volume (based 

on the packagerl volume in Option 1) hy a factor of about 1.1. 

TABLE 7.4. Weights, Volufl1es, anrl Containers of Treaterl TRmJ from Option 3 -
rH ni mum Number of Processes and Prorlucts 

Amounts/yr for 1,500 t1TU/yr Reprocessed (a • h) 
Net Packaged Nominal 

Wasle CH/ Weight, Volu~e, Container Size Numher of 
Type c) RH kg m L gal Cant a i ne rs 

Hulls anrl RH l,lN3,fiOO 779 :? • 270 noo 343 
hardware 

Fa i 1 ed CH 59' ?.00 2o.o no 55 7o 
equipment RH 15,5no o .R :~. ?70 ~;on R 

Fi Hers CH 49,140 c7.3 210 55 131.4 
RH 4R,?.40 2n.7 no 55 UR.n 

GPT-SAC CH o3,900 35.5 210 55 170.5 
waste RH 77.580 43.1 210 55 ?07.5 

Tot a 1 containers CH 55 371.9 

RH 55 330.1 
non 351 

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

(b) 657.q containers/yr of 200-L HLW containers are not shown. 
(c) Fluorinator solirls are included in Filters and CiPT-SAC ~Jaste totals. 
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7.4 OPTION 4- MAXIMUM VOLUME REDUCTION WITHOUT DECONTAMINATION (melting) 

High volume reduction factors are attained by burning the combustibles 

(excluding plastic and rubber), melting the metals and incineration residues, 

and hot pressing the plastic and rubber. All the treated waste is packaged at 

90 val% loading in 160-gal canisters. Process steps prior to and following 

those in Figure 7.5 are given in Figure 7.1. 

After prior size reduction of some of the failed equipment and fuel assem­

bly hardware, these two waste types are melted in CH or RH batches in a single 

RH vacuum induction melter (Montgomery and Nesbitt 1983) to 90% of theoretical 

density. 

The filters are shredded in either a CH or RH shredder and incinerated in 

an RH incinerator, resulting in an RH mixture of ash, media, and metals. The 

metals are then removed and combined with the failed equipment for melting as 

RH and CH. The ash, filter media, and concentrated scrubber solution residues 

are melted in the RH melter. 

It is assumed that the CH/RH category of the metal HEPA filt.Pr frnmP~ rlnes 

not change due to processing, since the melting crucible will be periodically 

changed and the CH melting can be done in campaigns, resulting in llttie cross­

contamination. Other streams may change from CH to RH due to concentration by 

melting. 

The GPT-SAC waste is sorted into metals, plastic and rubber, and cellulose 

(i.e., paper, rags). The metals are melted with the failed equipment inCH and 

RH campaigns. The cellulose is incinerated with the filters previously men­
tioned, and the ash and scrubber residues from this incineration are melted as 

RH waste. To avoid large quantities of chlorine in the scrubber solution (from 

incineration of PVC plastics), the CH or RH batches of plastic and rubber are 

pressed in collapsible cans in an RH hot press. The compressed cans are then 

placed in the final container. Remote handled batches of fluorinator solids 

are melted to 90% of their theoretical density. 

The packaged and unpackaged weights and volumes and container information 

for this option are given in Table 7.5. This option reduces the original vol­
Uile of waste (hased on packaJf'd volur1e of untreated v1aste) hy a factor <Jf 12,J, 
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Hulls and Ha>dwar 
Faoled Equopment 
folters 
Fluonnator Solods 
GPT-SAC Waste 

fluonnator Sohd· ---- ···-·-· -- ·-· 
Metals 

I 
1 

Scrubbe• 
SoluMn 

Soze Reduced Concentrator 
Metals 

~H Batches of Cellulose, 

[ 01!-Gas 

RH and CH Balches of Scrubber 

Plastoc Rubber. FoherS Shredded Cellulose 
~~H Ltd Removal,] ~nd L;rqe Metal Items AH Soze and fillers RH Batch 

Sort by Mate<ial~ flfldUCl<on lnconerator 
Type 

Plasttc and Shredded Cellulose 
Aubl>er and Follers 

(• CH Soze Met~ls 

Plaslic an<! Reducloon 
Rubber 

CH Batches of 
Cellulose and Ftlters. 
Plastic and Rubber. 

Contamero'"' of CH 
Large Metal Items . ••·•~1 e<l'"P~~~• CH lod ~emoval, 1,_,_,_ . Frltero •1 Son by Matenal ("~'""' 

'·~ 

[
1

0H-Gas 
1
1 

Treatment 

RH and CH Balches of t OH Gas Metal o• Ceram<c 
nspeCHoJ Waste RH Batch '" Assay, 

Metter Cerl<f•cat'?,:'~ 
and Lal>elin 

'" '" 
•['" Cow '-mol @-+- In-Can Hot 

Press 

l'" 
ICH lnspe<;too~-~ Assay, 

Cert<hcatoon. 
and labehn 

To RH Surge Storage 
as ReQ\med 

loCH So.rge Sor,~qe 
as ReQcmeO 

FIGURE 7.5. Equipment and Process F1o) Diagram for Option 4 -Maximum Volume Reduction 
Without Decontamination b 

(a) These containers hold the TRUW collected and packaged at the reprocessing facility that 
has been inspected and assayed, as depicted in Figure 7.1. 

(b) This is the flow diagram representing Option 4 for the block titled "TRUW Treatment" in 
Figure 7.1. Process steps prior to and following the above process steps are also depicted 
there. 
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TARLE 7.5. Weights, Volumes, anrl Containers of Treated TRUW fro~ Option 
r1axiMum Volume Rerluction t•Jithout Decontamination 

Amounts/yr for 1,500 ~Hll/yr Reprocesserl(a,h) 
Net Packaged Nominal 

Waste CH/ >Ieight, Vol~~e. Can Size Number of 
Type RH ks m L ]2_1_ Containers 

Hulls and RH 4R6,000 g2,3 610 160 152.3 
hardware 

Failed CH 17,600 2.R 610 160 4.6 
equipment RH 3,nnn 0.6 610 160 0 ,g 

Filters CH 7,740 2.4 610 160 3.g 
RH 4,ROO 2.2 610 160 3.7 

Fluorinator RH 30,g70 g .4 610 160 15.5 
solids 

GPT-SAC CH 2, 710 2.2 610 160 3.7 
waste RH 6,770 3,4 610 160 5.6 

Total containers CH 160 12.2 
RH 160 17R.O 

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

(b) 657.9 containers/yr of 200-L HLW containers are not shown. 

7.5 OPTION 5 - •1AXH1lll1 VOLli,1E REOIICT!ON WITH OECONTM1INATION 

4 -

In this option, the decontaminahle metal, plastic, ancl rubber are decon­

taminated, and the nonrlecontaminahle metals are compacted. The cellulose and 

filters are incinerated, i'lnd following incineration, the metal filter frames 

are removed and decontaminated with the failed equipment. The residues from 

the incineration are vitrified with the HLW. The process and equipment flow 

diagram is given in Figure 7.n, and process steps prior to and following those 

in Figure 7.n are shown in Figure 7.1. 

The hulls are cryogenically cooled so that they can he cracked to hreak 

open and size reduce the cylindrical hull pieces, and then they are decontam­

inated in a rlevice called a centrifugal barrel. Two suboptions are considered 

for treating the resulting decontamination slurry, assumed to contain 

zirconium, zirconium dioxide, and aluminum oxirle. In Suhoption 5A, the 
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FIGURE 7 .6. Process and Equipmen( )low Diagram for Option 5 -Maximum Volume Reduction 
with Decontamination b 
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Requ~eed 
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Slorage as 
ReqUirPd 

(a) These containers hold the TRUW collected and packaged at the reprocessing facility that has 
been inspected and assayed, as depicted in Figure 7.1. 

(b) This is the flow diagram representing Option 5 for the block titled "TRUW Treatment" in 
Figure 7.1. Process steps prior to and following the above process steps are also depicted 
there • 
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zirconium, zirconium dioxide, and aluminum oxide are comhined with the HLW 

glass at 20 wt% equivalent waste loading. The diameter of the HLW canisters 

from the reprocessing operation is increased so that the additional HLW from 

the TRUW treatment can he accommodated in the same nufTlher of HLW containers. 

This was done because canister contents can he limited during storage, 

transportation, and disposal hy total heat generation rate, which is not 

significantly changed hy the arlrlition of the Tq_tJW. 11"1 Suhoption 5R the rlecon­

tamination slurry is hot pressed to a density of 3,510 kg/m3 (qO% of theo­

retical density) to hecome RH TRUW. A preoxidation step to convert zirconium 

to zirconium dioxide may he required. 

The hardware from the spent fuel, decontaminable failed equipment and 

metallic GPT-SAC waste, and plastic and ruhher are decontaminated hy vibratory 

finishing. The decontamination slurry (consisting of metal, plastic, and 

ruhher fines), incineration ash, and sodium hydroxide (from the incinerator 

off-gas scrubher) are vitrified at 33 wt% loading with the HLW glass. 

The comhustihle parts of the filters and cellulose GPT-SAC waste are 

incinerated. The metal in the filters is removed and decontaminated hy vibra­

tory finishing with the metals mentioned ahove. The ash and scruhher residues 

are loaded into the HLW glass at 33 wt% and the filter media at 100 wt%. The 

small quantity of chlorine in the plastic and ruhher fines from the GPT-SAC 

incineration could present volatilization anrl off-qas difficulties when treated 

by vitrification. 

The TRlJ fluorinator solids are reduced to LL\•1 hy mixing them with the 

other non-TRU fluorinator solids. This strategy will require good radiological 

characterization of each batch of waste. 

The packaged weights and volumes and container information for the decon­

tamination option based on 1,500 ~1TU are given in Tahle 7.6 for Suboption SA 

and in Table 7.7 for Suboption 5R. 
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TARLE 7.6. Weights, Volumes, and Containers of Treated TRUW from 
Suboption 5A- t1axil"'lum Volume Rf!duction with 
necontarnination (vitrification ~lith HLW glass)(a) 

Hulls 

Waste 
T e 

Hardware 

Failed 
equipment 

Filters 

Fl uori nat or 
solids 

GPT-SAC 
waste 

Total containers 
and HUJ vo 1 urne 

LLW/HLW 
CH TRIIW 
RH TRIIW 

Ll'l 
HLW 

LLW 
HLW 

LLW 
HLW 
CH TR!IW 
RH TRIM 

LLW 
HLW 

LLW 

LLW 
HLW 
CH TRUW 
RH TRIJW 

LLW 
HLW 
CH TRill< 
RH TRIIW 

Amount/yr 
Net 

Weight, 
kg 

373,380 
183,,60 

84,3SO 
730 

14,810 
129 

4,831 
1,529 

10,340 
8,450 

7,460 
760 
506 

19,550 
780 

for 1,500 
Packaged 
Volu~e, 

m 

93.7 
o .3 

10.] 
0.05 
4.0 
1.3 

21.7 
3.2 

20.6 

78.9 
0.3 
0.4 

11.9 
0.6 

t1TU/yr Reprocessed(a) 
tlomi na 1 

Container Size 
L gal 

610 160 
320 85 

o!O 160 
320 85 

610 160 
1<0 85 
610 160 
610 !60 

610 160 
320 R5 

6!0 160 

610 160 
320 85 
610 160 
210 55 
610 160 

!nO 

160 
85 

160 
55 

3.2 

Number of 
Containers 

503.3 
( 0) 

154.6 
(b) 

16.7 
N/A 
6.5 
2.1 

35.8 
(h) 

32.0 

130.2 
(b) 
0.7 

57.4 
1.1 

874.6 
(b) 
7.2 

57.4 

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

(b) The HLW generaterl resulting from TRUW proces~.ing is combined with the 
original HLW generated from the 1,500 t1TU/yr reprocessing. The size 
of the original HLW canister is increased (from 12.3 in. i .d. hy 120 
in. long to 15.5 in. i.rl. by 120 in. long) to accommodate this 
additional waste. Therefore the original numher of HLW canisters 
(657.9) does not change. 
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TARLE 7.7. Weights, VolufT1eS, and Containers of Treaterl TRUW from 
Suhoption 5R - !1axiTT~um Volume Reduction with necontar-
ination (hot pressing with solids to hecome RH TRU~J) a) 

• for 1,500 t1TU/yr Re rocessed(a) 
ac aged Nom1 na 

Waste Volu~e, Container Size Number of 
• THe m [ gal Containers 

Hulls LLW 373,3RO 305 o10 1oo 503.3 
RH TRllfl 33,033 9.2 o!O 160 15.2 

Hardware LLW R4,350 93.7 o10 1oo 15tn~ 
HLW 730 0,3 200 53 

Failed LLW 14,Rl0 10.1 o!O 1oo 1Y6) equipment HLW 129 0.05 200 53 
CH TRliW 4,R31 4.0 o10 too 6.5 
RH TRIIW I, 529 1.3 o!O Joo 2.1 

Fi Hers LLW 10,340 21.7 610 1oO 3M 
HLW 8,450 3.2 200 53 

Fluorinator LLW 30,Q70 19.4 o!O Joo 32 .o 
solids 

GPT-SAC LLW 7,460 78.9 o10 1oo 13?6} 
waste HLW 760 0.3 200 53 

CH TRUW 50o 0.4 o!O !nO 0.7 
RH TRUW 19,550 11.9 ?10 55 57.4 

780 o.o 610 !60 !.I 

Tot a 1 containers LLW 1oo R7M 
and I-IL\4 vo 1 ume HLW 3.8 53 

CH TRIJW 160 7.2 
RH TRUW 55 57.4 

Joo 18.4 

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

(b) The HLW generated resulting from TRUW processing is comhined with the 
original HLW generated/rom the 1,500 t1TU/yr reprocessing. It is 
assumed that the 3.R m of HLW generated from the TRUW processing can 
be added to the HU~ from the reprocessing without increasing the 
number of canisters or requiring that the canister size (12.3 in. 
i.rl. x 120 in. long) he increaserl. 
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7o6 OPTION 6- NONCOMBUSTIBLE FORMS (melting and cementing) 

The noncombustible waste form option involves melting most of the metals, 

shredding and burning the filters and the combustible parts of GPT-SAC waste 

(the metals in the GPT-SAC waste are removed prier to incineration and melted 

with the failed equipment), and cementing the ash and secondary wastes from 

incineration and fluorinator solids. This option is very similar to Option 4; 
the major differences are that the filters are cemented following incineration, 

the fluorinator solids are cemented, the plastic and rubber from the GPT-SAC 

waste are incinerated with the cellulose, and the scrubber solution residues 

from incineration are cemented. The process and equipment flow diagram is 

given in Figure 7.7. Process steps prior to and following those in Figure 7.7 

are shown in Figure 7.1. 

The hulls and hardware, failed equipment, and the metals from the GPT-SAC 

waste are melted in the same manner as the metals in Option 4. 

The filters and combustible GPT-SAC wastes are shredded in either a RH or 

CH shredder and are then incinerated in CH or RH Jatches in the same incinera­

tor. CH and RH batches of ash, scrubber residues, media, and metal frames are 

cemented in their respective batches in a single RH in-drum mixer, using the 

same cement recipe as in Option 3. The fluorinator solids are cemented at 30 

wt%, which results in LLW. The cemented waste is loaded at 90 val%. The 

packaged weights and volumes and container information for the noncombustible 

waste forms option are given in Table 7.8. 

7o7 SUMMARY OF WASTE QUANTITIES 

Table 7.9 summarizes the initial and final volumes of packaged waste in 

each treatment option. Also includen in this table are the volume reduction 

ratios, obtained by dividing the no treatment packaged volumes by the final 

packaged volumes in each treatment option. 

In Options 2, 4 and 6, volume reductions are achieved by concentrating the 

initial TRUW into a smaller volume by compaction, melting, or incineration and 
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FIGURE 7.7. Process and Equipment Flow Diagram for Option 6- Noncombustible Waste Forms{b) 

{a) These containers hold the TRUW collected and packaged at the reprocessing facility that have 
been inspected and assayed, as depicted in Figure 7.1. 

{b) This is the flow diagram representing Option 6 for the block titled "TRUW Treatment" in 
Figure 7 .1. Process steps prior to and following the above process steps are also depicted 
there. 



TARLE 7.8. Weights, Volumes, and Containers of Treated TRUW 
from Option 6 - Noncombustible Waste Forms 

Amount/~r for 1,500 MTU/~r Re~rocessed(a) 
LLW/HLW Net Packaged Nomina 1 

~Jaste CH TRUW Weight, Volu~e, Container Size Number of 
T e RH TRUW kg m L l@_1_ Containers 

Hulls and RH TRU\~ 486,000 92.3 610 160 !52,3 
hardware 

Failed CH TRUW 17,600 2.8 610 160 4,6 
equipment RH TRUW 3,600 0.6 610 160 1.0 

Filters CH TRUW 47,230 23.6 210 55 113.5 
RH TRUW 30,410 15 .2 210 55 7 3. 2 

Fluorinator LLW 30,970 57.4 610 160 94.6 
solids 

GPT-SAC waste CH TRUW 2,560 1.3 210 55 6.2 
1,220 0.2 610 160 0.3 

RH TRUW 4,410 2.4 210 55 II. 7 
3, 950 0.5 610 160 0.8 

Tot a 1 containers LLW 160 94,6 
CH TRUW 55 119.7 

160 4. 9 
RH TRUW 55 84.9 

160 154.1 

I a) Values are shown in more significant figures ·~han the accuracy of the data 
to maintain consistency of the calculations. 

I b l 657.9 containers/yr of 200-l HLW containers a1~e not shown. 

melting. This causes some of the wastes which are initially CH TRUW to become 

RH TRUW; this in turn causes the high volume reduction ratios for CH TRUW in 

Options 2 and 4. Therefore the CH TRUW is not only volume reduced, but the 

actual quantity of CH TRUW is also reduced. 

In Option 6, cementing is also employed, which provides some shielding, so 

some of the RH TRUW becomes CH TRUW. Thus in Options 3 and 6, the volume 

reduction ratios for CH TRUW are not very high because some of the RH TRUW has 

been reclassified as CH TRUW. 
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Tot a 1 
70,000 11TU Basis 

'-'•Jlls and Hardware Failed Eguipment Filters ~luorinator Solids GPT -SAC Waste Total 1,500 MTU Packaqed Volume, 
RH TRUW Packaged Volu~, m3 Packaged Volume, m3 Packaged Volume, m3 Packaged Volume, m3 Packaged Volume, m3 Packaged Volume, m3 m3 
CH TRUW 

Ootion LLW/HLW v, v, 'I /'I (b) v, v, v,;v,lbl v, v, v /V I b l 
0 f 0 f v, v, v,;v,lbl v, v, v,;v,lbl v, v, v,;v,lbl v, v, 

---- ---- ---- ---- ---- --- --
1. No treatment CH TRUW 0 0 0 23.6 23.6 1.0 347.CJ 347.Q 1.0 0 0 0 112.3 112.3 1.0 483.8 483.8 1.0 22,580 22,580 

RH TRUW 681.3 5R1.3 1.0 o.l g .1 1.0 140.2 140.2 1.0 19.4 19.4 1.0 125.2 125.2 1.0 975.1 975.1 1.0 45,500 45,500 

2. t~i ni mum CH TRUW 0 0 0 23.6 13.?. 1.8 347 .CJ 16.Q 20.6 n 0 0 112.3 25.1 4.5 483.8 55.2 8.8 22,580 2,5RO 
t reatnent RH TRUW 681.3 212.6 3 .2 g .1 4.2 2.2 140.2 24.2 5.8 1CJ.4 19.4 1.0 125.2 39.3 3.2 975.1 299.6 3.3 45,500 13.980 

3. MinifT!UI!l CH TRUW 0 0 0 23.0 26.0 o.o 347.Q 27.3 . 12.7 0 0 0 112.3 35.5 3.2 483.8 88.8 5.4 22,580 22.580 
number of RH TRUW 681.3 779.0 0.9 g .1 6.8 1.3 140.2 26.8 5 .3 19.4 0 N/A 125.2 43.1 2.9 975.1 855.7 1.1 45,500 39,CJ30 
processes 
and products 

•• ~~aximum volume CH TRUW 0 0 0 23.6 2.8 8.4 347.Q 2.4 145 n 0 0 112.3 2.2 51 483.8 7.4 65.0 22,580 340 
reduction RH TRUW 681 .3 92.3 7.4 9.1 0.6 15.0 140.2 2.2 64 19.4 9.4 2.1 125.2 3 .4 37 975.1 107.9 9.0 45,500 5,040 
without 
iecontamination 

SA. t~aximum volume CH TRUW n 0 0 23.6 4.0 s.o 347.9 0 N/A 0 0 0 112.3 0.4 281.0 483.8 4.4 110.0 22,580 200 
reduction with RH (RjW 681.3 0 S/A g .1 1.3 7.0 140.2 0 N/A 19.4 0 N/A 125.2 12.5 10.0 975.1 13.8 71.0 45,500 640 
decontamination LLW c n 398.7 N/A 0 10.1 N/A N/A 21.7 N/A ' 19.4 N/A 0 78.9 N/A 0 528.8 0 0 24,880 HLwlcl 0 75.7 N/A 0 0.05 N/A N/A 3 .2 N/A 0 0 0 0 0.3 N/A 0 79.2 0 0 3,700 

58. t~aximuM volume CH TRUW 0 0 0 23.6 4.0 N/A 347.CJ 0 ~/A 0 0 0 112.3 0.4 281.0 483.8 4.4 110.0 22,580 200 
reduction with RH TRjW 681.3 o.2 74 .o 9.1 1.3 N/A 140.2 0 'VA 19.4 0 N/A 125.2 12.5 10.0 975 .1 23.0 42.0 45,500 1,0CJO 
1econtamination LLW c 0 398.7 N/A 0 10 .1 0 0 21.7 0 0 19.4 0 0 78.9 0 0 528.8 0 n 24,680 

HLW(c) .) 0.3 ~/A 0 0.05 0 n 3.2 0 0 0 0 0 0.3 0 0 3.8 '1/A 0 180 

6. ~oncombustible CH TRUW 0 0 0 23.6 2.R R.4 347.q n.li 15.0 0 0 0 112.3 1.5 75.0 483.8 27.9 17.0 22,580 1,300 
waste for111s RH (RjW M1.3 92.3 7.4 g .1 0.6 15.0 140.2 15.2 9.2 19.4 0 N/A 125 .2 2 .9 43.0 975 .1 111.0 8.8 45,500 5 ,lRO 

LLW c n 0 0 0 0 0 0 0 0 0 57.4 N/A 0 0 0 0 57.4 N/A 0 2,6RO 

I a I Values are shown in more significant figures than the accuracy of the data to maintain consistency of the calculations. 
I b I V0/Vf is defined as initial packaged volume divided by the final packaged volume. If the final packaged volume is zero with a finite initial packaged volume, 

this implies that the waste type was converted to another waste form \esulting in V0/0, or infinity. If the initial packaged volume is zero with a finite final 
volull'le. then a waste form was created, or 0/Vf• In both of these cases, "Nonapplicable" (~/A) is indicated under V0/Vf• 

TABLE 7.9. Initial anrl Final Volumes from Pack?~irl ~/aste 
of Each TRIJW Waste Treatment Option 

7.~1 





The volume reduction ratios in Option 5 do not describe the change in 

waste volume very effectively, since much of the original TRUW is not processed 

into another form of TRUW but instead is decontaminated to produce LLW and HLW 

(in Suboption 5~) or decontaminated to produce LLW and TRUW (in Suboption 5B). 

Thus the significant reduction in the quantity of TRUW in these subsections is 

somewhat misleading, since most of the TRUW is converted to HLW or LLW. 

The greatest volume reduction ratios are attained in Option 4 (volume 
reduction ratios are 66.0 for CH TRUW and 9.0 for RH TRUW) and in Option 6 

(volume reduction ratios are 17.3 for CH TRUW, 8.8 for RH TRUW, plus 57.3 m3 of 

LLW that cannot be included in the volume reduction ratio because there is no 

LLW in Option 1 with which to compare it}. 

Table 7.10 summarizes the final number of containers holding treated TRUW, 

the increase in the number of cans of LLW, and the increase in volume of HLW. 
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Option 

1. Clo treatment 

RH TRUW 
CH TRUW 

LLW/HLW 

CH TRUW 
ll:H TRUW 

? Minimum CH TRUW 
treatment RH TRLJW 

3. Mini.,um number CH TRLJW 
0f processes RH TRUW 
~nd pro<!ucts 

4. Maxi mum vo 1 ume CH TRUW 
reduction RH TRUW 
without 
decontamination 

5. Maximur'l volume 
reduction with 
1econtami Mt ion 

CH TRLJW 
RH TRUW 

LUI(d) 
KLW 

CK TRUW 
RH TRUW 
LLW 
'iLW(e) 

li. Noncombustihle CH TRUW 
waste forms RH TRUW 

LLW 

Hulls aml Har~ware 
Number of Cans HLW 
~~ Volume Volume, 

,3 

0 301} 
0 0 

0 3 
350.5 ~ 

0 •3 
0 343 

0 0 
152.3 a 

11/A(ti) 
N/A 

'lA 
'lA 

'lA 
II/A 

'lA 
'lA 

Suhoption A 

0 
0 

657.9 
0 

0 
15.2 

l:i57 .'l 
0 

0 
152.3 

0 

0 
0 
0 
0 

N/A 
'lA 
'lA 
75.7 

Suboption R 

0 
0 
0 
0 

0 
0 
0 

N/A 
N/A 
'lA 
0.3 

'I' 'lA 
'/A 

Failerl Equipment 
Number of Cans HUO 

~e. £L Volum Volume, 
,3 

" 0 
0 
0 

0 '?l.S 
() li.'l 

70 0 
0 0 

0 4.6 
0 0.9 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 

<.S 
~ .1 

16.7 
0 

s.s 
2.1 

16.7 
0 

9.5 
1.0 

0 

4 ~/A 
4 N/A 

0 'l/A 
n '1/A 

0 'l/A 
fl N/A 

f1 N/A 
0 N/A 

0 
0 
0 
0 

'I' 'lA 
'lA 
fl.OS 

I'J N/A 
0 N/A 
'l N/A 
o n .05 

() N/A 
0 N/A 
0 N/A 

' ss 
;o 

0 

0 
0 

131.4 
129.6 

0 
0 

0 
0 
0 
0 

,) 

0 
0 
0 

ll1.5 
73.2 

0 

Filters 
~umber of Cans 
Can Size, 2al 

flO 160 

1,114 0 
133 0 

o n.9 
0 3'1 .'l 

0 0 
0 0 

n J,q 
() 1.7 

0 
0 
0 
0 

0 
0 

35.8 
0 

0 0 
0 0 
n 35.8 
0 0 

0 
0 
n 

0 
0 
0 

"0 

0 
44 

0 
0 

0 
0 

0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 

KL' 
'Jolume, 

,J 

'lA 
~!A 

'lA 
'lA 

N/A 
N/A 

'lA 
'lA 

'lA 
~/A 
N/A 
3.2 

'I' 9/A 
N/A 
3.2 

'1/A 
N/A 
'1/A 

(a) Values are shoom in more significant figures than the accuracy of the data to maintain consistency of calculations. 
(b) Not applicable: the lilW volume colu!'1n only applies to the volurn<'! increase of lil'" resulting from the treat!'lent optio'l. 
(c) Fluorinator solids are included in filters and GPT~SAC waste total. 

fluorinator Solids 
Number of Cans 
Can SJZe, gal 

55 160 

0 0 
93 0 

0 
93 

ole) 
o(c) 

0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 

0 
0 

0 
0 

0 
15.5 

0 
0 

32.0 
0 

0 
0 

32.0 
0 

0 
0 

94.1i 

GPT ~SAC Waste 
~umber of Cans ALW 
Can SHe, gal Volume, 

55 160 liOO m3 

S<O 
198 

0 
0 

170.5 
207.5 

0 
0 

0 
57.4 

0 
0 

0 
57.4 

0 
0 

5.2 
11.7 

0 

0 0 
0 37 

41.5 0 
li4.1l 0 

0 0 
0 0 

3. 7 0 
5.6 0 

0.7 
1 .1 

130.2 
0 

0 
0 
0 
0 

11,7 0 
l.l 0 

130.2 0 
0 0 

0.3 0 
0.8 11 

0 0 

'lA 
'/A 

'I' 'lA 

'lA 
N/A 

'lA 
N/A 

'lA 
'lA 
N/A 
0.3 

'lA 
'lA 
'lA 
0 

'lA 
N/A 
'lA 

S5 

660 
191 

0 
93 

371.9 
33'i .1 

0 
0 

0 
57.4 

0 
0 

n 
57.4 

0 
0 .OJ 

119.7 
84.9 

0 

(d) The HUO generated in the TRUW processing is comhined wit~ the original HLW generated from the 1.500 !1TU/yr reprocessing. The fliameter of the original HLW canister is 
increased to accommodate this additional waste. The HLW from this option is packaged in an increased tliameter liLW canister with a volume of 320 L. compared to 200 l for the 
reference lilW canister. 

(e) The HLW generated in the TRUW processing is combinerl with the original HLW generated from 1,50fl r.,TU/yr reprocessing. It is assumed that the additional 3,8 m3 of liLW generaterl 
from the TRUW processing can be adrled to the HLW from the reprocessing without increasing the number of canisters. The HL'~ from this option is packed in the 657,9 original 
HUI canisters with a volume of 200 l (53 gal), for a net increase of 2.8'1: in fllW glass volume. 

Total 150() MTU ~asis 
'lumber of Cans HLW 

Can STZe, gal Volurre, 

'lO 160 600 m3 

1,114 0 4 ~UA 

!33 0 385 N/A 

0 
0 

0 
0 

0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 

'11.2 11 
4fi~ .1 0 

0 0 
0 351 

12.2 () 
17fl 0 

) .2 
3.2 

872.6 
0 

7.2 
1A.4 

ll72.fi 
0 

4.9 
154.1 

94.6 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 

N/4 
N/A 

~/A 
N/4 

N/A 
9/A 

N/A 
9/A 
9/A 
79.2 

'lA 
'lA 
'lA 
3.8 

N I A 
'lA 
91A 

Total 70,000 MTU Basis 
Number of Cans x 1,800 HLW 

Can S1le, gal Volume. 

55 fl() 160 .;no m3 

30.1'! 
l3.1i 

0 
4.3 

17.4 
15.1 

0 
0 

0 
2.7 

0 
0 

0 
2.7 

·3 ,, 
S.< 
4.0 

0 

52,() 

'-' 
0 
0 

0 4.3 
0 21.6 

0 0 
0 0 

0 0.6 
0 8.3 

0 
0 
0 
0 

0.3 
0.1 

4(), 7 
0 

() ~.3 
() ().CJ 
() 4n. 7 
0 0 

0 
0 
0 

n.? 
7. 2 
4.A 

0.2 'l/A 
13.0 'i/~ 

·1 N/A 
0 N/A 

0 'l/A 
16.4 'l/A 

0 N/A 
J 'l/A 

0 

0 
0 
0 

0 
0 
0 
0 

0 ,, 
0 

'lA 
'lA 
N/4 
3.694 

N/A 
N/A 
'/A 
177 

'I' ~/A 

'I' 

TARLE 7.10. NuMber of Canisters/Orums ProduTe1 
from ~ach T~UW TrPatment Opt; on a 
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8.0 COST CONS!OER~TIONS 

High-spot cost estimates were performed for each TRUW treatment option. 
The costs were estimated for constructing and operating the TRUW treatment and 

associated service facility beyond what currently exists at the BNFP reproces­

sing plant, for transporting the treated waste to a disposal site, for the 

disposal of the treated TRU~J and incremental HLW at a repository, and for the 

disposal of incremental LLW at a LLW disposal site. Costs for R&D, selection 

and development of the repository, and decommissioning of the treatment 

facilities and the repository were not included. The costs presented are in 

mid-1983 dollars on an undiscounted basis. These estimates were used to 

evaluate the cost-effectiveness of the six TRUW treatment options. 

This section describes the results of these cost analyses. Supporting 

data for the cost analyses are presented in Appendix D. 

8.1 COST OF TRU~I TREATMENT FACILITIES 

The capital and operating costs were estimated for the TRUW treatment 

facilities for each strategy option studied. It was assumed that two commer­

cial fuel reprocessing facilities would exist to supply the HLW and TRUW for a 

repository containing 70,000 MTU equivalent of wastes. Each reprocessing plant 

was assumed to have the capacity to process 1,500 MTU/yr, for a total of 35,000 

MTU during its lifetime. 

8.1.1 Capital Costs for TRUW Treat~ent Facilities 

The capital costs include the cost of constructing the facility and asso­

ciated service areas, and the installed cost of the equipment to process the 

wastes. The cost estimates for this study are based on the cost analyses from 

a related study (McKee et al. 1984), where applicable. When estimates were not 

available, they were approximated by the authors based on the costs for 

treatment systems in the McKee et al. (1984) study, taking into account the 

physical size and processing capacity of the equipment, the cell space 

required, and the complexity of the process • 

8.1 



It is assumed that a high-level liquid waste (HLLW) vitrification facility 
and lag storage facilities for HLW and 6 months 1 production of TRUW (both 

before and after treatment) exist for each of the strategies studied. The cost 

estimates reflect the fact that the post-treatment TRUW lag storage facility 
needs are affected by the volume reduction achieved in treating the TRUW. 

The capital costs for the HLLW waste vitrification, storage, waste assay, 
compaction, incineration, and melting operations are taken directly from the 
McKee study and adjusted slightly to reflect the processing quantities used in 

this report. For the other operations, a consensus was reached for capital 
casts based on the authors 1 knowledge of similar operations relative to the 

estimates in the McKee study. Table 8.1 lists amortized capital costs based on 
1,500 MTU and 70,000 MTU reprocessed for two reprocessing plants. Details of 

the capital costs are given in Appendix D. 

The reprocessing plants and their treatment facilities are assumed to be 

privately owned. The amortized capital costs including an allowance for 
profit, taxes, and startup costs are based on a commercial facility and are 
assumed to be 25% of the initial total capital cost per year for the life of 

the plant. 

TABLE 8.1. Amortized Capital Costs for the Six TRUW Treatment Options(a) 

Waste Type 
TRUW 

HLW 

Total 

MTU 
Basis 
1,500 

1,500 

TRUW 70,000 

HLW 70,000 

Total 

1 

16.5 

42.4 

58.9 

770 

1,980 

2. 750 

Cost 
2 1 

24.4 26.8 

42.4 42.4 

66.8 69.2 

1,140 1,250 

1 '980 I, 980 

3,120 3,230 

bt O~tion, $M 
5A 58 6 ---

37.1 42.4 49.9 37.5 

42.4 49.9 42.4 42.4 

79.5 92.3 92.3 79.9 

1,730 1,980 2,330 1' 7 50 

_!_, 980 2,330 1,980 1,980 

3,710 4,310 4,310 3, 730 

(a) Values are shown in more significant figures than the accuracy of the 
data to maintain consistency of the calculations. 
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8.1.2 Operating Costs for TRUW Treatment Facilities 

The operating costs were taken from the f1cKee study when available. The 

• operating costs not available in the McKee study were approximated by the 

authors. The operating cost was assumed to include labor, utilities, and con­

sumable materials. The cost of purchasing containers to package the waste was 
• 

• 

• 

estimated separately to give a total operating cost. 

The operating costs available from the ~kKee study were adjusted to 

reflect the quantities of processed waste in this study. The operating costs 

approximated hy the authors were assumed to he a fraction of the capital 

costs. The fractions userl were derived from an analysis of the costs in 

OOE/ET-0028 (li.S. OOE 1979). The fractions vary somewhat, rlepenrling on the 

type of operation. 

The operating costs 

netails of the operating costs are given in Appendix ~. 

for each option are given in Table R.?.. 

TABLE B.2. Operating Costs for the Six TRU~l Treatment Options(a) 

Waste Type 

TRUW 

HLW 

Total 

rnu 
Basis 

1,500 

1,500 

TRUW 70,000 

HLW 70,000 

Total 

! 
9.8 

11.1 

20.9 

460 

520 

980 

Cost 
2 3 

n.9 n.J 

11.1 11.1 

18.0 17.2 

320 280 

520 520 

840 ROO 

bl O~tion, 1r1 
5~ 5R 

10.1 12.n !4.n 

11.1 13.4 11.1 

21.2 26.0 25.7 

470 590 680 

520 620 520 

990 I, 210 1,200 

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

8.1.1 Summary of TRUW Treatment Facility Costs 

~ 

9.5 

11.1 

20.6 

440 

520 

9no 

The life-cycle capital charges and operating costs (excluding decommis­

sioning costs) for two 1,500 f1TU/yr reprocessing facilities processing a total 

of 70,000 rnu are shown for each treatment option in Table 8.1 . 
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TABLE 8.3. Summary of TRUW Facility Amortized Capit~l)and Operating 
Costs for the Six TRUW Treatment Options a 

MTU Cost bt O~tion, $M 
Waste Type Basis 1 2 3 5il 5B 6 ---

TRUW 1,500 26.3 31.3 32.9 4 7. 2 55.0 64.5 47.0 

HLW 1,500 53.5 53.5 53.5 53.5 63.3 53.5 53.5 --
Total 79.8 84.8 86.4 100.7 118.3 118.0 100.5 

TRUW 70,000 1,230 1,460 1,540 2,200 2,570 3,010 2,190 

HLW 70,000 2,500 2, 500 2,500 I,5oo 2,950 2,500 2,500 

Total 3,730 3, 960 4,040 4,700 5,520 5,510 4,690 

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

8.2 TRANSPORTATION COSTS 

The processed TRUW and HLW are assumed to be shipped by railcar to a 

commercial repository 2,000 miles from the waste processing facility. Simi­

larly, the LLW resulting from decontamination or dilution is to be transported 

by truck to a commercial LLW disposal site in the eastern U.S., 300 miles from 

the waste processing facility. Transportation is to be provided by private 

industry. 

The transportation cost for TRUW and HLW consists of a cask-leasing fee 
and general freight charges (including security if required). Except for the 

shipment of the waste in 160-gal containers (see footnote (c) on Table 0.5), 
the cask leasing fee is taken directly from the McKee study. The freight 

charges were derived from information provided by McNair et al. (1984). The 
cost of transporting the LLW is based on information in OOE/LLW-6Td (EG&G 

Idaho, Inc. 1983). 

The transportation costs for TRUW, LLW, and HLW are given in Table 8.4, 

based on 1,500 MTU/yr reprocessed and on 70,000 MTU total fuel reprocessed from 

two reprocessing plants. See Appendix 0 for details of the transportation 

costs. 

8.4 
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TABLE R.4. Transportation Costs for the Six TRUW Treatment Options(•) 

tnu Cost hy Option, $tl 
Waste Type Ras is 1 2 3 4 5 5R 

TRIJW 1,500 30.1 n.s ~n.1 2.n 0.2 0,4 

LLW 1,snn 0 0 0 0 0.9 o. 9 

HLW 1,500 n.7 fi. 7 fi. 7 fi. 7 11.5 n. 7 -- --
Total 36.R 13." 33.0 9.3 12.6 R,O 

TRIJW 70,000 1,400 3~0 1,:>30 120 10 20 

LLW 70,000 0 0 0 0 40 40 

HLW 70,000 310 310 310 310 540 310 --
Total 1, 710 n30 1,540 430 590 370 

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

8.3 DISPOSAL COSTS 

fi 

2.45 

0.04 

fi.7 

9.2 

llO 

2 

310 

420 

The disposal costs for TRUW and HLW were estimated using the RECON reposi­

tory cost morlel (Clark et al. 1QR3), which calculates the life-cycle construc­

tion, operating, and decommissioninq costs of geologic repositories. The 

repository used is haserl on the 1QR3 reference design concept for BWIP (Kaiser 

Engineers Inc./Parsons, Rrinkerhoff, Quade, and Douglas, Inc. 1983). The 

repository is assumed to have the capacity to accept the 70,000 ~1TU of repro­

cessed waste used as the basis in this study. It was also assumed that the 

RH TRUH anrl HLW woulrl he remotely placed into horizontal boreholes in the walls 

of the underground tunnels, and that the CH TRUW would be co-emplaced with the 

HLW with long-lived overpacks. The computer model includes all costs for 

repository design, surface anrl su bsu rf ace canst ruction anrl excavation, back­

filling, sealing, and decommissioning; anrl operating costs for waste receipt, 

package transport, and emplacement. Recause the repository disposal costs are 

related to the relative amounts of the different types of wastes received, the 

repository costs were calculated based on the amounts of each waste type and 

the canister sizes for each treatment option in this study (see Table 7.q). 
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The life-cycle disposal costs generated hy RECON are given in Table R.5, 

as well as the LLW disposal costs for LLW generated in Options 5 and 0. It 

should be noted that as the TRUW volumes decrease, the TRUW disposal costs also 

decrease. However, the HLW costs increase, since facility costs are shifted to 

HLW. Thus it is important to consider total HLW and TRU~/ costs when estimating 

TRUW disposal costs. 

The LLW costs are based on the Rarnwell LLW rlisposal facility rate sched­

ule (see Appendix E). Additional details of the disposal cost calculations are 
given in Appendix D. 

TABLE 8.5. Disposal Costs for the Six TRUw Treatment Options(•) 

Waste Type 

TRUW 

LLW 

11TII 
Basis 

1,500 

1,500 

1,500 

I 
47.6 

0 

56.6 

Cost 
2 3 

31.1 39.6 

o 0 

59.8 59.6 

by n~tion, $11 
5~ 5B ---

lL' .0 4.1 4.1 

o 11.6 11.6 

64.5 68.8 67.7 

6 

13.5 

0.07 

63.7 HLW 

Total 
--

104 91 99 n 85 83 

TRUW 70,000 ~.230 1,450 1 ,A 50 590 190 190 

LLW 70,000 0 0 0 o 540 540 

HLI~ 70,000 2,640 2,790 2, 770 3,010 3,210 3,160 

Total 4,870 4,240 4,620 3,600 3,940 3,R90 

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

8.4 TOTAL LIFE-CYCLE COSTS 

77 

630 

3 

2,970 

3,600 

The total life-cycle costs (exclusive of decomissioning and any RRcO costs) 

for management of TRUW, HLW, and LLW from the six TRUW treatment options are 

given in Table R.6. These values are taken from Tahles R.3, R.4 and R.5. 

R.6 
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TABLE 8.6. Total Life-Cycle Cost for Management of TRUW, HLW, and LLw(a) 

Life-Cycle Costs by Option, $M/70,000 MTO(b) 
Cost Category 1 2 3 4 5A 5B 6 

Treatment facility TRUW 1,230 1,460 1,540 2,200 2,570 3,010 2,190 

HLW 2,500 2,500 2,500 2,500 2,950 2,500 2,500 

Subtotal 3,730 3,960 4,040 4,700 5,520 5,510 4,690 

Transportation TRUW 1,400 320 1,230 120 10 20 110 

LLW 0 0 0 0 40 40 2 

HLW 310 310 310 310 540 310 310 -- ------
Subtota 1 1, 710 630 1, 540 430 590 370 420 

:._, Disposal TROW 2,230 1,450 1,850 590 190 190 630 

LLW 0 0 0 0 540 540 3 

HLW 2,640 2,790 2,770 3,010 3,210 3,160 2,970 

Subtotal 4,870 4,240 4,620 3,600 3,940 3,890 3,600 

Total cost TROW 4,860 3,230 4,620 2,910 2,770 3,220 2,830 

LLW U U 0 0 580 580 5 

HLW 5,450 5,600 5,580 5,820 6,700 2.,_970 5,780 

Grand total cost 10,310 8,830 10,200 8,730 10,050 9,770 8,620 

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

(b) Life-cycle cost= (cost based on 1,500 MTU) x (70,000 rqT0/1,500 MTO). 
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9. n COtiPAR I SON OF TREAHIENT STRATEGIES 

The primary emphasis of this sturly is the selection and evaluation of 

potential treatment methods for TRUW. Waste l"lanagement system cost analyses of 

the selected options were provirled in Section R. The factors of waste accep­

tance at the repository and the process and operational characteristics are 

rliscusserl and compared in this section. Following the rliscussions of these two 

factors, a summary anrl comparison of the various treatment options are 

presentec1. 

9. I WASTE FORti CHARACTERISTICS 

The general requirements for the waste forms were reviewerl in Section 4 in 

conjunction with the regul ator.Y requirements for waste rli spas a 1. It was recog­

nizec1 that the final rlisposal methorl for TRlM has not heen estahlishecl, 

although geologic rlisposal is assumerl in this sturly. Also, the absolute 

acceptability of a waste for rlisposal cannot he staten with certainty, since 

cletailerl waste form requirements have yet to he estahlishecl. Obviously, the 

better the properties of the waste form, the greater the likelihoocl of its 

being consirlererl acceptable for disposal. 

From the analysis in Section 4, it can he notecl that the waste form may be 

requirerl to have specific characteristics, particularly for cleep geologic dis­

posal. The characteristics from Table 4.1, which can be controlled by waste 

form selection, are compared in Table q.l. Several factors presented in 

Table 4.1 are similar and are thus considered together in Table 9.1. For 
example, solubility, leach rate, anrl release rate (from the near field at the 

repository) are all measures of chemical rlurability that are includerl in 

Table q.1 under "Release Rate." The following are considerations for the 

qualitative evaluations in Table g.1. 

• Combustible materials are present in as-generated wastes and are less 

combustible (and will not propagate a flame front) when mixed with 

cement. Incineration removes all combustible anrl hiorlegradahle mate­

rial from the waste. 

9.1 



TABLE 9.1. Comparison of Likely Waste Form Characteristics for the 
Six TRUW Treatment Options. with Potential Requirements 

Pvronhor i c r,;>JS 

r;Of11hustlhle Pi'lrticul;ltes Free Liauid l~ater i nl 
Treat"'en-t ont ion ~1i'lter i <'II PrAsAnt PrAsen* Present Present 

I • No treatr<~An"t y_, Ye' <n Possihle 
( hu I Is) 

'· Ml n lmuro~ treatr<lent Ye' Ye' No Llkelv 
(hu I I 
fines) 

'· Mlni"'um number orocesses Yes, bot No Not I ikelv nitute~ 

cemented 

'· Max I mum volume reduction s I ioht <o <o No 
without decontar<~ination 

'· Maximum volume reduct ion 51 iaht s I i a hi' No Treated 
with decontamination 

'· Nonc0111bustlble waste forms None No No <o 

GeneratIon 
Llkelv 

Possible 

Possible 

Possible 

No 

No 

No 

Subject to 
Rlodenradation 

Possible 

Possihle 

Rer1uced 
ootentlal 

No 

No 

No 

Structur;:,l 
'iti'lbi I itv 

None 

Poor 

Goorl 

Most forms 

r.ood 

void 
Soaces 
Present Release· Rate 

Yes Saffle terms 
have hioh 
ootential 
relei!lse 

Some terms 

Radiation 
Res I stanc<'~ 

Probab I v 
ooor 

Probabl v 
have hioh ooor 

No 

No 

<;ome 

9.2 

ootentlal 
rei ense 

Hiah nH 
wi II reduce 
act! nine 
release rates 

Prohi'lhlv 
fair 

Gener1'111v 
ooon 

Good 

Good 
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o Particulates wi 11 be present in severa 1 wastes, such as fl uori nat or 

fines and cladding hulls, unless immobilized. Particulates have high 

surface areas that tenrl to increase the release potential. 

o No liquids are anticipated as a direct waste stream. A poorly pre­

pared cement mixture, however, may have excess water after curing 

(the free liquid could be userl for subsequent cementing batches). 

Ouality control checks should detect and prevent free liquid from 

being shipped. 

o Cladding hull fines can be pyrophoric under certain conditions, and 

crushing of the hulls may generate additional fines. l)iluting the 

hulls with cement should reduce the pyrophoric tendency, and forming 

metal billets should eliminate any pyrophoric potential. 

o Gas generation May he detrimental in contributing to release during 

storage and disposal. Radiolysis of organics and water in cement is 

a potential source of gas generation. 

o Low bulk density materials do not have structural stability without a 

supporting canister. Structural stability for ahout the first 

100 years (during the emplacement and potential retrievahility period 

at the repository) May he important to prevent breaching of the over­

burden ahove a repository. However, over the long term at the depth 

of a deep geologic repository, the potential for breaching the over­

burden resulting from collapse of the waste is negligible, and subsi­

dence of the overburden is probably not a major concern. 

o Structural sta~ility is generally improved with lower void space. 

However, as stated above, the importance of structural stability over 

the long term f'llay or May not he important. 

o The release rates from most of these waste forms have not ~een mea­

sured, even in comparison with HLW forms. Therefore, it is difficult 

to judge whether the materials could meet the stringent 10 CFR no 

{U.S. NR.C 1QR3) release rate requirement of less than 1 part in 

100, non per year, a 1 though some cornpa rison of TRml forms has been 

carle (Ross et al. !QB\). 

Q. 3 



o Radiation resistance is a consideration for maintenance of structural 

stability and for possihle gas generation from radiolysis. Some of 

the forms have not been well characterized for these properties, and 

future development will need to emphasize waste form testing along 

with process development (Roberts lqRl). The expected waste form 

performance given in Tahle q.1 takes these considerations into 

account. 

As might be anticipated, waste forms from Option 1 (no treatment) and 

Option 2 (minimum treatment) have the greatest potential for heing unacceptable 

for deep geologic repository disposal. The major concerns are with 1) hull 

fines, which may he reactive and pyrophoric; 2) comhustihle materials, which 

are subject to biodegradation, gas generation, and fire; 3) particulate mater­

ial, which has the potential for higher releases of radioactivity, particularly 

during accidents with canister failure; and 4) high potential radionuclide 

release rates. High-integrity canisters may provide an intermediate-term solu­

tion for all of these concerns. 

Option 3 (minimum number of processes and products) involves cementing all 

of the wastes and thus reduces the potential waste form concerns identified 

above, hut it does not completely eliminate them. Additional testing and char­

acterization would appear to be necessary should this option be selected. 

Option 4 (maximum volume reduction without decontamination) produces gen­

erally good waste form properties. The remaining concerns result from the 

residual quantities of organic materials from the treatment of SAC wastes. 

Possible alternative treatments of SAC wastes are noted in other options. 

Option 5 (maximum volume reduction with decontamination) presents concerns 

from the recognition that decontamination of all the material may not be pos­

sible, which could leave some material unchanged from its as-generated 

condition. 

Option 0 (noncombustible waste forms) results in waste forms wit~ the most 

favorable characteristics. This is primarily because of the limitations noted 

for treating GPT and SAC wastes noted for Options 4 and 5. 
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9., PROCESSING CHARACTERISTICS 

The processing 

aterl qualitatively. 

gories of 1) process 

system, 3) status of 

characteristics for each treatment option have heen evalu­

Characteristics have heen evaluated in the four suhcate­

and operational safety, ~) complexity of the treatment 

techno 1 ogy, and 4) f1 exi hi 1 i ty of the processes. These 

evaluations are given in the following subsections. 

q.~.l Process and Operational Safety 

The safety of the treatment methods concerns the risk to operational staff 

and the puhlic from the process operations, anrl includes consideration of 

inherent accirlent potential with respect to chemicals, fire or explosions, 

mechanical operations, electrical accidents, and radiochemical releases. All 

of the processes would be safe when implemented, hut some inherent safety con­

cerns require that additional safety provisions he incorporated into the design 

and operational procedures. Detailed risk analyses, which are heyond the scope 

of this study, would he required to quantify the relative safety of the rliffer­

ent processes. 

Chemical hazarrls are rletermined hased on the use of hazardous materials 

and the recognition that handling such materials (e.g., acirls, hases, or toxic 

materials) can present accident potential to personnel. However, the processes 

selected for this study generally do not require the use of these agents; thus 

all options have low chemical hazards. In Option 5, cryogenic cracking of the 

clarlding hulls would require the use of liquid nitrogen, which requires some 

care to avoid freezing or gas pressurization. 

Fire or explosion hazards are related to the generation of hull fines, the 

handling of organic and combustible materials, and the use of high temperature 
operations. 

t1echanical hazards are a concern where operating personnel are in the 

proximity of mechanical equipment and where hiqh pressures are used. 

Electrical hazards are approximately a function of the amount of electri­

cally powered equipment userl. Electrical power is likely to he handled safely, 

and thus none of the options would likely pose a major hazard to operating 

personnel. 



Radiochemical release is related to the nee•1 to handle radioactive mate­

rials and to treat off gases from the processes, particularly the processes at 

high temperatures, which have a higher potential for volatilization of radio­

nuclides. For example, metal melting may pose a volatilization concern because 

tritium in the cladding hulls will he partially or totally volatilized during 

melting and will need to he captured in the off-qas system. 

The qualitative evaluation of the process and operational 

marized in Column 2 of Table 9.2. A review of Table 9.2 shows 
safety is sum­
that the simpler 

the treatment system, the lower the potential hazard. Options 1, 2, and 3 

appear to have the most inherent process and operational safety. (However, it 

should he noted again that the evaluations in Ta~le 9.2 are relative, and all 

of the processes would pose a low risk as implementer!.) Additional details on 

development of the evaluation are given in Appendix F. 

9.2.2 Complexity of the Treatment System 

The complexity of the treatment system can he qualitatively estimated hy 

the number of treatment processes and the number of steps in each process. (In 

addition, the more complex the treatment, the greater the cost of process 

equipment, facility space and operations, as identified in Section R). 

The results of the qualitative evaluation of treatment system complexity 

are summarized in Column 3 of Table 9.2. The table shows that the more com­

plete treatment options (i.e., Options 4, 5, anrl fl) involve more co!llplex treat­

ment systems. Additional details of the evaluation of system complexity are 
given in Appendix F. 

9.2.3 Status of Technology 

The status of technology is important in selecting treatment strategies. 

The time required for implementation of the technology, the cost of R&n, and 

the availability and experience in design and operation of treatment systems 

are all related to the status of technology. These factors were estimated 

qualititatively in this study, and the overall status of technology was identi­

fied hy classification of the development stage of the major process steps. It 

should be recognized that mast of these technologies have heen developed for 

other types of radioactive waste, particularly rlefense TR\M and LLI,J. 

• 
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Overall Qualitative Comparison of P(rocessing 
for the Six TRUW Treatment Options a) 

Characteristics 

Treatment Option 

I, No treatment 

2, Minimum treatmer~t 

3, Minimum number 
of processes 
and products 

4, Maximum volume 
reduction without 
decontamination 

5. Maximum volume 
reduction with 
decontamination 

6, Noncombustible 
waste forms 

Process and 
Operation a I Process Status of Process 

Safety Simplicity TectHlolo~w Flexibility Overall(b) 

Very qood Very qood Very qood Very qood Very good 

Good Good Very qood Good Good + 

Good Good Very qood Good Good + 

Fair Moderate Moderate Fair Fair + 

Moderate Fair Fair Fair Fair 

Moderate Moderate Good Good Good 

(a) The relative ratinqs are from very (10od (the roost favorable) to fair (the least 
favorable in the group). No attempt was made to weiqht the four cateqories. 

(b) A"+" indicates that the relative rating falls between that indicated and the 
next highest ratinCJ. 

Development of technology can he expected to continue for both rlefense TRlJW anrl 

commercial LLW. reducing the amount of technology rleve 1 opment necessary for 

commercia 1 TRlJW. Timing does not current 1 y appear to he a major concern 

because of the delay in the implementation of reprocessing in the commercial 

nuclear fuel cycle. The cost for R~n. while significant. can he expected to he 

small (in the range of a few tens of millions of rlollars) compared to the 

potential savings from implementation of the technology (up to 1.7 hi1lion 

dollars). R~D costs for commercial wastes may he reduced hy delaying develop­

ment of the technology. since similar technology is being developed for defense 

wastes. hut costs could he increased if the delay results in a shortened devel­

opment schedule that requires parallel development efforts. Total development 

(defense pltJS commercial) costs may not he much different regardless of the 
schedule. 

The overall status of technology was identified hy classification of the 

stage of development of the major process steps. Timing does not appear to he 

a major concern because a major TRUW treatment system will not he needed until 



so~e time in the future. The cost of R~n for treatment systems can be signifi­

cant and should not exceed the value of savings resulting from the treatment 

optimization. Availability of maintenance service and experience can provide 
economic benefits. 

The results of the qualitative evaluation of the technology status of the 

treatment options are summarized in Column 4 of Table 9.~. As might be 

expected, the status of technology for the simpler treatment options 

(Options 1~ 2, and 3} is the most favorable. Adrlitional details of the evalua­

tion of the status of technology are given in Appendix F. 

9.?..4 Flexibility of Processes 

In some of the treatment options, the individual treatment processes are 

expected to treat wastes with a wide variety of characteristics. Some ques­

tions remain regarding the ability of all of the processes to perform as 

desired. The qualitative evaluation of the flexibility of the treatment pro­
cesses to accommodate the anticipated variations in waste streams is summarized 

in Column 5 of Table 9.2. 

The processes all appear to he appropriate, with some having minor poten­

tial difficulties. This is largely because the process selection during the 

early part of the study eliminated processes with serious questions. Addi­

tional details of the evaluation of process flexibility are given in 

Appendix F. 

9.2.5 Overall Evaluation of Processing Characteristics 

The overall qualitative evaluation of the processing characteristics is 
given in the last column of Table 9.2. This evaluation is a composite of the 

four factors given in the prior four columns. No attempt was made to weight 

the four factors; thus they were all assumed to hE' of approximately equal 

weight. 

Table 9.?. shows that the simpler treatment options (Options 1, ?., ancl 3) 

possess the more favorable processing characteristics. However, Option 6 fol­
lows closely behind the first three, while Options 4 and 5 are significantly 

less favorable. 

• 
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q.1 OVERALL cOtiPARISON OF TREATtiENT OPTIONS 

In this subsection the six options are compared on an overall basis using 

the quantitative economic considerations of the waste management system from 

Section R (Table R.O) and the qualitative waste form anrl processing character­

istics given in Subsections q.1 (Table q.l) and g.2 (Table q.2). From this 

information, the options are rankerl 1 (most favorable) through 0 (least favor­

able) in each of the three major comparison categories. This rankinq is shown 

in Columns 2, 3, and 4 of Table g.3. This technique was used to force discrim­

ination among the various categories, even though the differences were small in 

some cases. 

An approximate overall ranking of tfle options is given in Column 5 of 

Tahle q.3. This ranking, ohtained hy simple arldition of the numhers in the 

prior three columns, inherently assumes equal weighting of the categories in 

the first three columns. However, this simple ranking system provirle some 

valuahle insights, indicatinq that Option fi appears to he the most favorable 

and Options 1 and 5 appear to he the least favorable. The more extensive 

treatment options (Options 4, >=,, anrl 6) are rankerl the highest in the waste 

form category, with the ranking for Option fi as the most favorahle. Option 6 

also presents the most favorahle system economics and has the most favorahle 

TARLE 9.3. Summary Ranking of the Six TRUW Treatment Options Ia) 

Approximate 
System Waste Form Processing Over a 11 

Option Economics Characteristics Characteristics Rankinglh) 

I fi fi I 13 

? 3 5 ' 10 

3 5 4 1 12 

4 2 2 5 q 

5 4 3 6 13 

fi I I 4 fi 

(a) Ranking is from 1 (most favorahle) to 6 (least favorable of the group). 
(h) Approximate overall ranking is hy adrlition of the prior three values 

for Pach option, with the lower values l)einq the most favorable. 



processing characteristics of the more extensive treatment options (Options 4, 

5, and fi}. Option 5 appears to be the least favorable of the more extensive 

treatment options. 

Although waste form requirements may not he known currently, they may well 

provide 11 go/no-go 11 bases for evaluating the waste forms for the various strate­

gies. If so, the options with the lower waste fc.rm ranking could well he elim­

inated, and the better waste forms would have a greater chance of meeting the 

requirements. 

Based on these evaluations, it appears that Option n may have the most 

favorable characteristics of all the options studied. Option 4 appears to have 

the next most favorable characteristics of the more extensive treatment 

options, and ranks least favorable only in the processing characteristics 

(which could likely be improved with development}. 

The strength of selecting Option 6 can he illustrated hy noting that even 

with a doubling of the relative cost of processing (the characteristic with the 

lowest ranking for Option fi), it would still be favored over the other 

options. Since it has the highest ratings for both economics and waste form 

characteristics, Option 6 would be preferred as long as the combined weighting 

for economics and waste form is as low as 40% of the total, based on this 

analysis method. 

Options 1, 2, and 3 would require little or no R&O, and their relative 
ranking would likely be unaffected by further technology development. Tech­

nology for treating contact-handled TRUW for Option 6 is being developed for 

several different types of defense waste. nevelopment of shredding, incinera­

tion, and cementing technology for commercial wastes can he limited to remotiz­
ing the processes and equipment modifications for the specific waste types. No 

totally new technology is needed.(a) 

(a) The major processes for Option 6 have some history in radioactive waste 
treatment. ~1e 1 t i ng of meta 1 s was ori gina 11y considered for treating c 1 ad­
ding hulls in the early lq?os, and melting technology is well established 
commercially for a wide variety of metals. Evaluation of alternative 
melting processes has recently been completed (~1ontgomery and Nesbitt 
19R3), and initial tests have been completed that show much promise for 
vacuum induction melting U1ontgomer.v et al. l9R4). Shredding, incinera­
tion, and cementing technology was selected hy INEL (Clements et al. 19R4) 
and other sites with defense TRUW for treatment of TRU~I. 

• 
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10.0 CONCLUSIONS ANO RECOt\IIENOATlONS 

This study evaluates six options for the treatment of TRUW from a refer­

ence reprocessing plant. These options represPnt specific treatment strategies 

involving no treatment, minimum processing, minimuM number of processes and 

prorlucts, maxi~um volume reduction, decontamination to remove material from the 

TRUW category, anrl the preparation of waste for111s without combustibles. Treat­

ment processes were selected to correspond to each of these ohjectives, anrl the 

anticipated volumes of treated waste from a Rarnwell-type plant were calcu­

laterl. These volumes were used with the RECON col'lputer code (Clark et al. 

lgR3) and Chem-Nuclear LLW disposal costs (see Appendix E) to calculate dis­

posal costs for the various options. Transportation and treatment costs were 

also estimated and summed with disposal costs to compare the costs of the six 

options. Decommissioning and R~[) costs have not heen inclurled in the economic 

analysis, but they will he ~uch lower than the overall system costs that have 

heen included. The options were also compared haserl on waste form and process 

consirlerations. Rased on this sturly, the following conclusions and recommenrla­

tions are warranted: 

o Option 6, noncombustible waste forms, is the preferred option from 

hath economic and waste form standpoints, anrl Option 4, ~axiMum vol­

ume reduction without decontamination, is the next preferred alter­

native. The economic incentive to treat the waste is a savings of 

ahout $1.6 billion, hased on the waste from reprocessing 70,000 rHlJ 

of spent fuel and on comparison with the no treat~ent option. 

Options 4 anrl 6 treat the metallic waste hy melting anrl the comhust­

ihle wastes hy incineration. The processes in Option 6 result in 

only two waste forms: metal ingots anrl cement that incorporate the 

wastes. nevelopment of the technology for this option, including 

metal melting, incineration, shrerlrling, anrl cementing, should he 

qiven first priority. 

o When compared with the no treatment option. all of the treatment 

options in this study offer economic anrl waste fonn incentivec;, anrl 

10.1 



thus indicate the importance of treating TRU~J. This conclusion was 

also reached by r1cKee et al. (1984) in their sturly of commercial 

TRUW. 

o Fuel cladding hulls and hardware comprise the most important TRUW 

streams from reprocessing because of their hrge volume, high radio­

activity, and the costs for their management .. The processes with the 

greatest economic benefits are those with technology that produces 

large volume reductions of the fuel cladding hulls and hardware. 

Decontamination applied to hulls alone may hf~ an effective treatment 

for this waste stream, hut this will require verification. Some of 

the radioactivity (i.e., activation products') in cladding hulls are 

not removable by decontamination. Decontamination of other streams 

does not appear to be justified because of the added treatment costs 

anrl process complexity. A major consideration in decontamination of 

TRUW stems from the recognition that all of the wastes cannot be 

decontaminated, and thus other treatment methods must also be imple­

mented, which increases processing complexity and treatment costs. 

o There appear to be several incentives for incinerating combustible 

wastes, including volume reduction anrl the e"timination of combus­

tible materials from wastes sent to disposal. A direct comparison 

of incineration with alternative treatments 1,.ras not possible fror1 

the final results and should be studied further. 

• In evaluating the decontamination of fuel hardware, it was recog­

nized that the high level of radiation from 110co in these materials 

may require their disposal in a repository, both from an economic 

viewpoint and because of the difficulty that LLW sites have in hand­

ling the activity associated with this material. 

o Volume reduction is a very important consideration from the perspec­

tive of overall system economics. 

• Simple compaction of the wastes is economically attractive, hut waste 

form characteristics remain a concern for disposal. 

10.2 
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o Combining small volumes of TRlJW with HLW may he economic if it rloes 

not significantly increase HLW volume. However, treating the sludge 

resulting from hull decontamination hy this method is very costly 

hecause it increases the size of the HLW vitrification system 

requirerl • 

o HEPA filters are a major waste stream that can he significantly 

reduced in volume. HEPA filters, in arldition to other materials, 

contain organic glues anrl aluminum spacers that complicate their 

treatment. The available data regarrling treatment of filters are 

incomplete and shoulrl he rleveloperl further. Treatment of filters 

should he given high priority in R~O planning with respect to spe­

cific waste types. 

o One of the other problem waste materials is PVC; its high chloride 

content makes it unfavorahle for incineration and limits the combin­

ing of the residues from incineration with HLW glass. Thus there is 

an incentive to replace PVC with alternative materials that may sim­

plify waste treatment anrl rerluce its costs. 

o Reducerl waste generation, one methorl of volume reduction not con­

sidered in this report, should he evaluated, particularly in its 

potential impact on the design and operation of treatment facil­

ities. 1~ith new practices it may he possible to rerluce the volume of 

the wastes that need treatment for a much lower cost than the cost of 

treating the resulting wastes from current practices. 

• Development and characterization of TRlJW forms are neerlerl to allow 

assessment of their potential hehavior in disposal environments and 

their conformance with NRC and EPA requirements. 

• This strategy analysis should he reviewed periodically as new tech­

nology is developed, as new practices are applied in fuel reprocess­

ing, anrl as new applications for waste treatment are identified. 
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TABLE A.l. TRUW Characteristics by Waste Type (Darr 1983) 

Quantity of Contained TRU Container 
Containers/ Container Waste/1,500 MTU Content, Dose Rate, 

Waste Type Stream 1,500 MTU Size, gal ft3 kg nCi/g mR/h r 

Hulls and 21 300 600 2.25[4 4.86E5 2.2[4 4.6[6 
hardware 

Filters (metal 258 51 80 1.80[2 6.63[2 3.70[2 1. 30[2 
framed) 18 80 6.15El 2.34E2 1.20[3 4.0[2 

4 80 g .5[0 5.2El 3.0[2 2.30[3 

25C 3 600 3.8El 1. 35E2 2.0[5 8.0E4 

21 600 2.62[2 9 .45E2 2.0[6 8.0[5 

45 33 80 6.6El 4.29E2 3.70[2 1. 30[2 

11 80 2 .2El 1.43[2 1.20[3 4.10E2 

> 52A 52 80 1.89[2 6.76[2 5.00[3 3.0[-1 . 
~ 

497 80 1.81E3 6 .46E3 8.0E4 4.5[0 

251 80 9.14[2 3.26[3 6.0E5 3.1El 

528 1 55 3.0EO 3.8El 4.00[3 3.0[-1 

19 55 5.7El 7.22E2 6.0[4 3.5EO 

30 55 9.0El 1.14[3 3.0[5 1. 7EO 

63A 2 600 3.0El 9.0El 8.0[4 8. OE4 

18 600 2.70[2 8 .10E2 8.0[5 8.0[5 

638 77 80 3.08[2 1.00[3 1.10[2 1.30[1 

27 80 1.08[2 3.51[1 3.80[2 4.10[2 

9 80 3 .6El 1.17[2 2.DOE3 1.00[3 



T~8LE ~.1. ( contd) 

Quantity of Contained TRU Container 
Containers/ Container Waste/1,500 MTU Content, Dose Rate, 

Waste Tyee Stream 1,500 MTU Size, 9al ft3 k9 nCi/g mR/hr 

Filters (wood 258 153 80 5.38E2 l.99E3 3.70E2 1.30E2 
framed) 52 80 1.84E2 6.76E2 1.20E3 4.00E2 

12 80 2 .85E1 1.56E2 3.DOE2 2.30E3 

GPT 27 128 55 9.60E2 2.69E3 2.20E2 1.50E2 
(combustible) 48 55 3.60E2 l.D1E3 6.80E2 4.8DE2 

42.4 55 3.18E2 8.90E2 4.50E3 3.2DE3 

53 94.5 55 6.21E2 1.98E3 4.30E3 7.0E-1 

137.6 55 9.05E2 2.89E3 6.0E4 l.OEl 

72 55 4.74E2 1.51E3 4.0E5 6.0El 
"' . N 65 36 55 2.4DE2 7.56E2 2. 20E2 4.80E2 

32 55 2.14E2 6.72E2 1.50E3 3.20E3 

GPT (noncom- 27 32 "" 2.40E2 6. 72E2 2.20E2 1.50E2 
bustible) 12 55 9.0El 2.52E2 6.80E2 4.8DE2 

10.6 55 8.0El 2.23E2 4.50E3 3 .2DE3 

53 23.6 55 1. 55E2 4.96E2 4.3DE3 7.0E-1 

34.4 55 2.26E2 7.22E2 6.0E4 l.OEl 

18 55 1.18E2 3.78E2 4.0E5 6.0El 

65 9 55 6.0E1 1.89E2 2.20E2 4.80E2 

8 55 5.3E1 1.68E2 1.50E3 3.2DE3 

• 
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TABLE A.!. (contd) 

Quantity of Contained TRU Container 
Cant a i ne rs I Container Waste/1,500 enu Content, nose Rate, 

Waste TJ.:Qe Stream 1, 500 t1TU Size, gal ft3 k9 nCi /g mR/hr 

SAC Waste 23 21 600 4.26E2 !.66E3 4.50E2 2.60E2 

7 600 1.42E2 5.53E2 R.90E2 5.30E2 

2 600 4.1E1 !.5RE2 !.3E4 B.OOE3 

2 600 4.1El !. 5RE2 !.3E5 R.OE4 

67 4 600 2.92E2 3.16E2 4.4E3 R.OOE3 

1 600 7.3E1 7.9E1 4.4E4 R.OE4 

Failed 24 1 600 5.0E1 9.00E2 !.60E2 5.20E2 
equipment 

)> 
1 600 5.0El 9,00E2 2.40E3 7.BOE3 . 

w 1 600 5.0E1 9.00E2 2.4E4 B.OE4 

51 A 2 55 !.4E1 4.00E2 6.80E2 !.OE-1 

30 55 2.14E2 6.00E3 6.BOE3 !.2EO 

38 55 2. 71E2 7.60E3 !.2E5 2.0E1 

518 1 600 5.0E1 9.00E2 2.0E3 4.0E-1 

3 600 !.50E2 2.70E3 !.2E4 !. 7EO 

62 1 600 7.0E1 9,00E2 7.70E2 7.ROE3 

Fluorinator 41 93 55 6.1RE2 3.10E4 2.59E2 R.70E2 
solids 
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APPENDIX B 

DETAILS OF THE ESTIMATION OF FINAL 

PROCESSED TRUW OIIANTITIES 

In Section 7, the TRUW treatment options are described anrl the final 

quantities of processed TRUW resulting from each option are presented. The 

assumptions leading to these quantities are descrihed in more detail in this 

appendix. 

B .1 GENERAL ASSm1PTI ONS 

Some of the general assumptions are listed below. 

1. The internal container volumes and tare weights are provided in Tahle R.l. 

TABLE R.l. Internal Container Volumes and Tare Weights 

Approx. Internal 
Nominal Dimensions Interna 1

3 
Tare 

Container Size dia x ht, in. Volume, m Weight, kg 

55 gal 22.5 X 34.0 X 0.05 D.20B 31 

BO gal 27.3 X 30.5 X D.05 0.303 31 

160 gal 22.9 X 90.0 X 0.375 0.606 430 

600 gal 44.0 X 90.0 X 0.375 2.271 1,000 

53 gal HLW 12.3 X 119.5 X 0.25 D. 231 160 

2. The containers are loaded to 90 val% (in the case where the wastes 

are treated and repackaged). 

3. The volume reduction factors are definecl as initial volume rlivided by 

final volume. 

B.2 OPTION I - NO TREAHIENT 

The weights. volumes. anrl nuMber of containers of untreated anrl unpackaged 

TRUH are summarized in Section 'i. 

R .1 



B .3 OPTION 2 - t1!NIMUH TREATMENT 

In this TRUW treatment option. most of the w.}stes are compacted to reduce 

their volume, An in-can compaction process is assumed, with a container size 

of 160 gal. 

The hulls and hardware are RH compacted in R1 batches. A compaction fac­

tor of 3.33 is assumed (McKee et al. 1984). 

Although Allied-General Nuclear Services (1978) specifies that failed 

equipment is not compactible, it is assumed in this study that some compaction 

can be obtained with high pressure compaction. Tne failed equipment is 

compacted in RH or CH batches. Size reduction is performed as required prior 

to compaction. A volume reduction factor of 1.67 (half that for hulls and 

hardware) is assumed for the failed equipment. 

The filters are size reduced and compacted in RH or CH batches. A volume 

reduction factor of 4.0 is assumed for the filters. 

Eighty wt% of the GPT and 60 wt% of the SAC waste are combustible and are 

assumed to be compacted at a volume reduction factor of 4.0. A volume reduc­

tion factor of 1.67 is assumed for the noncombustible portions of these wastes. 

These wastes are also compacted in CH and RH batches. 

The fluorinator solids are left in their initial containers and are not 

treated. 

The assumptions used to estimate the surface dose rate of the packaged 

waste are: 

• Compaction provides negligible additional shielding. 

• Surface dose is a weak function of geometry. 

• Surface dose rate can be approximated by multiplying the initial 

surface dose rate by the ratio of initial packaged volume to the 

final packaged volume. 

8.2 
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B.4 OPTION 3 - r1INIMUII NUIIBER OF PROCESSES AND PRODUCTS 

For this treatment option, all TRUW is immobilized in cement. The hulls 

and hardware are mixed with cement and placed back into 600-gal containers. It 

is assumed that the cement increases the untreated, unpackaged volume by 10 
val% • 

Premixed cement grout is poured over the failed equipment in a carbon 

steel container of the same size as the original stainless steel container. 
Recause the failed equipment has substantial void space to accommodate an ade­

quate amount of cement, it is assumed that there is no increase in volume. The 

cement is also assumed to reduce the surface dose by a factor of 4. 

The filters and GPT-SAC waste are shredded, combined with the fluorinator 

solids, and mixed with cement and water in CH or RH batches in an in-drum 

mixer. The following cement recipe is used (Schneider and ledebrink 1983): 

o 200 kg cement 

o RO kg water 

• 20 kg salt (NaN03) 

o 40 kg soft waste (cellulose, filter media, wood filter frames) 

o iQ_ kg hard waste (metal, fluorinator solids), for a total weight of 
400 kg and a density of 2000 kg/m3. 

The cementing is assumed to reduce the surface dose of these wastes by a 

factor of 2. This factor is lower than that assumed for the cemented failed 

equipment because the shredded filters, GPT-SAC waste, and fluorinator solids 

have a smaller void volume. 

R. 5 OPT! ON 4 - MAXHIUfl VOLllriE REnUCTI ON WITHOUT DECONTArll NAT! ON 

In this option, the metals and ceramics are melted, the cellulose mate­

rials are incinerated, and the plastic and rubber are hot pressed. The pro­

cessed waste is loaded at qo vol~ in 160-gal containers. The densities of the 

melted TRUW are: 

B.3 



Waste Type 

Hulls and hardware 

Failed equipment, metal 
filter frames, metallic 
GPT-S~C waste 

Melted ash, scrub residue 
and filter media mixture 

Plastic and rubber 

Density, k~1/m3 
6,500 

7,800 

2,300 

1,200 

90% Density, kg/m3 

5,850 

7,080 

2,070 

1,080 

The hulls and hardware are melted to 90% of theoretical density. The 

weight of hardware is taken to be 17.4% of the total hulls and hardware weight 

(U.S. DOE 1979). 

As in Option 2, the CH streams that could potentially become RH after 

treatment need to be identified. The criteria in Option 2 are used again here: 

where 

00 = surface dose of original drum (mR/hr) 

V
0 

= volume of untreated and unpackaged wast!~ based on drum 

volume (m3) 

Vf = volume of treated and packaged waste based on drum volume (m3). 

The failed equipment is separated into CH and RH batches. Some size 

reduction may be required prior to melting. The ·Failed equipment is melted to 

90% theoretical density in CH or RH batches. 

The filters are 33.3 wt% frame, 33.3 wt% med·ia, and 33.3 wt% adhesive and 

organics. It is assumed that the CH/RH category of the metal frames does not 

change due to processing. The filters are shredd1~d and burned in an incin­

erator, resulting in ash, media, and metals. The metals are removed and melted 

with the failed equipment to 90% of theoretical density in CH or RH metal 

8.4 
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batches. The ash, filter media, and scrubber solution residues are concen­
trated to 90% of theoretical density by incorporation into the metal melts. 

These melted residues are assumed to be RH. 

The contamination is assumed to be equally distributed for the GPT-SAC 

waste. The GPT-SAC waste is sorted by material type and the metals are melted 

inCH or RH batches. The rubber and plastics are hot pressed to 90% theoreti­

cal density in RH or CH batches in a low-temperature hot press and the cellu­
losic materials are burned. From the above contamination estimates, nearly all 

the ash and scrubber residues from the GPT are RH; therefore all the ash and 

scrubber residues are melted to 90% of theoretical density as RH. 

For incineration, 

1 kg combustibles + 0.03 kg of ash + 5.7E-4 m3 concentrated scrubber solution. 

It is assumed that the scrubber solution contains the following salt con­

centration (u.s. DOE 1979:4.4.6). (These equations describe the assumptions 

made; they are not chemically balanced.) 

NaHC03 
Na2so3;Na2so4 

particles 

0.7 M NaHC03 + Na20 + H2co3 
0.06 M aNa2so3 + bNa2so4 + (a+b)Na2so3 

Na2so3 + Na20 + so3 
0.2 g/L assumed oxides 

The residue composition from 1 L of concentrated scrubber solution is: 

Moles Weight, 9 
Na2o 0.41 25.4 

so3 0.06 4.8 

Particles 0.2 

30.4 

8.5 



Therefore, 1m3 of concentrated scrubber solution is equivalent to 30.4 kg 

of concentrated scrubber residues, or 1 kg of combustibles (without PVC) is 

incinerated to produce 0.0173 kg of scrubber residues. 

Bo6 OPTION 5 - MAXIMUM VOLUME REDUCTION WITH DECCNTAMINATION 

The processing emphasis of this option is on decontamination. The LLW 
resulting from the decontamination is packaged in 160-gal containers. In Sub­

option 5A, the solids removed from the hull decontamination are incorporated 

into HLW glass, and the diameter of the HLW canister is increased to accommo­

date the additional HLW without increasing the number of HLW canisters. In 

Suboption 5B, the solids from the hull decontamination solution are hot 

pressed. Secondary wastes from other decontamination operations are also 

incorporated in HLW glass. These latter quantities are small; thus it is 

assumed that this small quantity of HLW (a 2.8% ircrease in the amount of HLW 

glass formed) can be 

the canister size or 

to have a density of 

added to the existing HLW without requiring an 

in the number of HLW canisters. The HLW glass 
3 2,700 kg/m o 

decontamination. 

increase in 

is assumed 

A packing The hulls are cryogenically cracked prior to 

density of 1,360 kg/m3 is assumed for the cracked hu 11 so 

tion, 7 wt% of the hulls is removed. It is assume,d that 

During 

half of 

decontamina­

the material 

removed is Zr and half is Zro2• The hull decontamination slurry contains Zr, 

zro 2, and Al 2o3 abrasives. The volume of alumina in the decontamination slurry 

is 5 cm3/kg of decontaminated hulls. The density of the alumina is 

1,800 kg/m3• The water in the decontamination sl~rry is then boiled off. In 
Option 5A, the solids from the decontamination sllrry (Zr, Zr02, Al 203) are 

loaded into HLW glass at 20 wt%. In Option 5B the· Zr/Zr02 sol ids are hot 

pressed to 90% theoretical density in a high-tempe·rature hot press. The 

density of Zr is 6,450 kg/m 3, and the density of l:ro2 is 5,600 kg/m 3
0 

The fuel hardware, failed equipment, metal filter frames, and metallic 

GPT-SAC waste are decontaminated by vibratory finishing. It is assumed that 

during decontamination, 50 g of metal fines are re~moved per m2 of decon­

taminated surface area, and that the decontamination solution contains 0.35 kg 

of NaOH per m2 of decontaminated surface area. In estimating the surface areas 
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of the J'letals to be decontaminated, it is assumed that the metals have a den­

sity of 7,800 kg/m3; that the failed equipment has an average thickness of 

0.0064 m (1/4 in.); and that the fuel hardware, metal filter frames, and 

metallic GPT-SAC \'/aste have an average thickness of 0.0032 m (1/8 in.). The 

decontamination slurries contain Fe and NaOH. After the water is removed from 

the decontamination slurries, the Fe is converted to Fe2o3• The Fe2o3 is 

loaded in HLW glass at 33 wU. It is assumed that the addition of NaOH 

replaces the Na in the glass frit additive to the Hl~/ glass mixture and does 

not increase the HLW volume. 

After decontamination the packing density of the low-level hard\1/are is 

assumed to be 1,000 kg/m3• 

Thirty wt% (or val%) of the failed equipment is assumed to be nondecon­

taminable and is therefore compacted. A volume reduction factor of 1.67 is 

assumed, as in Option 2. The decontaminable failed equipment is size reduced 

prior to decontamination. This size reduction gives a volume reduction factor 

of 2. 

The filters are shredded and incinerated to burn the wood and adhesive. 

The metal frames are removed from the ash and media and decontaminated by 

vibratory finishing. The decontaminated metal frames are assumed to have a 

density similar to that of cut-up glove boxes (530 kg/m3). The decontamination 

solution residues (containing iron oxide and caustic), ash, and scrubber solu­

tion solids (from incineration; their composition is the same as in Option 4) 

are loaded into HLW glass at 33 wt%. The filter media are mixed with the total 

production of HLW glass without the use of incremental additives. 

The GPT-SAC waste is sorted by material type. Thirty wt% of the metals 

are considered nondecontaminable. These metals are compacted with the nonde­

contaminable failed equipment. The nondecontaminable GPT-SAC waste is assumed 

to be compacted to the same density as the GPT-SAC waste (1,350 kg;rn3) in 

Option 2. The compacted waste is packaged in 160-gal containers . 

The plastic and rubber is 33 wt% of the combustible portion of the GPT-SAC 

waste. The plastic and rubber are decontaminated by vibratory finishing, as 

are the metals. It is assumed that the plastic and rubber have an average 
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thickness of 0.5 mm (0.02 in.) and that the decontamination solution contains 

0.35 kg NaOH for every m2 of plastic and rubber decontaminated. It is assumed 

that tht LLW plastic anrl ruhber is packaged at the same density (105 kg/m 3) as 

the GPT-SAC waste in Option 1. 

The cellulosic materials in GPT-SAC waste are incinerated to ash. The 

scrubber solution from the incineration is decontaminated and the low-level 

liquids and scrubber solution salt are cemented Lsing the following recipe: 

6.4 wt% NaCl and other salts 

37.3 wt% water 

56.3 wt% cement 

density l,R20 kg/m3. 

The cementation TRUW is packaged in 55-gal rlrums. The solids (Fe{OH) 3) from 

the decontamination of the scrubber solution are loaded into HLW glass with the 

ash at 33 wt%. 

The decontaminable metallic GPT-SAC waste {70 wt% of the metals) is decon­

taminated in the same way as the decontaminable failerl equipment. The low­

level metallic GPT-SAC waste is assumed to have the same density (105 kg/m 3) as 

the untreated GPT -SAC waste. The nonctecontaminable waste is co111pacted to the 

same rlensity (1,350 kg/m3) as the compacted GPT-SAC waste in Option ?.. 

The TRU fluorinator solirls are converted to LLW by blending them with 

other non-TRU fluorinator solids. 

R. 7 OPT! ON 6 - NONCOt\BUSTI RLE WASTE FORI\5 

The hulls and hardware and failed equipment are melted as in Option 4. 

The SAC waste is sorted into noncombustihles and combustibles. The noncom­

bustible GPT-SAC waste (which is primarily metal) is treated in the same manner 

as in Option 4. The combustible GPT-SAC waste and filters are shrerlrlerl and 

burned. The ash, media, filter metal, and scrubber residue solids are 

cementerl. Quantities converted from CH to RH wa3te are estimated as before. 

The incineration of 1 kg of combustibles prJrluces n.n3 kg of ash and 

5.7£-4 m3 of concentrated scrubber solution. Therefore, the incineration of 

1 i<.g (Jf wood f1lters n:1d iJ.·ihesiv"!s is ~qui·-1ale1t to n.n113 kg of solids (see 
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Option 4). The scrubber solution from the incineration of GPT-SAC waste con­

taining PVC will also contain NaCl. One-third of the combustible GPT-SAC waste 

is plastic and rubber (Darr 1983). PVC is 30 wt% of the plastic and rubber 

(Allied-General Nuclear Services 1978:E-2) where 57 wt% of the PVC is taken to 

be Cl- (which is converted to NaCl). Therefore, burning 1 kg of the co~bus­

tihle GPT-SAC waste results in 0.094 kg of NaCl in the scrubber solution. 

The following cement recipe is used: 

50 wt% cement 

20 wt% water 

5 wtr. salt (NaCl) 

10 wt% soft waste (media, ash) 

15 wt% hard waste (metals, fluorinator solids) 

density 2,000 kg/m3• 

The fluorinator solids are cemented at 30 wt% waste loading. It is 

assumed that the cementing of the fluorinator solids will result in LU~. which 

is packaged in 160-gal containers. 
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APPENDIX C 

ADDITIONAL INFORMATION ON REGULATIONS AND TRUW DEFINITIONS 

C.l REGULATIONS 

The EPA regulation 40 CFR 190 (U.S. EPA )gR4a) is the basic federal 

regulation regarding environmental radiation protection for the operation of 

uranium nuclear fuel cycle facilities. This regulation states that the dose 

equivalent to any member of the public for expected perforMance of operations 

in the nuclear fuel cycle shall not exceed 75 mrem/yr to the thyroid or 25 

mrem/yr to the whole body or to any other organ. If an individual is exposed 

to radiation sources from two or more activities in the nuclear fuel cycle, any 

one activity can expose the individual to only a prorated fraction of this 

total dose. The EPA has included these numerical limits in Subpart A of their 

proposed regulation 40 CFR 191 (li.S. EPA 19R5) for application to expected 

performance in the operational aspects of waste management (i.e., treatment, 

storage, and filling and pre-sealing of a repository). The lirlits are not 

intended to apply to unexpected performance, to the post-closure disposal time 

period, or to transportation. 

Guidance for ALARA exposure for operating nuclear power reactors is given 

in Appendix I of 10 CFR 50 {U.S. NRC 1984a). This guidance, which is not 

specified as being applicable to nonreactor facilities, suggests 5 to 10 

mrem/yr for each of several exposure pathways. Regulation 10 CFR 72 (U.S. NRC 

1984b) for offsite spent fuel storage facilities specifies an ALARA-based dose 
limit of 5 mrem/yr to ~embers of the public. 

The basic regulations for radiation protection of the public during trans­

portation are covered in 10 CFR 20 (IJ.S. NRC 1984c). Specific regulations have 

been issued by the DOT in 49 CFR 171-178 (U.S. DOT 1984) and by the NRC in 

10 CFR 71 (U.S. NRC 1984d). The regulations specify packaging require~ents. 

radiation limits, labeling requirements, handling procedures, and security 

procedures. Containment is the principal performance requirement for trans­

portation of TRUW, and it is generally provided by the outer transportation 

packaging (i.e., the cask for RH TRUll, and the TR\JP_ACT packaging for 
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CH TRUW). The outer packaging must maintain containment under accident 

conditions (as well as normal conditions). The transportation packaging must 

endure severe physical tests without loss of containment. The most important 

of these tests are, in sequence: i~pact, puncture, fire, and submersion in 

water. These tests are sufficiently stringent thot they encompass the perform­

ance needs for all but the most severe accidents, for which the probability of 

occurrence is very low. 

For shipments containing more than 20 Ci of plutonium (which would include 

much of the TRUW), the NRC regulations require that the packaging system (i.e., 

outer cask and inner packagings such as the canister or an overpack of the can­

ister within the outer packaging) must retain two levels of containment during 

test conditions. However, the NRC regulations do allow for the exemption of 

some materials on a case-by-case basis (which cur1~ently includes spent fuel). 

Potential exemption from this requirement would p1~obably depend on the expected 

releases of waste materials during severe accidents, which in turn would be 

related to the waste form characteristics in combination with the canister, the 

liners/spacers inside the transportation packaging, and the transportation 

packaging. In any case, the waste canister can be less rugged than the cask, 

which will absorb nearly all of the accident environment. It is assumed in 

this study that the necessary level of containment for transporting the wastes 

is provided by the transportation packagings and the canisters, in combination 

with reusable liners/spacers within the transportation packagings. 

C.2 DEFINITION OF TRUW 

The following definition of TRUW is given in the fifth working draft of 

proposed 40 CFR I9I: 

Transuranic wastes, as used in this part, mE~ans wastes containing 
more than 100 nanocuries of alpha-emitting transuranic isotopes, with 
half-lives greater than 20 years, per gram c1f waste except for: (1) 
high-level radioactive wastes; (2) wastes that the Department [DOE] 
has determined, with the concurrence of the Administrator [of EPA], 
do not need the degree of isolation needed by this Part; or 
(3) wastes that the Commission [NRC] has approved for disposal on a 
case-by-case basis in accordance with 10 CFR 61. 
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This definition generally includes all of the actinides with atomic numbers 

higher than that of uranium (92) that are present in significant quantities in 

spent nuclear fuel, with the exclusion of 241pu and 244cm. It excludes all 

alpha-emitting actinides lighter than uranium (isotopes of protactinium, 

thorium, actinium, radium, francium, radon, astatine, polonium, and bismuth), 

even though some of these are present in important quantities in spent fuel and 

some are potentially important dose contributors in waste management. 

The NRC has yet to specify a definition of TRUW to be used for waste man­

agement purposes. However, the NRC has identified TRUW as waste containing 

greater than 100 nCi of transuranium elements per gram of waste, with trans­

uranium elements defined as those having atomic numbers greater than 92. They 

also state that transuranium elements include uranium and plutonium. 

The NRC has defined HLW and LLW in 10 CFR 60 (U.S, NRC 1984e) and 10 CFR 

61 (U.S. NRC 1984f), respectively, and TRUW must fall somewhere between these 

definitions. HLW is defined by its source: "(1) irradiated reactor fuel, 

(2) liquid wastes resulting from operation of the first cycle solvent extrac­

tion system, or equivalent, and the concentrated wastes from subsequent extrac­

tion cycles, or equivalent, in a facility for reprocessing irradiated reactor 

fuel, and (3) solids into which such liquid wastes have been converted." Low­

level wastes are those "that are acceptable for disposal in a land disposal 

facility." Low-level waste is "waste that is radioactive waste not classified 

as high-level radioactive waste, transuranic waste, spent nuclear fuel, or 

byproduct material." Wastes that are not acceptable for shallow land burial 

are then identified in 10 CFR 61 by specifying maximum concentrations of TRU 

nuclides with half-lives greater than 5 years of 100 nCi/g, the maximum amount 

of 241 Pu of 3,500 nCi/g, and the maximum amount of 242cm of 20,000 nCi/g of 

waste. (The correction for the beta-emitter 241 Pu allows for the alpha decay 

of its daughters; the correction for the short-lived alpha-emitter 242cm allows 

for decay of its long-lived 241 Pu alpha-emitting daughters.) Numerical limits 

are also given for non-TRU radionuclides. 

The Waste Acceptance Criteria for WIPP (Westinghouse Electric Company 

1984) also include 233u as a transuranic nuclide. The general definition in 

DOE Order 5820 (draft February 6, 1984) (U.S. DOE 1984) is slightly different; 
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it states that transuranic waste is "radioactive waste that at the end of the 

institutional control periods 

radionuclides with half-lives 

than 100 nCi/g." 

is contaminated with alpha-emitting transuranic 

greater than 20 years and concentrations greater 

All of these definitions are similar. For this study, the definition 

given in the fifth working draft of EPA's 40 CFR 191 regulation is used. 

C.3 WASTE FOR!1 REQUIREMENTS 

Waste form requirements for TRUW have yet to be specified. The NRC has 

requirements for releases from the engineered barTiers (including waste forms) 

for geologic disposal of HLW and TRUW in 10 CFR fiO and for LLW forms for 

shallow-land burial in 10 CFR 01. The DOE has rE•quirements for defense TRU\~ to 

be disposed of at WIPP (Westinghouse Electric Company 1984). The EPA has only 

some proposed general requirements for release of radionuclides from TRUW to 

the accessible environment in the fourth and fifth working drafts of 40 CFR 191 

(U.S. EPA 1984b, 1985). The requirements that May be related to waste forms in 

these regulations are given in Table C.1 and are discussed in Section 4. 

The release limits fro~:~ a deep geologic (basalt) repository to the acces­

sible environment for spent fuel, HLW, and/or TRUW proposed by the EPA in the 

fourth working draft of 40 CFR 191 are given in Table C.2. 
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TABLE C.l. Regulations/Criteria Related to TRUW Form/Container Requirements 

Choracteristic 

Canister 

10 CfR 60, HlW dO~ TRU~ 

Hetrievable within SO years; 
sealed; maintoln contain­
ment during transpuctatinn, 
pass lrMo>porldtlan type A 
tests; emp 1 acement, 
retrievol 

Po c~ d~e character i <;t i c s Che1• lea 1 -phys i c a 1 -nuGl Par 
characteristics compHible 
~ith repository; Jtln-1000 
year life for pac<age 

1\H:l<o•Je consi<leratinns 

\Jaste forno 

'.I" to• f •Jrnl 
,,,·,,;r,hillty 

f r ,.,. I 1 qu 1 d Lnrot Prll. 

[>j>lJsives ~~nlent 

Solubility; u<ldillng/ 
rPduc i ng potentia 1; corro­
sion; hydriding, gas gener­
ation; th~rmal stress, 
radiolysis; retilfdation; 
leach1ng; fire/explosion 
hHards; synergistic 
interactiOns 

Solid; part1culdtes to 
t>e consolidated; not 
dispersible 

'lust be noncoiObli>tlt>l~ 

LJnless shown that fire 
will not c.n"l,>ru,,;,, ,,fdy 

None tt1ol et>uld cu•npro,,.l,e 
JSolat1011 {in ~.lcka,Jd 

Ill CF~ 61, LLW 
(tJPnProlly for cldS>cS KM.) 

No c~r,Jb,>"rJ or fil•erbtMrd; 
300-yeor llfe plus otilcr 
r~qLJireont•nts 1n Drancl1 
tec!lfH(d\ ~'"it ion ~d~er if 
wd>le form does not n1eet 
requir~ments below 

Free-stond1ny roonoliths (for 
Class A soHdiHed liquids 
only); other requirnments 
in branch technical posi­
posi t 1 on paper (see i tern 
18 and ttem 4, Column 7) 
if no 300-year container 

<ll.'>r. "f ·.<e·1qilt per AN'. 
~0.1; n~e~s dnut>le the 
ml niHIUIO OIMLJOt abSLlf'iWflt 

Not read1ly Cdi>~bh ur 
reaction 

41J UR 191, lllW & lRUW __ _!.f!_!!~~-and_!}!_!!~.---­

!Joncombusttble; 2S+ year 
lite. <25,000 lb; <12' 
B' x ~.5' CH; 8,000 lb 
RH; 2&" x <10' RH 

<1:1./can miJSt be <10 um 
particles and <15lhan 
must be <200 ''"' parti­
cles; sludges OK H 
corrosion protection; 
no corrosive materials 

OK bHt must be in non­
CO•""''>tib\e canister 
an~ loheled 

None• "' ca"; s\ud~es UK 
1f container is corro­
'l"n pr,,t~ne<1 

Nor~e allowed 

• 

Composite ~ases from 
10 CFR 61, 40 CH 191. 

and WIPP WAC 

~ncumbustlble; 25+ year 
life; 300 year life with 
poor woste forms (see 
"other" below); pass 
Type A transportation 
requirements; for GH TRW, 
<12' • 8' x 8.5' and 
<25,000 \b; for RH TRUW 
<26" dia • 10' and 
<8,000 lb; maintain con­
tainment during transpor­
tation, emplacement, 
retrieval 

Chemica 1-phys i ca 1-nuc 1 ear 
characteri sties· compatible 
with reposHory 

Solubility; o<idizing/ 
reducing potential corro­
sion; hydridin~; 9as 
9enerotion; thermal loods 
and effe.ts; stress; 
radi olys is; retardation 
of rad1onuclide mi9ration; 
leaching; fire/explOSIOn 
hazards; synergistic 
interactio~s 

Re•lstant to radiation 
(lES R~d )); resistant 
to blodegradotlon test; 
resistant to leaching; 
resistant to brea~down 
from water Immersion; 
resistant to brea~down 
test; compressi•e 
strength >50 psi; not 
dhpersible; <U/can must 
be <10 1•m particles 

Must be nonco,nl>ustio\e 
>Jnle>s shown that fire 
will not compromise satety 

<0.5 wt't; need double 
the minimu'" dloount 
3Dsorbent; > 1 ud~es OK 1 f 
container is corrosion 
protected 

None allowed 
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CharHtenstk 

ToKic g~ses, vapors 

Pyrophori c mater I a 1 
content 

Gaseous 01aste 

Gas generation 

liazardous, blologically 
pathoyenic, lnfectlous 
material 

Structur~l stab1lity 

Void >Nces 

Release rate from 
repository to 
environment 

!lose to public 

!dent i flcat ion 

HI CFR OU, IiLII ond TRUW 

Must not contain amounts 
that could com]>romise 
waste Isolation 

FrOO> engineered barrier, 
<IE-~/yr of 1000 year 
inventory; not applicable 
to radionuclides released 
<O.lt of calcuhted total 

Per,oanent and unique 

TABLE C.l. (cant d) 

10 CFR 61, llW 
(Qef1eral1y for classes B&C). 

None allO><ed, except for 
gaseous radionuclidcs 

None a 11 owed 

PreHure <I ,S atm at 20"C; 
<100 Ci/contalner of 
gaseous radionuclides 

Reduce nonradlologlcal 
hazard as low as prac­
tiqt>le; see also branch 
position paper requirements 
for LLW below 

Form or container mu~t be 
strucNrally ~table In 
dispoHl environment; ~ee 
bnnch po~ltion paper below 

Reduce to extent practic~i 

40 CfR !Yl HLW & TRUW 

In 10.000 years, release 
~a lues Jess than In 
table with probal>illty 
<0.1; alp~a radioouclides 
to aquifer 1n \,000 years 
sha11 he <I~ pCl/L 

<l~/7~,12~ rurem/yr + 
ALA«A; <4 rurem/yr ~ + 
frOO> radi onuc I ides 1 n 
aquifer 

WIPP WAC and TRUW 

No toxic maten~ls or 
poisons A, B unless 
co-cant ami n ants 

~one if nonradloacti~e; 
radionuclide~ <11 and 
must he di5per~ed 

<100-220 kg/m3 organic 
ln waste; <10 moles/,.1 
roOO>/yr gas generation 
rate by all mechanism~ 

Composite \lases tram 
IO CFR 61, 40 CfR \gJ, 

and WIPP WAC 

None allowed except for 
gaseous radlonuclides 

Allowed only if inti­
mately associoted with 
radionuclides, and then 
radionucl 1des must be 
<I wt:r. of waste 

PressYre <I ,S a~m at 
20"C; <100 kg/m in 
other containers 

<220 kg/m3 organic 1n 
~5 gal drums; <100 kgtm3 

1n other containers 

Reduce nonradiolo~lca\ 
hazard to as low as proc­
ticab\e; see also branch 
position paper requ>re­
ments for LLW below 

Form or canisters n1ust be 
structurally stat>le in 
disposal environment; see 
also branch positlon 
paper for LLW below 

Rp~oJce to extent practical 

Probability <0,1 that re­
lease values in 10,000 
years w1\ I exceed those 
In EPA table; alpha radio­
nuclides to aquifer in 
1000 years shall be <15 
pCi/1; frOO> e'"'lineered 
barrier <l£-5/yr of 1000 
year lnoentory; not 
applicable to radlonu­
<:11des released <0. a of 
calculated total release 
rate 

<25/75/25 mrem/yr + 

ALI\RA; <4 mrernfyr S + 
from radionuclide> in 
aquifer 

Permanent and unique 
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JiE'..!. C~ar~cterlstlc 10 CFR 60 HLW ~nd TRUW 

18 Other 

TABLE C.!. (contd) 

10 CFR 61, llW 
(generallY for classes B&C) 

Br~nch technical position 
paper (U.S. ~C 1983) gives 
details on waste fonn 
requirement<;: compressive 
strength >50 psi per A.STH 
C39 after all tests:­
Expose to IE+8 Rad 

Resistant to biodegrada­
tion test (ASTH G2U22) 
Resistant to 90 day leak 
test (leachability index 
>6 per ANS 16,1) 
Resistant to inmersian 
90 days 
Resistant to 

" 
___ ---.- with 120 lb/ft3 
overbYrden 
Resistant tG IE+B Rad 
Resistant to b1ode· 
n•o.hHnn test as above 

tG thernal 
cycll ng as above 
Positlve steel 
Contents inspectable 
Pass1ve vent 
Withstand 3 G 1 ifting load 

40 aR 191 HLW & TRUW 

• 

WIPP WAC and TRUW 

CH <3.5 W/m3; 
RH <300 W/can; 
<200 g fiss11e/55 gal 
drum; Dose CH <21l0 mrem/ 
hr; Oos§ RH <100 rem/hr; 
<5 g ft fissile RH 

• 

Composlte Bases from 
10 CFR 61,40 CFR 191, 

and W!PP WAC 

For LLW forms, compressive 
strength <50 psi after 
all tests: 
~Expose to IE+B Rad 

ResiHant to biode~ 
gradation test 
Resistant to 90 day 
lea~h test (lea~ha~ 
billty Index >6 per 
ANS 16,1) 
Resistant to hr111erslon 
90 days 
Resistant to thermal 
cycling 60" to ~40"C 
Oestru~tlve analysis to 
assure homogeneity) 

Or for 300~year LLW 
con tal ner 
~Strength with 12{1 lb/ft3 

overburden 
~ Resistant to IE+9 Rad 
~Resistant to thermal 

cycling as above 
Resistant to biode~ 
gradation test as above 
Positive steel 
Contents inspectable 
Passhe vent 
Withstand l g lifting 
load 

CH <3.5 W/m3; 
RH <300 W/can; 
<200 g fissile/55-gal 
drum; Dose CH <200 mrem/ 
hr; DOS§ RH <100 rem/hr; 
<5 g/ft fissile RH 
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TABLE C.2. 

Rad1 onucli de 

P.mericium-241 

Ameri ci um-243 

Carbon-14 

Cesi um-135 

Cesium-137 

Neptunium-237 

Pl utoni um-238 

Pl utoni um-239 

Plutonium-240 

Release Limits for Containment Requirements (cumulative 
accessible environment for 10,000 years after disposal) 

Release Limit 
(,uri~s) Radionuclide 

100 Pl utoni um-242 

100 R~dium-226 

100 Strontium-90 

1,000 Technetium-99 

1,000 Ti n-126 

100 Any other alpha-emitting 

100 radi onucl ide 

100 Any other radionuclide that does 

100 not emit alpha particles 

Note 1: The Release Limits in Table C.2 apply to the amount of wastes in any one of the following: 

(a) an amount of spent nuclear fuel containing 1,000 metric tons of heavy metal (MTHM); 
(b) the hlgh-level wastes, as defined by 19l.02(e)(l), generated from each 1,000 MTHM; 

releases to the 
(U.S. EPA 1985) 

Release Limit 
(curies) 

100 

100 

1,000 

10 ,000 

1,000 

100 

1,000 

(c) each 100,000,000 curies of ga~m~a- or beta-emitting radionuclides with half-lives less than lOO years thot are identified by the Com­
mission as high-level waste in accordance with l91.02(e)(2); 

(d) each 1,000,000 curies of other radionuclides (ga~m~a- or be';a-emitters with half-lives greater than 100 years or any alpha-emitters) 
that are identified by the Commission as high-level waste in accordance with 191.02(e)(2); or 

(e) an anount of transurani c wastes, as defined by 191.02(f), containing one million curies of alpha-emitting transurani c radi onucli des. 

To develop Release Limits for a particular disposal system, the quantlties in Table C,2 shall De adjusted for the amount of wastes 
i~cluded in the disposal system, For example: 

]f o particular d1sposal system contained the high-level wastes from 50,000 MTHM, the release limits for tnat system would be the 
<.tUO"Citft:; ;,, Tab)~ C.3 miilt1f?)ic~ ~·50 (50,()()() 1-!T.'!M d!vided by 1,000 MTH"'). 
If a particular di spoS"l ~ystem contained three million curies of alpha-emitting transurani c wastes, the Release Limits for that 
system would be the quantitles in Tabl~ C,3 multiplied by three (three million curies divided by one million curies). 

,,, 
'"' I c I If a particular disposal system contained both the high-level wastes from 50,000 MTHM and 5 million curies of alpha-emitting transur­

anic wa~tes, the release limits for that system would be the quantitles in Table C,3 mUlTiplied by 55: 

50,000 MTHM 
l ,000 MTHM 

+ 5,000,000 curies TKU ~ 55 
I ,000,000 curies nw 

Note 2: ln cases where a mixture of radionuclides is projected to be released, the limiting values shall be determined as follows: For 
eac~ radionuclide in the mixture, determine the ratlO between the cumulative release quantity projected over 10,000 years and the limit 
for that radionuclide as determined for Table C.2 and Note 1. The sum of such ratios for all the radionuclldes in the mixture may not 
e~ceed one. 

For example, if radionuclides A, B, and Care projected to be released in amounts Oa, Qb, and Q,, and if the applicable Release 
Li"lits are RLa, Rlb, a~d ~Lc, t~en the cumulative releases over 10,000 years shall be l1mited so that the following rela~lonship exists 

• 

0a 0b Qc 
~<~<~< 

Rla RLb Rlc -

• • 
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APPENDIX 0 

PROCESSING, TRANSPORTATION, AND DISPOSAL 

COST ESTIMATES 

0,1. PROCESSING COST ESTIMATE 

The capital and operating cost estimates for each treatment option studied 
in this report were taken from McKee et al. (1984) when available. For those 

operating costs not available in the McKee study, the capital and operating 

costs were approximated by the authors. Table D.l gives the capital cost esti­

mates and Table 0.2 gives the operating cost estimates for each TRUW treatment 

option. All cost estimates are based on undiscounted 1983 dollars. 

Included in the operating cost are the cost of replacing the used contain­

ers and the cost of purchasing containers to package the processed waste. 

Table 0.3 describes the containers used in this study and gives the costs of 

these containers. 

0,2 TRANSPORTATION COST ESTIMATE 

This section describes the cost estimates for transporting the wastes in 

two subsections; the first considers TRUW and HLW transported to a repository, 

and the second considers LLW transportation costs. 

0.2.1 TRUW and HLW Transport Cost Estimation 

The TRUW and HLW transport cost estimate for this report is based on a 
transportation cost analysis in the McKee study. The transportation costs for 

TRUW consisted of a cask leasing fee and freight charges. For this study it 

was simplest to calculate the transportation costs on a per shipment basis. 

Table 0.4 gives the parameters needed to determine the number of drums a 

shipment can carry. For example, for RH 55-gal drums with a surface dose of 

less than 1 R/hr, a shipment consists of three casks. Each cask contains 

14 drums. Therefore each shipment transports (3 casks) (14 drums/cask), or 42 

55-gal drums. 

D .l 



TABLE D.l. Capital Costs for the Six H:UW Treatment Options 

Option F ac i 1 ity 

1 HLW vitrification 
TRUW storage 
Waste assay 

2 HLW vitrification 
TRUW storage 
Waste assay 
TRUW treatment 

3 HLW vitrification 
TRUW storage 
Waste assay 

4 

5A 

58 

6 

TRUW treatment 

HLW vitrification 
TRUW storage 
Waste assay 
TRUW treatment 

HLW vitrification 
TRUW storage 
Waste assay 
TRUW treatment 

HLW vitrification 
TRUW storage 
Waste assay 
TRUW treatment 

HLW vitrification 
TRUW storage 
Waste assay 
TRUW treatment 

Capita 1 Cost 
for 

1,500 MTU/yr 
Reprocessing, $~ 

17ula) 
321 b) 
34 I a) 

170 I a) 
241b) 
34la) 
4olc) 

170 I a) 
331 b) 
34 I a) 
40 I c) 

170 I a) 
211 b) 
34lal 
93lc) 

2oola,c) 
21 1 b l 
34 I a) 
1151c) 

17ola) 
211 b) 
34la) 
1451c) 

1701 a) 
211b) 
34lal 
951c) 

(a} Cost estimates are from McKee et al. 
11984). 

(b) Cost estimates are based on those in 
McKee et al. (1984), whic'l were then 
scaled to appropriate capacities 
using the following exponential 
scaling factors: 0.5 for processing 
facilities, 0.6 for RH storage, and 
0.8 for CH storage. 

(c) Estimated by the authors. 

0.2 
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TABLE 0.2. Operating Costs B9sed on 1,500 MTU/yr for the Six TRUW 
Treatment Options\ 3 ! 

1 

2 

3 

4 

SA 

58 

6 

Faci 1 it 

HLW vitrification(b) 

TRUW storagf~~) 
Waste assay 
Total 

HLW vitrification(b) 
TRUW storag~ (b) 
Waste assay\b) 

TRUW -treatment(c) 
Total 

HLW vitrificnion(b) 

TRUW storag{b) 
Waste assay 
TRUW treatment(c) 
Tot a 1 

HLW vitrifictt~on(b) 
TRUW storag~ b) 
Waste assaylb 
TRUW treatment(c) 
Total 

HLW vitrificftion{b) 
TRUW storagr: b) 
Waste assaylb) 
TRUW treatment(c) 
Tot a 1 

HLW vitrification(b) 
TRUW storag~{b) 
Waste assay\b) 

TRUW treatment{c) 
Tot a 1 

HLW vitrificf~jon(b) 
TRUW storagli! ) 
waste assay\b 
TRUW treatment(c) 
Tot a 1 

Operating 
Cost, $M/yr 

5.8 
l.q 
2 .o 

5.8 
1.4 
2.0 
2.4 

5.8 
2 .o 
2.0 
0.8 

5.8 
1.3 
2 .o 
6.4 

6.8 
1.3 
2 .o 
7.3 

5.8 
1.3 
2.0 
9.1 

5.8 
1.3 
2.0 
5.7 

Canister 
Cost, $M/yr 

5.3 
5.9 

5.3 
1.1 

5.3 
1.3 

5.3 
0.4 

6.6 
2 .1 

5.3 
2.2 

5.3 
0.5 

Total 
Operating 

Cost, $M/yr 

11.1 
7.8 

~ 
20.9 

11.1 
2.5 
2.0 
2.4 

1B.O 

11.1 
3.3 
2.0 
0.8 

17 .2 

11.1 
1.7 
1.0 
6.4 

21.2 

13.4 
3.3 
2 .o 
7.3 

26.0 

11.1 
3.5 
2.0 
9.1 

25.7 

11.1 
1.8 
1.0 
5.7 

20.5 

(a) Costs are for one reprocessing plant operating at a rate of 1,501] 
MTU/yr. 

(b) Cost estimates are from McKee et al. (1984). Costs are scaled to 
appropriate capacities usi11g the followi11g expo11ential scaling 
factors based on capacity: 0.6 for RH storage a11d O.B for CH 
storage. 

(c) Fractio11 of capital cost representi11g operating cost (minus canister 
and drum costs) estimated by authors based on analysis of operating 
costs in DOE/ET·002S (U.S. DOE 1979). 
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TABLE 0.3. Container Description and Cost 

Contai ner/Orum Size Material Tx~e Cost (mid-1983 $/container) 

55-gal drum Ga 1 vani zed mild steel 6o(a) 

55-gal drum Stainless steel 300 (b) 

80-gal drum Galvanized mild steel 12o(c) 

53-gal canister Stainless steel 8 wo(d,e) 
• 

160-gal canister Stainless steel 8,wo(d) 

160-gal canister Mild steel 2 ooo(b,f) • 
160-gal canister Mild steel 4,ooo(g) 

600-gal canister Stainless steel 14 5oo(d,h) • 
600-gal canister Mild steel 3 6oo(c) • 

(a) Rockwe 11-Hanford Operations costs for \~IPP qualified containers. 
(b) Estimated from cost of other container in this size using cost 

of fabricated stainless steel equal to 4 times the cost of 
fabricated mild steel. 

(c) Estimated by authors, based on costs for 55-gal drum. 
(d) From McKee et al. (1984) o 

(e) A canister is used for HLW (McKee et a; 0 1984) 0 

(f) This cost per canister is also used for LLW Class C. Cost is 
based on scaledown from larger, commercially available 
canisters. 

(g) Cost is for hot pressing canisters, to include cost of 
compressible inner canisters. 

(h} A canister is used for Option 1 because of process needs. 

The cask leasing charges are from the McKee et al. (1984) study and the 
freight charges are from a study by McNair et al. {1984). These transport 

charges are given in Table 0.5. 

As an example of how the transport costs were calculaterl, assume that some 
RH 55-gal drums with a surface dose <1 R/hr are to be transported. A shipment 

of these drums consists of 42 drums. The cask leasing fee for 55-gal drums is 

$200/day/cask. The round-trip transit time is 24 days. Since each shipment 

contains 3 casks, the cask leasing fee per shipment = ($200/day/cask) (24 days) 

(3 casks/shipment), or $14,400/shipment of 42 RH 55-gal drums with a surface 

• 

• 

dose less than 1 R/hr. It is assumed that each shipment is accompanied by an •• 

escort for $1,900 per shipment. The cost per shiJment of transporting a filled 

Do4 
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TABLE 0.4. Transportation Parameters for TRUW and HLW 

Number of 
Number of Transport Tran5port Packaai ng 

Weiqht, k(1/cask (e) Containers/ Packaqin~/ 
Transport Rai I Type ot Rail PacR:aq1nq 

Waste and Container Type Packaqinq Shipment Cask Empty 

RH TRUW 

55-qa I drum, <I R(b) 14 3 CNS14-170(c) 72,600 

55-qal drum, >I R(b) 7 3 CNS7-100(c) 72,600 

80-qal drum, <I R(bl 10 3 CNS14-l70(c) 72,600 

80-ga I drum, >I R(bl 5 3 CNS7-100(c) 72,600 

160-ga I canister 7(d) DHLW-ra 1 I (e l 80, 500 

600-qa I canister Claddinq ( ) 
hulls-rail c 70,800 

CH TRUW 

55-gal drum 54 2 TRUPACT(b) 36,300 

80-ga I drum 42 2 TRUPACT (bl 36,300 

160-ga I canister IB 2 TRUPACT(b) 36,300 

600-qal canister Cladding (b) 
hulls-rai I 70,800 

HLW 

200-L CHLW canister 12 CHLW-ra i I (b) 70,000 

320-L CHLW can i star 7 CHL\<1-ra i I ( bl 70,000 

(a) Source of these packaging weights is Wilmot et al. (\983), unless specified 
otherwise, 

(b) <1 R means surface dose rate <1 R/hr and >1 R means surface dose rate 
>1 R/hr, 

(c) Capacity of rail cask Is given by Wilmot et al, (1983). Cavity is 56 inches 
in diameter. 

(d) It is assumed that a DHLW cask can hold seven 160-qal canisters. 
(e) Capacity of rail cask is given by Wilmot et al, (1983), Cavity is 88 inches 

in diameter, 
(f) The maximum weight of a 600-gal canister from any of the TRUW treatment 

processes is 6,700 kq. This is added to the empty weight ot the 600 qal 
transport packaging weight (70,800 kg) to obtain the loaded weiqht of 
78,000 kq, 

loaded 

90,700 

90 '700 

90,700 

90,700 

90,700 

78 ooo<tl • 

63,500 

63,500 

63,500 

78 ooo<fl • 

80,300 

80,300 

cask containing ~~-gal rlrums of waste anrl then returning the empty cask is 

$30,500/ship~ent. Therefore the total cost of transporting the waste is the 

freight cost of $32,400 ($l,qnn + $30~560) plus the cask leasing fee of 

$14,400, for a total of $40,ROO. 

Tables n.o through n,q give the cost of transporting the waste generaterl 

from each treatment option. The costs are given hy waste type on a hasis of 
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TABLE D.5. Cask Leasing anrl Freight Charges for Transporting TRtiW anrl HLW 

Cask Leas i nq Charqes Freiqht Char~es(a) 

" '' 0 ' Cask ?Jnd 
Leas i nq Round Trip Leasinq Cask a~g) Fre i qhi" Fre i qht Nu"lber ot 

Waste and Rate, Transit Fee, Escort, Waste, F.-,e, ( harqe. Cnntiliners/ 
Container Type $/day/cask Time. days 'li/sh i nment $/sh i ormnt $/Sh i rmenT $/sh i nment $/sh i PMen"t Sh i oment 

KH TRU 

55-qa I drum, <I R( b) 200 24 14,400 1,900 30.560 32.460 46.860 42 

55-qal drum, >I R(bl 200 24 14,400 1 ,900 30,560 32,460 4b ,860 21 

80-qa I drum, " 
R(b) 200 " 14,400 1,900 30.560 32 ,46CJ 4h.fl6U jQ 

80-qal drum, >I R(b) 200 24 14,400 1 ,900 30,560 32 ,460 4b ,860 " 160-qal canister 2,750(c) 24 66,000 1. 900 32,000 33,900 901.900 7 

bOO-qal canister 1 ,HOD 24 43,200 1 ,900 27 '790 29,690 72,890 

CH TRU 

55-<::la I drum 800 22 35,200 1,900 18.760 20,660 5~ ,bt>O 1Ufl 

80-qa I drum 800 22 35 ,200 1 ,900 Hl ,760 20 ,660 :5, ,tl60 "' 160-qa I canister BOO 22 35.200 1,900 18,760 20,660 55 ,ObO 56 

600-qa I canister 1,800 24 43,2(10 1 ,900 27.790 29 ,090 72 ,f\40 

HLH 

200-L commercial HLW 
122,600(d) canister " 320-L commArcial HLH 
122 600(d) canister 

' 7 

(al rlased on round trip, 
(b) <1 R means the containers have a surface dose rate <1 f</hr, and >1 R r~eans the coniiliners llOVA il surtacA dOSe raitl 

>1 R/hr. 
(c) IT was assumed that the commArcial 1-tLW cask could hold seven 160-qal canisters. The cask-leasinq tee ilSsurne<J n CilDiial 

cost ot $2.'5 '1 (Rasmussen 1982) mid-1982 $. This tiqure was escalaied Oo mid-19fl3 $by Multiplyinq it by 1.1, 25:1' tor 
capital charqes, 10% tor armual maintenance, and 300 days/yr uti I izaiion. 

(d) This charqe is taken tr011 McKee et al, (1984). 
(e) The treiqht charqe to transport the cask containinq the weiqht was obtained by: 

(empty weiqht, kq) (0.181 $/kq) +(loaded weiqht, kq) (0.192 $/ko) 
wl>.ere thE> empty and I oaded wei q\lts aro qi ven "1 n Tub I e D A ilnd the rates 0 .151 $/kq and 0.1 qz 1>/ko are sh i flfl i nq rdtes t rom 
McNair et al. (19B4) • 
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TABLE 0.6. Transport Quantities and Costs for 1,500(MlU 
Reprocessed Waste/yr for Options 1 and 2 a 

• 0 t ion 1 Oet; on 2 
Waste Type and Number of Transport Number of Transport 
Container Size Containers/l'_r Cost, $M/yr Contai ners/yr Cost, $M/yr 

• Hulls and hardware 
RH, 60 gal 0 0 350.5 5.00 
RH, 600 gal 300 21.87 0 0 

Failed equipment 
CH, 55 gal 70 0.04 0 0 
CH, 160 gal 0 0 21.8 0.03 
CH, 600 ga 1 4 0,2g 0 0 
RH, 160 gal 0 0 6.9 0.10 
RH, 600 ga 1 4 0.29 0 0 

Filters 
CH, 55 ga 1 50 0.03 0 0 
CH, 80 gal 1,114 0.74 0 0 
CH, 160 ga 1 0 0 27.9 0.04 
RH, 80 gal, <1 R/hr 108 0.17 0 0 
RH, 80 gal, >1 R/hr 25 0.08 0 0 
RH, 160 gal 0 0 39.9 0.57 
RH, 600 ga 1 44 3.21 0 0 

Fluorinator solids 
RH, 55 gal, <1 R/hr 93 0.10 93 0.10 

GPT-SAC waste 
CH, 55 ga 1 540 0.28 0 0 
CH, 160 gal 0 0 41.5 0.06 
RH, 55 ga 1 , <1 R/hr 105 0.12 0 0 
RH, 55 g a 1 , >1 R/hr 93 0.21 0 0 
RH, 160 gal 0 0 64.8 0.92 
RH, 600 gal 37 2.70 0 0 

HLW 657.9 6.72 657.9 6. 72 
Tot a 1 Cost 36.85 13.54 

(a) Values are shown 
data to maintain 

in more significant figures than 
consistency of the calculations. 

the accuracy of the 

,, 
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TABLE 0.7. Transport Quantities and Costs for 1,500(M)U 
Reprocessed Waste/yr for Options 3 and 4 a 

oetion 3 0 tion 4 
Waste Type and Number of Transport Number of Transport • 
Container Size Contai ners/yr Cost, $Milr_ Containers/,tr Cost, $M/tr 

Hulls and hardware • 
R H, 160 gal 0 0 152.3 2.17 

RH, 600 g a 1 343 25.00 0 0 

Failed equipment 

CH, 55 ga 1 70 0.04 0 0 

CH, 160 gal 0 0 4.6 0.01 

CH, 600 ga 1 5 0.36 0 0 

RH, 160 gal 0 0 0.9 0.01 

RH, 600 ga 1 3 0.21 0 0 

Filters 

CH, 55 ga 1 131.4 0.07 0 0 

CH, 160 gal 0 0 3.g 0.01 

RH, 55 gal, <I R/hr 75.5 0.08 0 0 

RH, 55 gal, >I R/hr 53.1 0.12 0 0 

RH, 160 ga 1 0 0 3.7 0.05 

Fl uori nator so 1 ids 

RH, 160 gal 0 0 15.5 0.12 

GPT-SAC waste 

C H, 55 gal 170.5 0.09 0 0 

CH, 160 gal 0 0 3. 7 0.01 

RH, 55 ga 1, <1 R/hr 118.9 0.13 0 0 

RH, 55 g a 1 , >1 R/hr 88.6 0.20 0 0 

RH, 160 ga 1 0 0 5.6 0.08 

HLW 657.9 6.72 657.9 6. 72 

Total cost 33.03 9.18 

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

Waste Type and 
Container Size 

Hulls and hardware 

LLW, 160 gal 

HLW contribution(a) 

RH, 160 gal 

Failed equipment 

LLW, 160 gal 

HLW contribution(a) 

CH, 160 gal 

RH, 160 gal 

Filters 

LLW, 160 gal 

HLW contribution(a) 

Fluorinator solids 

LLW, 160 gal 

GPT-SAC waste 

LLW, 160 gal 

HLW contribution(a) 

CH, 160 gal 

RH, 55 gal, >1 R/hr 

RH, 160 gal 

HLW 

Total cost 

Transport Quantities and Costs fof ),500 MTU 
Reprocessed Waste/yr for Option 5 a 

Suboption 5A 
Number of Transport 

Containers/yr Cost, $M/yr 

657.9 
79.3(b) 

0 

16.7 

o.o5(b) 

6.5 

2.1 

35 .B 
3.5(b) 

34.0 

130.2 
0.3lb) 

0.7 

57.4 

1.1 

131.6lb) 

0.93 

4.58 

0 

0.0006 

0.003 

0.01 

0.03 

0.001 

0.20 

0.01 

0.005 

0.02 

0.001 

0.13 

0.02 

6. 72 

12.6 

Suboption 58 
Number of Trans~ort 

Containers/yr Cost, $M/yr 

657.9 
0.3(b) 

15.2 

16.7 

o.o5lb) 

6.5 

2 .1 

35.8 

3.5lb) 

34.0 

130.2 

0.3 

0. 7 

57.4 

1.1 

131.6(b) 

0.93 
--{) 

0.22 

0,0006 

--{) 

0.01 

0.03 

0.001 

--{) 

0.01 

0.005 

--{) 

0.001 

0.13 

0.02 

6. 72 

8.0 

I a) 

I b) 

Values are shown in more significant figures than the accuracy of the data 
to maintain c~nsistency of the calculations. 
Value is in m·/yr • 
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TABLE o.g. Transport Quantities and Costs fof y,500 MTU 
Reprocessed Waste/yr for Option 6 a 

Option 6 
Waste Type and Number of Transport 
Container Size Contai ners/yr Cost, $M/yr 

Hulls and hardware 
RH, 160 gal 152.3 2.17 

Failed equipment 

CH, 160 gal 4.6 0.01 

RH, 160 gal 1.0 0.01 

Filters 

CH, 55 gal 113.5 0.06 

RH, 55 gal <1 R/hr 36.8 0.04 
RH, 55 gal >1 R/hr 36.4 0.08 

Fluorinator solids 
LLW, 160 gal g4,6 0.04 

GPT, SAC waste 

CH, 55 gal 6.2 0.003 

CH, 160 gal 0.3 0.0005 

RH, 55 gal >1 R/hr 11.7 0.03 

RH, 160 gal 0.8 0.01 

HLW 657.9 6.72 

Total Cost g .17 

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

1,500 MTU/yr reprocessed. With Suboptions 5A and 58 (Table 0,8) additional HLW 

is generated during TRUW treatment. These HLW quantities are shown separately 

from the HLW produced from the liquid waste solidification as the HLW contri­

bution by waste type. Transport costs for LLW. in::luded in Tables 0.6 through 

0.10 

• 

.. 



• 

.. 

0.9 for Options 5 and 6, are discussed in Section n.2.2. Table 8.4 summarizes 

Tables n.f) through n.q and gives the total transport costs based on 1,500 r1T\J 

and 70,000 t1TU reprocessed. 

0.2.2 LLW Transport Cost Estimation 

The LLW produced in Suhoptions SA, 5R and Option 6 is transported by truck 

to a d·isposal facility 300 miles away in the eastern U.S. The low-level fuel 

hardware is highly radioactive and is therefore transported in a commercial 

cladding hulls cask. The shipment has a round trip transit time of 1.5 days 

(for a truck traveling 35 mi/hr, 12 hr/day, 600 miles round trip). The cask 

leasing fee for a commercial hulls cask is $1,275/day (adjusted 16% from lqRl 

dollars to 1983 dollars) (Wilmot et al. 1q83). The freight charges are 

$2,660/shipment UkNair et al. 1qR4). Therefore the total transport cost for 

the decontaminated hardware is $4,570/shipment [($1,275/day x 1.5 days) + 

$2,660)l. Each shipment contains only one 160-gal container of spent fuel 

hardware as LLW. 

The cost of transporting the other LLW (hulls, failed equipment, filters, 

fluorinator solids, and GPT-SAC waste) is hased on an analysis in DOE/LU~-6Td 

(EG~G Idaho 1qR3). Due to its low surface dose rate (see Section 0.3.2), it 

was assumed that the low-level failed equipment, filters, and GPT-SAC waste do 

not require shielding or a cask. It has a transport cost of $864/shipment 

(adjusted 16% from 1QR1 dollars to 1qR3 dollars). The volume of a shipment of 

waste not requiring shielding is 14.2 m3 (500 ft3). The hulls and fluorinator 

solids are classified as shielded waste. The cost of transporting shielded 

waste is $512/m 3, plus $870/shipment for leaslng the cask. Each shielded waste 

shipment contains 4.25 m3 (150 ft 3) of waste. Therefore the cost of trans­

porting shielded waste is $3,040/shipment. 

Table 0.10 gives the packaged volume of LLW from Options 5 anrl 6 and the 

cost of transporting it to a LLW disposal facility. These quantities are also 

included in Tables D.o through D.o • 
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TABLE 0.10. Quantities and Transport Costs for LLwia) 

1,500 MTU Rasis 70,00[1 MTU Rasis 
\4aste Type and Packaged 

3 
Number of 

Container Size Volume, m Shiements Cost, $M Cost, $f1 

Option 5 

Hulls 305 71.7 0.22 10.2 

Hardware 93.7 154.6 o. 71 33. [I 

Failed equipment 10 .1 o. 7 0.0006 0.03 

Filters 21.7 1.5 0.001 o. 06 

Fluorinator so 1 ids 20.6 4.8 0.01 0.7 

GPT -SAC waste 78.9 5.6 0.005 0.2 

Tot a 1 cost 0.95 44.2 

Option 6 

Fluorinator sol ids 57.3 13.4 0.04 1.9 

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

0.3 DISPOSAL COST ESTIMATIONS 

The di spas a 1 costs assume that the TRU~J and HLW are disposed at a repos i­

tory in basalt and that the LLW is disposed of at a low-level radioactive waste 

disposal facility. 

0.3.1 TRUW and HLW Disposal Cost Estimator 

The disposal costs for TRUW and HL\4 were estimated using a repository cost 

computer code RECON (Clark 1983), which gives the life-cycle construction anrl 

operating costs of a geologic repository. It was assumed that the repository 

has the capacity for 70,000 MTIJ of reprocessed waste, that it caul d accept both 

TRUW and HLW, that the RH TRU\•1 and HLW are placed remotely into horizontal 

borel10les, and that the CH TRUW containers are stacked in the corridors with 

overpack canisters. The computer r1odel includes labor requirefllents, rates, 

waste receiving, packing transport, emplacement, rock excavation, backfilling, 

sealing, and decommissioning. The repository used in RECON is based on the 

1983 reference design concept for tr1e miiP (Kaiser Enf)ineers Inc./Parsons, 

Brinkerhoff, Quade, and Douglas, Inc. 1983). 
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Table 0.11 gives the cost of disposing the TRUW and HLW listed in 

Table 7.9. This information is given in Table 8.5 by waste type. Table 8.5 

was obtained by dividing the values in Table 0.11 by the quantities of con­

tainers and drums in Table 7.9, which have been scaled for 70,000 MTU 

reprocessed • 

0.3.2 LLW Disposal Cost Estimation 

The LLW disposal facility at Barnwell, South Carolina is the representa­

(effective tive LLW disposal facility for 
January 1, 1984) for disposing 

this study. 
LLW at this 

The cost schedule 
facility is given in Appendix E. 

For Option 5, Table 0.12 lists, for each waste type, the parameters needed 

to obtain unit costs from the LLW disposal cost schedule in Appendix E. 

(Because the cost schedule in Appendix E is in English units, the discussion 

in this subsection is as well.) 

The number of 160-gal canisters/yr is taken from Tables 7.6 or 7.7. The 

lb/canister is obtained by taking the weight per waste type per year from 

Tables 7.6 or 7.7, dividing it by the number of canisters/yr and adding to this 

TABLE D .11. Disposal Co(t) for TRUW and HLW Based on 70,000 MTU 
Reprocessed a 

Tnt~l Cost, '" r::ont~ inTer Suboo- Suhop-
Size 0pT I on I 0Dtion 2 0DTion 3 notion 4 tion 'i~ T inn 'ih 0oT ion 6 

CH, ?'5 o~ I qg 0 lOR 0 0 0 71 

CH, RO n~l 205 0 0 0 0 0 0 

CH, lfiO n~ I 0 II' 0 " " 63 ' 
f:H, 600 aal 5 0 0 0 0 0 0 

RH, '5? na I 3?.? 109 392 0 " R2 lOR 

RH, RO nl'!l 147 0 0 0 0 0 0 

RH, 1 fi 0 n;oo I 0 122fi 0 m " " "' RH, fiOO na I 144A 0 1)4A 0 0 0 0 

HLW, ?(10 L 2fi3Q ?7Afi 777'5 301) ~?.Ofi )1fi4 2970 

To1"Ctl 4Afi7 4?40 4fi22 ~fi(l~ ~Vl4 )Vi? "Vi() I 

(R) Vrr lues are shnwn in rore sinnltlci'!nT tinures thi'!n the accuracv ot The riat"' To f'laintain 
consisTerJCV nf the calculaTions • 
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TABLE n.12. Parameters for n;sposal for LL~r fr.(om) Option 5 Aasec! 
on 1,500 t1TU Reprocesserl waste/yr a 

Fa i I ed F I uor i nator GPT-SAC 
Variable Hu I Is Hardware Eou i pmeni Fi 11"ers So I ids Waste 

--
~Jo. conta i ners/vr 503.3 154.6 If>. 7 35 .. 8 34.0 U0.2 
I b/can i ster 2,580 2' 150 2,905 I ,~i84 2 ,95R 1 ,076 

tt
3/vr 10 '760 3,310 357 76b 727 2. 785 

Radiation, R/hr <100 20,000 <0.0':> <0 .. 05 0.4 <0 .os 
Ci/shipment 3,600 27,000 <5 <5 38 ,, 
No. shioments 71.7 154.6 0.7 1.:. 4.8 5.57 

,,, Va I ues '" shown '" more s i qn it icant fiqures than 1·he accuracy of the data to 
maintain cons i stencv of the calculations. 

quantity the 100-gal canister tare weight of q5n lh. The volume of LL~/ rlis­

posed per year (ft 3/yr) is hased on the external 'ii'Olurrte of a lfiO-gal canister 

(21.4 tt 3). 

The dose rate of decontaminated hulls was estimaterl from the contained 
quantity of 60co. It was rleterrni nerl that there a1~e approximately ?E-5 Ci of 
60co per g of hulls. There are 7q7, 700 g of decontaminaterl hulls in a 160-gal 

canister, or 16 Ci of nnco. This was estimated hy the authors to give a 

surface rlose rate of 75 to 100 R/hr. 

For the curie content of the hulls, it was assul'lerl that after rlecontami­

nation, the prerlominant rarlionuclirles remaining woulrl he 3H, 14c, Q3zr anrl 

g3mNh, anrl that the quantities of these rarlionucl·ides would not change signifi­

cantly rlue to rlecontamination. narr (1QR3) specifies tint there are ahout 

23q,nnn Ci of these rarlionuclirles per year in the hulls, which is equivalent to 

ahout 470 Ci per lfiO-gal canister of decontaminatPd hulls. 

It is assumerl that rlecontamination of the fu!~l hardware has a negligihle 

impact on reducing its surface dose rate. In Oarr- (lqR3), a nnn-gal canister 

of hulls and hardware with a surface rlose rate of 4,nnn R/hr contains n2n kg of 

harrlware. It is estil"lated that 7fi% of this dose rate results from the fi 0co 

contained in the hardware anrl 24% results from 137cs, which is removed during 

decontamination. Therefore the surface rlose rate rlue to the harrlware is esti­

mated to he 7fi% of 4,fi00 R/hr, or 3,500 R/hr. There is twice as l"luch weight of 

low-level harrlware in a lf\0-gal container, anrl tne lf\0-gal container is ahout, 

0.14 
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3-1/2 times smaller. Therefore it is estimated that the surface dose rate of 

the low-level hulls canister is 7 times greater than 3,500 R/hr, or is about 

20,000 R/hr • 

For the curie content of the hardware, it was assumed that the 55Fe, 60co, 
and 63N; are all in the hardware and that the quantity of these radionuclides 

remains unchanged after decontamination. Darr (1983) specifies that there are 

42,000,000 Ci/yr of these radionuclides, which result in 27,000 Ci per 160-gal 

canister. 

The decontaminable failed equipment, filters, and GPT-SAC waste can be 

decontaminated such that the packaged surface dose rate is less than 0.05 

R/hr. It is estimated that a 160-gal canister of failed equipment, filters, 

and GPT-SAC waste as LLW would have a curie content of about 0.2 Ci. This 

estimate was obtained by setting up a ratio between dose rates and curie 

content given in Darr (1983). 

The report DOE/LLW-6Td (EG&G, Inc. 1983) specifies that shielded shipments 

(hulls and fluorinator solids) contain about 150 ft 3 of LLW, and shipments of 

waste requiring no shielding contain about 500 ft 3 of LLW. The hardware is 

shipped in a commercial hulls cask and is limited to 1 canister/cask and 

1 cask/shipment (McKee et al. 1984). 

It is assumed for Option 5 that the TRU fluorinator solids are mixed with 

the non-TRU fluorinator solids to form a LLW and that the final surface dose 

rate is the weighted average based on initial drum volume of all the drums of 

fluorinator solids blended. The final surface dose rate of the blended 

fluorinator solids is estimated to be 0.4 R/hr. It was assumed that an 

estimate of the curie content of the fluorinator solids can be obtained by 

taking a weighted average based on weight for all the fluorinator solids in 

stream 41 that are blended together. This results in a content of 

38 Ci/shipment. 

Table 0.13 gives the unit costs for disposing of the LLW by the different 

categories of the cost schedule in Appendix E • 
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TARLE 0.13. Unit Cost for LLW Oisposal by Cost Category 

GPT-SAC 
Cateqory Hu I Is Hardware Eau i omer.t l'i I tars So I ids "iaste 

Disposal, $/tt 3 14.50 14.5U 14.50 14.50 14.50 14.50 

Radiation, $/tt3 70 2 ,1 00 0 0 0 0 

Weiqht, $/container 250 250 250 ;:50 250 250 

Curies, $/shipment 6,000 17 ,600 500 ~;oo 1 ,500 500 

Perpetuity, $/ft3 4.75 4. 75 4. 75 4. 75 4.7J 4.75 

SC LLW tax, $/tt3(al 4 .oo 4.00 4.00 4.00 4.00 4.00 

Cask, $/shipment 500 500 0 0 500 0 

,,, South Caro I ina LLW tax. 

The rlisposal costs haserl on rarliation level anrl curie content for the 

hardware shipments were extrapolated from the rates given on the rate scherlule 

in Appenrlix E hecause the harrlware has a high rarliation level n.nrl curie con­

tent. It was assumerl that the LLW facility will accept these shipments. A 

least squares fit of the natural log of the surface rlose rate (anrl curie con­

tent) from the rate scherlule in Appenrlix E versus the n.ssociaterl cost was per­

formerl. Plotting these points verifierl that the :ost per shipment increases 

exponentially with surface rlose rate (anrl curie cMtF!nt). The rlisposal costs 

of the hardware shipments were approximated hy extrapolating these points to 

the surface close rate anrl curie content associ ate1j with the rlecontami nated 

hardware. 

Tahle 0.14 gives the rlisposal costs per year for the LLW from Option 5 by 

cost category. Also inclurlerl are the total costs haserl on 1,500 ~1Tll and 70,000 

MTII. 

Some LLW is generated in Option n from cementation of the fluorinator 

solirls. The rlisposal parameters for the fluorinator solirls are: 

No. of 100 gal containers = Q4.fi 

Weight, lh/container = 734 + QSO = 1,700 

Voluflle, n 3;yr = l,QR4 

Rarliation, R/hr = !/?(initial surface rlosel = l/?(O.R73 R/hrl = n.44 

n .1 fi 
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TABLE o.14. Disposal Costs for LLW from Option 5 I a) 

Cost, $M/yr Tot a I, 'b/~1 

Fa i I ed Fluorlnator GPT-5AC 
Category Hu I Is Hardware Equ i Df'lent Filters So I ids waste I , SDO MTU 70,000 

Disposal 0,156 0,048 0.005 0.0 I 1 0.011 0,040 0,27 12.6 

Radiation o. 7 53 6,951 0 0 0 0 7. 70 3J<J.5 

Wei qht 0.126 0,039 0.004 0.009 0,009 0 .033 o.n 10.3 

Curies 0,430 2,721 0,0004 0.0007 0,007 0.003 .),16 147.6 

Peroetu i ty 0,051 0,016 0.002 0.004 0.003 0 .o 13 0,09 4.2 

SC LLW tax(b) 0,043 0,013 0.001 0,003 0,003 o.o 11 (),07 3.5 

Cask 0,036 0,077 0 0 0.002 0 0.\2 5.4 

Total 1.595 9,865 0,012 0,028 0.035 0,100 11.63 543. 1 

,,, Values are shown in more significant figures than the accuracy of the data to maintain 

(b) 
consistency of the calculations. 
South Carol ina LLW tax. 

Ci/shipment = 1400 Ci/15,136 gal)(1,12< gal/150 ft 3)1!50 ft 3/shipment) 

= 30 

No. shipments = 13.0 

MTlJ 

The disposal costs for thP cementerl LLW from Option I) 'lro lie; ton ;., T;:~hlo n. Fi. 

TARLE 0.15. n; sposa 1 Costs for LLW from Option fi''"' 

Cost I~ l Raserl on 
1.1on tiTII 

Category Reprocesserl 

n;sposal 2,000 

Rarliation n 
Weight (3,fi50 

Curies 1q,5no 

Perpetuity q,400 

SC LLW taxlh) R,nno 
Cask n,sno 

Tot a 1 hased on 1, 500 tHII reprocessed nq,osn 

Total haserl on 7n,onn tntl reprocessed 3,?nn,nnn 

(a) Values are shown in more significant fiqures than the 
ilccuracy of the rlatn to naint.1in consistency of the 
calculations. 

(h) South Carolina LLW tax. 
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APPENDIX E 

RATE SCHEDULE FOR THE BARNIIELL LOW-LEVEL 
RADIOACTIVE IIASTE DISPOSAL FACILITY(a) 

All radwaste material shall comply with Department of Transportation 

packaging specifications in accordance with Title 49 and Title 10 of the Code 

of Federal Regulations, CNSI 1 s Nuclear Regulatory Commission and South Carolina 

Radioactive Material Licenses, CNSI 1 s Rarnwell Site Disposal Criteria, and 

amendments thereto. 

I. DISPOSAL CHARGES: (Not including surcharges) 

A. $14.50 per cubic foot, but not less than $300.00 per shipment 

2. SURCHARGES: 

A. Radiation Surcharges - steel drums, boxes, and liners: 

Maximum Radiation Level 
at Package Surface (R/hr) 

0 0.050 
0.051 0.100 
O.I01 o. 250 
0.251 o. 500 
o. 501 1 
I.OOI 5 
5.001 10 

10.001 25 
15.001 50 
50.001 75 
75.001 100 

100.001 125 
125.001 250 
250.001 500 
500.001 1000 

1,000.001 5000 
Greater than 5000 R/hr 

Radiation Surcharge 
(I per cubic foot) 

No surcharge 
$ 5.00 

B.OO 
IO.OO 
I3.00 
15.00 
20.00 
30.00 
40.00 
50.00 
70.00 
80.00 

100.00 
200.00 
300. 00 
400.00 

By Special Request 

I a) This rate schedule, from Chem-Nuclear Systems, Inc., was effective 
January 1, 1984, and was used to calculate the LUJ disposal costs 
in Appendix D. 

E .1 



B. Weight Surcharges 

Weight of Container 

0 
1,000 -
5,000 
10,000 -
20,000 -
30,000 -
40,000 -
greater than 

1,000 lb 
5,000 lb 
10,000 lb 
20,000 lb 
30,000 lb 
40,000 lb 
50,000 lb 
50,000 lb 

C. Curie Surcharges: 

Curie Content 

0 
1.001 
5.001 
15.001 
25.001 
50.001 
75.001 
100.001 
150.001 
250.001 
500.001 
1,000.001 -
Greater than 

1 
5 
15 
25 
50 
75 
100 
150 
250 
500 
1,000 
5,000 
5,000 

Surcharge Per Container 

No Surcha "ge 
$ 250.000 

500.00 
750.00 
1,000 .. 00 
1,500 .. 00 
2,000 .. 00 

By Special Request 

Surcharge Per Shipment 

No Surcharge 
$ 500.00 

750.00 
1,000.00 
1,500.00 
2,000.00 
2,500.00 
3,000. JO 
4,000.00 
5,000.00 
6,000.00 
8,000.00 

By Special Request 

D. Biological Tissue Surcharge $ 1.00 pE!r cubic foot 

E. Special handling surcharge: Applicable on 
unusually large or bulky containers 

3. CASK HANDLING FEE 

4. TAXES AND SPECIAL FUNDS 

A. Perpetuity Escrow Fund 

$500.00 per cask, 
minimum 

$2.25 per cubic foot 
2.50 per cubic foot 

effective April 5, 1984 

B. S.C. Low Level Radioactive W?st~ 
Disposal Tax $4.00 per cubic foot 
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C. Barnwell County Business License Tax: 
A 2.4% Barnwell County Business License Tax shall be added to the 
total of all disposal fees. 

NOTE: Fees noted in Item 34, A, B, and C shall be stated separately on all 
disposal invoices. 

5. MISCELLANEOUS: 

A. Transport vehicles which are provided with additional shielding 
features may be subject to a minimum handling fee of $150.00 per 
use. Such a fee covers additional handling and labor required for 
special equipment set up and temporary shield removal. 

B. Decontamination services (if required): $50.00 per man-hour plus 
supplies at current CNSI rate. 

C. Customers may be charged for all special services as described in the 
Barnwell Site Disposal Criteria. 

D. Terms of payment are NET 30 DAYS upon presentation of invoices. A 
service charge per month of the maximum rate permitted by law may be 
levied on accounts paid after thirty (30) days. 

E. Company purchase orders or a written letter of authorization in form 
and substance acceptable to CNSI shall be received before receipt of 
radioactive waste material at the Barnwell Disposal Site and shall 
refer to CNSI's Radioactive Material Licenses, the Barnwell Site 
Disposal Criteria, and subsequent changes thereto. 

F. All shipments shall receive a CNSI allocation number and conform to 
the Prior Notification Plan. Additional information may be obtained 
at (803) 259-3577 or (803) 259-3578. 

G. This Rate Schedule is subject to change and does not constitute an 
offer of contract which is capable of being accepted by any party. 

H. A charge of $5,000.00 is applicable to all shipments which require 
special site set-up for waste disposal. 
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APPENDIX F 

AD8ITI ONAL I NF0Rf1A TI ON ON THE EVALUATION OF PROCESSING CHARACTERISTICS 

This appendix provides arlrlitional information on the processing charac­

teristics evaluation of the treatment options as presented in Section g. 

Tahl es F .1 through F .4 were rleve 1 oped by the authors after cons i<'1erab l e 

discussion of background relating to the factors and qualitative ratings. 

Table F.l gives the results of evaluations relating to operational safety. 

Some abbreviated explanations of the ratings are provided helow. 

Option 1 - no treatment - has low accident potential for most 

operations, since there is no extra handling of the wastes or equip­

ment. However, the waste does contain combustibles anrl fuel clad­

ding hull fines that may be pyrophoric, anci thus the no treatment 

option does involve some risk of fire. 

Option?.- minimufl1 treatment- has a potential for fire or 

explosion because of the potential for qenerating hull fines and for 

initiating a pyrophoric chemical reaction during cor1paction. Since 

the mechanical compaction presses would be operated remotely, the 

compaction process would present a low hazard to personnel. The 

contact handled shrerlrler, however, would provirle so111e mechanical 

hazard to operating personnel. 

Option 3 -minimum nur1her of processes anrl prorlucts - involves 

incorporating the hulls into cement, thus reducing the fire 

hazard. Rut this option would also involve some mechanical opera­

tions in the proximity of operating personnel for treatment of other 

waste. 

Option 4- maximum volume reduction without rlecontamination -

uses several operations involving high temperatures, the transfer of 

molten material, anrl incineration, all of which have an associated 

fire hazard anrl radiochemical volatility potential. Shrerlrling and 

other mechanical handling operations would expose operating 

F.l 



TABLE F .1. Qualitative Comparison of Relative O?e)ational Safety 
Six TRlJW Treatment Options a Among the 

Fire or Over a I I 
Treatment Chemical Exo I os ion Mechanical Electrical Radiochemical Opera+ i ona I 
Options Hazard Potentia I Hazard Hazard ReI ease Safety -----

I • No Very Very Very Very Very 
treatment good Good qood qcod good good 

2. Minimum VP.ry Very Very 
treatment qood f·1oderate Good qcod qood Good 

3. Minimum 
number of VEry Very 
processes Good Good Good qood qood Good 

4. Maximum 
vo I ume 
reduction 

Fair ( bl without Good Fair Fair Fair Fair 
decon. 

5. f1aximum 
vo I ume 
reduction 

Moderate(b) with decon. Moderate Fair Fair f1cderate Moderate 

6. Noncombus-
tible waste 

Fair (b) forms Good Moderate Fair tolcderate Moderate 

(a) Rat i nqs tor each hazard cateqory are reI at i ve even Though a I I The hazards are be I i eved 
to be acceptable wiTh conventional desiqn and operatinq practices. RaTinqs ranqe tram 
very good (most favorable) to fair (least favorable). No attempt is made To deTermine 
which hazard cateqory is the most important. 

(b) Off-qas systems are available to conTrol radiochemicel releases To sate levels. 

personnel to some of these hazards. The melting and shredding equip­

ment would use high electrical current usage and would therefore 

increase this hazard. 

Option 5 - maximum volume reduction with decontamination 

causes some concern ahout the handling of liquid nitrogen and fuel 

clarlcling hulls, since the decontamination opE·ration would generate a 

fine zirconium powder as material is removed from the hull surface. 

Some of this fine material woulrl remain as a metal powder anct may 

have pyrophori c tenrlenci es rluri ng 1 ag storagE· anrl 1 ater process oper­

ations. Since the melting of the metallic wastes would he avoicled, 

there would he less opportunity for volatilizing the raclionuclirles. 

necontamination residues would still he immobilized, hut the quantity 
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of material requiring treatment for repository rlisposal is much less 

for Option S than for the other options. While elPctrical power 

requirements will likely he less for Option 5 than for the options 

using melting, the operations will still likely use significant elec­

trical power. 

Option n - noncombustible waste forms is similar in part to 

Option 4 (maximum volume rerluction without rlecontamination), and it 

therefore has similar safety considerations. However, Option n has 

lower fire anrl explosion potential because f~wer high-temperature 

processes are utilized anrl no fuel clarlrling hull fines are pro­

rlucerl. Option n woulrl also use less lower electrical power usage 

than Option 4 and would therefore have lower potential electrical 

hazarrls. Since cement is one of the waste forms, there would he some 

potential for rarliolytic gas generation. 

The complexity of the treatment processes is comparerl qualitatively hy the 

number of processes and the number of steps in the process. In general, the 

more complex the treatment, the greater the cost of the process equipment and 

the facility space, the greater the likelihood of process upsets anrl equipment 

failure, anrl therefore the lower the operating efficiency of the process as a 

whole. For this assessment, two measures of process complexity were determined 

nnd are shown in Table F .2. The two measures consist of the number of major 

process units requirerl anrl the number of major flowsheet steps shown in Sec­

tion 7 for each of the respective treatment strategies. In the last column in 

Table F.2, the process simplicity (i.e., inverse of complexity) is derived and 

is given in Table g.2. 

The status of technology in this study was qualitatively classifier\ hy the 

stage of development of the harrlware: conceptual, laboratory or bench scale, 

nonradioactive pilot or engineering scale, or rarlioactively operational. This 

distinction, based on the knowledge of the authors anrl on review of the litera­

ture, is shown in Table F.3. The judgments are haserl primarily on the use of 

the process for the specific wastes of interest in this study and the state of 

development of the equipment; previous applications of the technology to waste 

treatments are also recognizerl. In the last colur1n of Table F.1, the overall 

qualitative rating is rlerived anrl is given in Table q.?. 
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TARLE F.~. nualitative Comparison of Relative Process Simplicity 
for the Six TRUW Treatment Options 

Treatment Option 

I • No treatment 

'· Minimum treatment 

3. Minimum number of 
processes ood 
products 

'· Maximum vo I ume 
reduction without 
decontamination 

'· Maximum vo I ume 
reduction with 
decontamination 

6, Noncombustible 
waste forms 

Process Units(a) 

None 

RH compactor 
RH size reduction 
CH size reduction 

CH shredder 
RH shredder 
RH in-drum cement ~ixer 
RH external cement ~ixer 

RH melter tor Metals and ceramics 
RH shredder 
RH incinerator 
RH low-temperature, hot press 

Hu I I cryoqen i c cracker 
RH centritu~al barrel finisher 
RH compactor 
RH shredder 
RH b I ender 
RH vibratory finisher 
RH incinerator idl 
LLW cement mixer 
CH precipitator 
RH high-temperature hot press 

(Option 58 onlvl 

RH me Iter tor meta Is 
CH shredder 
RH shredder 
RH inc i r1erator 
RH in-drum cement mixer 

Number of Stags 
in Fl owsheet ( l 

7 

9 

12 

15 

II 

Over a I I 
Simp I icity(cl 

Very qood 

Good 

Good 

~derate 

Fair 

Moderate 

(a) An effective assay system is required tor each option. Sc,rtinq is not shown as a process 
unit but wi II be required tor several options. 

(bl Taken from Section 7, 
(c) The relative ratings are from very qood (the most favorable) to fair (the least favorable 

in the group), 
(d) May already be available in the existing LLW treatment facility, 

A qualitative comparison was mane of the fle;dhility of the procP.SSes to 

handle a variety of waste characteristics. This 1'/as none hy first qualita­

tively evaluating the flexibility of each process step, as shown in the 

Column 3 of Table F.4. In the last column of Tah.le F.4, the overall qualita­

tive rating is clerived and is given in Tahle 9.2. 

F .4 



TAAL£ F.3. nualitative Comparison of the Status of Technology 
for the Six TRUW Treatment Options 

Treatment Option 

1, No treatment 

2, Minimum treatment 

3, Minimum number 
of processes 
and products 

4, Maximum volume 
reduction without 
decontamination 

5. Maximum volume 
reduction with 
decontamination 

6, Noncombustible 
waste forms 

Process ( al 

None 

RH compactor 
CH size reduction 
RH size reduction 

CH shredder 
RH shredder 
RH in-drum cement mixer 
RH external cement mixer 

RH melter 
RH shredder 
RH incinerator 
RH low-temperature hot press 

Hu 1 1 cryogenic cracker 
RH centrifuqal barrel finisher 
RH compactor 
RH shredder 
RH blender 
RH vibratory finisher 
RH incinerator ( l 
LLW cement mixer c 
Precipitator 
RH high-temperature hot press 

(Option 56 onlyl 

RH melter tor metals 
CH shredder 
RH shredder 
RH incinerator 
RH in-drum cement mixer 

Status of Techno I ogy 

Operation a I 

Operational 
Operation a I 
Cold pi lot scale 

Operation a I 
Cold pilot scale 
Operation a I 
Operation a I 

Cold pi lot scale 
Cold pi lot scale 
Contact operational 
Conceptual 

Conceptual 
Bench sea I e 
Operational 
Contact operation a I 
Operation a I 
Cold oi lot scale 
Contact operation a I 
Operation a I 
Conceptua I 
Laboratory sea I e 

Cold pi lot scale 
Operational 
Cold oi loT scale 
Contact operationa I 
Operat i ona I 

(a) An effective assay system is required tor each of the options, 

Over a I I 
Status (bJ 

Very qood 

Very qood 

Very qood 

Moderate 

Fair 

Good 

(b) The relative ratinqs are from very qood (the most favorable) to fair (the least 
favorable in the qroup). 

(c) May already be avai I able in the existing LLW treatment taci I ity, 
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TABLE F.4. Qualitative Comparison of Process Flexihility for the Six TRUW 
Treatment Options 

Treatment Option 

1. No treatmer.t 

2. Minimum treatment 

3. Minimum number of 
processes and 
products 

4. t~aximum volume 
reduction without 
decontamination 

5. Maximum volume 
reduction with 
decontamination 

6. Noncombust i b I e 
waste forms 

Process Units(a) 

None 

RH compactor 
CH size reduction 
RH size reduction 

CH shredder 
RH shredder 
RH in-drum cement mixer 
RH external cement mixer 

RH melter 
RH shredder 
RH incinerator 
RH I ow-temperature hot press 

Hu I I cracker 
RH ce11tr i tuqa I barre I finisher 
RH compactor 
RH shredder 
RH blertder 
RH vibratory finisher 
RH incinerator ( ) 
LLW cement mixer c 
Precipitator 
RH high-temperature hot press 

(OpTion 5B only) 

RH metal I ic me Iter 
CH shredder 
RH shredder 
RH inc 1 nerator 
RH in-drum cement mixer 

(a) An effective assay system is required tor each option. 

Flexibility of ,,, 
P·ocass Steps 

Very qood 

Good 
Very qood 
Good 

Good 
Good 
Very qood 
Very qood 

Good 
Good 
Fair 
Fair 

Fair 
Fair 
Good 
Good 
Good 
Fair 
Fair 
Very qood 
Good 
Fair 

Good 
Good 
Good 
FaIr 
Very good 

Over a I I Pro1e~s 
Flexibility b 

Very qood 

Good 

Good 

Fair 

Fair 

Good 

(b) The relative ratlnqs are from very qood (the most favorable) to fair (The least favorable 
in the group). 

(c) May already be avai I able in the existing LLW treatment faci I i-ty. 
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