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COST/BENEFIT ANALYSIS FOR SELECTED WASTE MINIMIZATION TECHNOLOGIES AT TA-55 

Stephen T. Boerigter 
Los Alamos National Laboratory 
MS F609 
Los Alamos, NM 87545 
(505) 665-1334 

ABSTRACT 

The plutonium facility at the Los Alamos National 
Laboratory (LANL) is one of the few remaining 
plutonium-handling facilities in the United States with 
significant operational capability. In recent years a great 
deal of attention has been focused on the waste streams 
generated by the plutonium facility. The costs of properly 
treating these streams has risen significantly. This paper 
discusses the characterization of several proposed 
radioactive waste minimization technologies as a function 
of Return on Investment (ROI). In particular, the 
Department of Energy (DOE) Environmental Management 
program (EM) has identified a specific funding channel for 
such technology development activities, but this funding 
channel requires a restrictive definition of ROI. Here, a 
simple extension to the required ROI equation is used to 
capture the lifecycle ROI due to offsets in future capital 
charges resulting from present spending.* 

I. BACKGROUND 
The legacy of the Cold War for DOE is large 

quantities of nuclear materials requiring disposal or safe 
storage and a collection of sites and facilities across the 
United States that are contaminated with plutonium, 
uranium, tritium, and beryllium. As such, the focus of 
DOE has turned from the manufacture of nuclear weapons 
to the environmental restoration of these facilities. This 
effort will involve the processing, treatment, and 
permanent disposal of residue material and wastes, the 
decontamination of buildings and equipment, and the 
potential restoration of facilities for economic conversion. 

Concurrent with this change of mission and in part 
because of it, another change has been underway at sites in 
the DOE Weapons Complex. The current "greening" of 
our government and society has raised considerable public 
awareness of the environmental responsibility of the DOE 
and its contractors. This, in turn, has led to a focus on 

Environment, Safety, and Health (ES&H) issues. The 
regulatory atmosphere dictates that safety of the worker 
and the public, and environmental protection will be the 
controlling concerns in selecting courses of action for 
dealing with the clean-up issues. Given the many 
regulations that must be followed and approvals required 
before any actions can begin, residues and wastes continue 
to reside at DOE facilities awaiting decisions regarding 
their final disposition. 

The pressures mentioned above have provided a 
strong impetus to changing the paradigm for plutonium 
operations. Historically, plutonium-handling operations, 
particularly plutonium recovery operations, were driven 
by the need to recover materials where economically 
feasible. Hence the economic discard limit (EDL) 
concept. The economics were driven by computing the 
cost of plutonium recovery versus the cost of plutonium 
production. In general, operations assumed that waste 
management was a minimal problem and that any wastes 
generated by a particular process were acceptable. Further, 
materials that were difficult to process were stored for 
processing at some "later" date. Finally, waste 
management infrastructures were built at the major 
plutonium-handling sites, Rocky Flats, Savannah River, 
Hanford, and Los Alamos, around the output streams of 
the principal plutonium-handling facilities. 

Today, however, plutonium operations at all DOE 
sites are dominated by dealing with the "legacy wastes" 
from the production days. Cleanup and continued 
operations require that the waste management issues be 
viewed in an entirely different way than in the past. The 
new paradigm for plutonium handling suggests that 
plutonium product purity and economic recovery are not 
the principal drivers, but that cost and risk minimization 
should drive operations. Given the increasing 
environmental awareness described above, we observe that 
the handling and processing of wastes can dominate the 
cost of plutonium operations. Thus, the new paradigm 
requires new waste minimization technologies that 
address the large costs with supporting the waste 
management infrastructure. ' The cost numbers used in this report were developed 

during the summer of 1995. Since that time, significant 
changes have been made to the programmatic activities 
affecting radioactive liquid waste at LANL. 



Simultaneously, the budgetary pressures on DOE 
facilities are significantly greater than in the past. The 
budget pressures on facility missions and the need to 
expend more resources on ES&H are opposed to each 
other. With the recent announcement of the Stockpile 
Stewardship and Management draft Programmatic 
Environment Impact Statement, more active missions are 
likely in the LANL plutonium facility (TA-55). Thus, 
the need is urgent to implement waste minimization 
technologies. Without new waste minimization 
technologies, these missions may be constrained by waste 
generation and handling issues. To achieve both goals a 
better understanding of the impacts of technology 
development programs from an investment perspective is 
required. In particular, the avoided costs due to 
implementation of specific technologies must be assessed 
to properly evaluate the out-year cost savings. 

H. REQUIREMENTS 

Focusing on TA-55, we find four major areas where 
changing requirements drive toward a shift in the 
operational philosophy: a changing regulatory 
environment (changing with respect to operations 
conducted during the 1980s), an increased public 
participation and awareness of waste generation issues, a 
deteriorating waste management infrastructure, and 
changing operational considerations driven in part by a 
potential shift in mission emphasis at TA-55. 

Considering the regulatory environment, the most 
significant impact is brought by the Federal Facilities 
Compliance Act of 1992 (FFCA). This Act eliminated 
the sovereign immunity that DOE facilities have enjoyed 
from Environmental Protection Agency (EPA) and state 
regulation (in the case of New Mexico, the New Mexico 
Environment Department - NMED). At present the 
Laboratory and NMED are still negotiating the details of 
several agreements generated as a result of the FFCA. By 
exempting sovereign immunity, the FFCA requires that 
TA-55 operations comply with a myriad of regulations 
that are generally new, at least in detail, to plutonium 
facilities. These include issues such as Operational Safety 
and Health Administration (OSHA) regulations, National 
Emission Standards for Hazardous Air Pollutants 
(NESHAP) and National Pollution Discharge Elimination 
System (NPDES) permits, Resource Conservation and 
Recovery Act (RCRA)-listed materials and storage 
operations, etc. 

The FFCA is not the only major regulatory hurdle at 
DOE facilities. Another important constraint is 
Presidential Executive Order 12856. This order presents 
various milestones for waste reduction within the federal 
government, including TA-55. 

regulatory bodies, but in the form of performance metrics 
and as a function of increased awareness. For example, 
waste minimization has been explicitly listed as a goal in 
the present UC/DOE contract. Further, it has been 
established as a LANL strategic goal to reduce waste 
generation by 90% by the year 2000. These types of 
issues are not binding, but they have contributed to the 
increased scrutiny of processing operations that generate 
difficult-to-handle wastes. 

The third important area impacting waste 
management decisions is the deterioration of portions of 
the waste management infrastructure. When weapons 
material production was of paramount importance, space 
in the TA-55 facility was utilized specifically to meet 
production goals and product purity specifications. 
Plutonium-contaminated output streams were handled in a 
Hazard Class II pretreatment facility at the present 
radioactive liquid waste treatment plant (TA-50). The 
TA-50 complex is aged and deteriorating, however. 
Further, this facility was not constructed for present safely 
regulations. A new Radioactive Liquid Waste Treatment 
Facility (RLWTF) is in the Conceptual Design Report 
(CDR) phase and will be completed at about the turn of 
the century. If the outfall from TA-55 were to be treated 
internal to TA-55, then the Hazard Class II pretreatment 
capability and associated collection systems need not be 
replaced. Several of the proposed technologies are focused 
on effecting the radioactive liquid waste streams within 
TA-55 and these streams are, at present, handled by TA-
50. 

Coupled with specific waste generation reduction 
goals, several other operational considerations need to be 
evaluated as they impact waste handling technologies at 
TA-55. In particular, personnel radiation dose has 
become a major safety issue. At present, the whole body 
and extremity dose is too high in the plutonium facility 
vault. One particular reason for the high radiation fields is 
the large amount of intermediate forms of plutonium 
stored in the vault; e.g., chloride salts, hydroxide 
sludges, etc. Thus, the radiation levels in the vault 
would be substantially reduced if significant residue 
consolidation operations were undertaken. The reduction 
in these radiation fields not only lowers worker doses, but 
also increases worker efficiency as specific practices related 
to the high radiation fields may not be required. In the 
near future, however, radiation doses may rise as the vault 
workoff program addresses the issue of the storage of 
intermediate residue forms under the DOE response to 
Defense Nuclear Facilities Safety Board (DNFSB) 
Recommendation 94-1. 

Several other sources of pressure affecting waste 
minimization goals have emerged in recent years not from 



m. ANALYSIS APPROACH 

A. Methodology 

This paper sets out to quantify the cost impacts of 
new waste minimization technologies deployed at TA-55. 
In doing so, it provides a quantitative basis for judging 
the ROI with respect to these technologies. For each 
technology, the ROI has been calculated based upon 
analyzing the costs of implementation versus the cost 
savings upon implementation. This cost analysis 
paradigm is slightly different than the standard version of 
the ROI computations. This technique includes the 
capability to assess the large cost savings that can be 
attributed to reduced future capital needs. The technique 
presented here for ROI calculation also differs from 
tradition Internal Rate of Return type calculations in that 
it does not focus on rate-related phenomena. This is 
because the ROI calculation used for EM funding does not 
have this characteristic. The goal was to use a calculation 
similar to the ROI calculation required mom the funding 
agency, but one that more completely deals with future 
capital-related effects. 

For each technology, specific feed streams or 
operational modifications were identified. Detailed 
material balances were developed. The cost of 
implementation for each technology was broken down 
into three capital categories: Development Costs, 
Equipment Costs, and Installation Costs. Operational 
costs for each technology were also computed based upon 
personnel loading, impacts on primary waste streams and 
impacts on secondary waste streams (such as solid 
transuranic (TRU) waste and solid low-level waste 
generated in the form of room trash. The detailed material 
balance assumptions and calculations as well as the 
detailed capital and operational cost estimates have not 
been reproduced in this paper. [See reference I for detailed 
material balances and cost calculations.] Instead, the 
focus of this paper is to identify the issues with respect to 
waste minimization technologies in general, identify a 
more appropriate ROI type of calculation that 
encompasses a lifecycle view, and to provide a brief 
summary of the studied waste minimization technologies 
with their respective ROI. 

B. General ROI Analysis Assumptions 

In this section, we present the basic assumptions 
used for all technology ROI calculations. They provide 
the framework from which appropriate technology 
comparisons are conducted. Governing all of the analysis, 
we assume that the present operational and environment 
regulations will remain unless planned changes are 
known. Further, we assume that each technology will be 
evaluated singularly. 

Each waste minimization technology evaluated in 
this report affects a particular material flow as part or" 
plutonium processing operations. Most of these 
technologies address TRU liquid waste streams. Cost 
effects on unit operations were evaluated by determining 
the unit operation impacts of deployment of the waste 
minimization technologies. To provide the unit 
operation impacts, a material balance was prepared around 
the effected operations. To guide the material balance and 
process flow calculations, we assumed that the teed 
streams for processing operations are based on engineering 
judgment that combines historical experience with 
knowledge of planned activities. In general, the 
quantitative basis for future effluent streams is assumed to 
be similar to those observed in 1989. This approach is 
consistent also with using 1989 as the basis for waste 
reduction in meeting the University of California 
Performance Measures. 

The issue of secondary waste generation is frequently 
forgotten in typical analysis of waste technology 
performance. This effort focuses on total system impacts 
of deployment in given technologies. As part of that 
system impact, the effect on secondary waste generation, 
both TRU and low-level radioactive waste (LLW), were 
evaluated. Sanitary waste is very inexpensive to process 
compared to LLW and TRU waste and was therefore not 
assessed. For a quantitative basis of secondary waste 
generation we assumed that it is nominally proportional 
to floorspace or number of gloveboxes used. 

As mentioned previously, the critical component of 
this analysis is the inclusion of future capital effects. As 
such, the impacts of implementation of a waste 
minimization technology on the new radioactive liquid 
waste treatment facility must be considered. Under the 
present operating conditions, two liquid waste streams 
from TA-55 do not meet the TA-50 waste acceptance 
criteria (WAC). For this reason, TA-50 has a 
pretreatment facility to process these wastes to the general 
WAC. This pretrearment facility must be a Hazard Class 
II facility, making it more expensive to build and operate. 

The new RLWTF may also have a pretreatment 
facility and collection system built to Hazard Class II 
standards. However, if TA-55 operations discharged 
materials that met the WAC, then the new pretreatment 
facility and separate collection system would not have to 
be built. The elimination of these requirements on the 
new RLWTF would save S18M in capital costs for the 
new RLWTF. 3 Further, an estimated reduction in 
operational costs of SlM/yr. would be realized. Some 
uncertainty exists, however, as to whether or not removal 
of the pretreatment capability at the new RLWTF is 
appropriate. To account for reduction in scope of the 
pretreatment capability yet not complete removal of the 
capability, it is assumed that some portion of the costs for 
the Pretreatment Facility still exists. Specifically, the 



S5M for the new pipeline and 50% of the equipment and 
facility charges are assumed to remain. The total net 
capital savings that could be realized are S7.5M. 
Similarly, a net operational cost savings of 50%, or 
S500k, is assumed. 

The capital charges for the RLWTF are assumed to 
apply in 1998. Two years exist between the present 
potential funding cycle and 1998. Or, two years are 
subtracted from the useful life of any technology to 
compute the remaining life that is applied to the future 
capital savings from the RLWTF. Further, since the 
RLWTF is due to come on-line in 2001, the operational 
cost savings are reduced in value to reflect the five years of 
TA-50 operations. For a technology with a useful life of 
ten years, this reduces that value by 50%. Note again, 
that discount rate-related effects were not evaluated. 

For waste management cost calculations, costs were 
taken from a recently completed report.4 This report 
estimates the total costs at Los Alamos associated with 
the creation of a single cubic meter of waste based upon 
the present requirements and disposal). The report was 
analyzed to assess the costs not borne by the generator in 
the creation of waste materials. Table 1 lists the waste 
management costs derived from this report. 
Table 1 Waste Management Costs at LANL 

Type of Waste 
Low Level 
TRU 

S/m3 $/ 55-gallon drum 
S3575. 

S21,000. 
S715. 

S4,200. 

The format for the standard ROI basis was taken directly 
from an internal Laboratory memo.' 
specified there is: 

The ROI equation 

5" = Annual Cost Savings (Old Annual Op. Costs) 
A = New Annual Operational Costs 
C = Initial Capital Investment 
/ = Installation Costs 
L = Useful Life 

(S-A)-
ROI=-

C+I 

*100% 
(c+/) 

One can redefine these terms such that capital costs 
account for all non-recurring costs while operational costs 
account for all recurring costs. This re-write allows for 
simpler reconfiguration of the ROI equation. Particularly 
when both Operational Costs (Op) and Capital Costs 
(Cap) make use of the same sign convention. With 
Useful Life define as Life, we have 

ROI= (-Cap) *100% 

With the modifications suggested, one can include the 
capital charges associated with future activities, such as 
the RLWTF. The ROI formula then reads: 

ROI= 

FCap*RLife 
Life 

(-Cap) 
*100% 

where FCap is the future capital charges that are saved and 
RLife is the remaining useful life after the future capital 
charges are assessed. For example, if the useful life of a 
technology is ten years and deployment of that technology 
eliminates a particular capital charge two years into the 
future, me remaining life is eight years. Thus, the future 
capital charges are applied at 8/10 or 80% of their total 
value. 

IV. DESCRIPTION OF TECHNOLOGIES 

The following sub-sections provide a brief narrative 
description of the technologies evaluated in this paper. 
Detailed process flow assumptions, technology 
performance data and costing assumptions are available 
from reference 2. For a more detailed description of these 
and other waste minimization technologies, please refer to 
reference 6. 

A. Nitric Acid Recovery and Recycle 

At present the TA-55 nitric acid liquid waste stream 
is a major contributor to unacceptable acid and nitrate 
contents of effluents from TA-50. Historically, aqueous 
nitrate operations did two, single stage distillations of the 
nitric acid waste stream in the evaporators. That action 
concentrated the nitric acid to -10 molar so that it could 
be reused. The "overheads" from the evaporator were sent 
to a pretreatment facility at the liquid waste treatment 
facility, TA-50. Presently, a denitrification facility is 
required to assist the TA-50 outfall in meeting the 
requirements from the NPDES. This capability is 
estimated to costs ~S750k in capital and ~S500k in 
annual operational costs. 

This technology is a fractional distillation column for 
reconcentrating nitric acid from the evaporator overheads 
to 12-15 molar acid. This process will recover 99.9% of 
the acid and 99.6% of the actinides. The acid containing 
the actinides will be reused. The nitrate concentration in 
the effluent from this process will be below the NPDES 
permit level so that aqueous nitrate operations at TA-55 
will not be effected by this particular regulatory issue. 



Also, the actinide levels in the effluent will be low 
enough such that pretreatment of the effluents will not be 
required. 

B. Distillation and Separation of Actinides from 
Waste Salts 

Chloride-based pyrochemical processes have long 
been used for the purification and processing of plutonium 
materials. Through these operations, large quantities cf 
NaCl/KCl salts containing several percent plutonium have 
been created as residue material. At present, these 
pyrochemical salt residues are treated by dissolution and 
subsequent separation in hydrochloric acid solutions. 
These aqueous processing operations require special 
materials for corrosion control and generate relatively large 
amounts of liquid waste that are difficult to process 
effectively. 

This technology is based upon the large vapor 
pressure differences between the salt matrix material and 
actinide oxides. First, the pyrochemical salt residues, 
which contain the bulk of the actinides in chloride form, 
are treated to oxidize the actinides. With all the actinides 
in an oxide form, the material is heated in a vacuum. At 
appropriate temperatures, the sodium/potassium salts 
distill away from the actinide oxides. Because this is a 
physical separation process, essentially no primary waste 
stream in generated. Also, this process may be able to 
produce a salt matrix that is below the TRU waste 
standard (10 nCi/gr.). The principal result of this process 
is a relatively clean salt material and an actinide oxide 
that may be either packaged for long-term storage or 
processed through traditional aqueous means. ROI 
analysis for this technology has been conducted assuming 
a TRU waste stream is generated. 

C. Waste Acceptance for Nonradioactive Disposal 
(WAND) 

Presently, all room trash created within the 
plutonium facility is suspect radioactive waste. This 
waste is handled and treated as solid low level radioactive 
waste (LLW). The disposal of LLW is significantly more 
expensive that the disposal of industrial solid waste. 
Recently, however, a requirement was instituted that 
room trash boxes in the plutonium facility are to be used 
only for compactible LLW. The exclusion of the smaller 
noncompactible items mom the I'xl'x^ cardboard boxes 
has made the compactible waste amenable to a more 
rigorous radiation detection survey than was ever 
achievable before. 

To implement segregation of radioactive waste, the 
compactible room trash is further administratively 
segregated into contaminated and noncontaminated 
fractions. Using enhanced radiation measuring 
instrumentation, absence of radioactivity in the 

noncontaminated portion of the waste stream can be 
verified The WAND technology is the development of 
this advanced radiation measuring equipment coupled 
with the appropriate segregation techniques. The result 
could be a reduction of 50-90% in the volume of low-
density low-level radioactive room trash sent from the 
plutonium facility for burial at the laboratory's LLW 
disposal site. The secondary objective is to extend that 
reduction to other LLW streams at LANL and other DOE 
sites. 

D. Electrolytic Decontamination of Gloveboxes 

The Laboratory as well as other sites in the DOE 
complex have a large inventory of actinide-contaminated 
gloveboxes. These gloveboxes are typically constructed 
of stainless steel and have relatively minor surface 
contamination. However, because of their large size, they 
represent a potentially large TRU waste stream. 
Historically, gloveboxes are decontaminated by repeatedly 
scrubbing the internal surfaces with strong acids. This 
laborious process produced a large quantity of acid waste 
which must be further processed. 

This technology is an enhanced version of the 
electrolytic glovebox decontamination technology first 
developed at Hanford. Sodium nitrate solution is pumped 
into a sponge containing one electrode. The glovebox 
serves as me other electrode. A second pump brings the 
solution and the actinide product back to an electrolyte 
reservoir. The actinide precipitates and the solution is 
available for reuse. Results of hot testing suggests that 
the decontamination would meet the criteria for 
unrestricted public release of a recyclable material. It 
sharply reduces the volume of liquid and solid waste 
generated in decontamination, decontaminates in less 
time, and leads to less radiation exposure for operating 
personnel. It is equally applicable to decontamination of 
gloveboxes that will be reused so mat the reinstallation is 
much easier. 

E. Chloride Aqueous Waste Stream Polishing 

The aqueous chloride process line is used to process 
difficult-to-process materials by hydrochloric acid 
dissolution. An example is the recovery of alpha-n 
neutron sources returned by Nuclear Regulatory 
Commission (NRC) licensees and DOE users for the 
recovery of plutonium. After the recovery of plutonium. 
considerable acid remains in the waste stream. This 
waste stream also has a very high actinide content. Since 
there are no methods to handle hydrochloric acid waste 
streams at the liquid waste treatment facility, the 
hydrochloric acid waste is neutralized with alkali, filtered, 
and sent out as caustic waste to avoid corrosion of transfer 
lines from the plutonium facility to the liquid waste 
treatment facility. The filtered material, known as 



"hydroxide sludge" is stored in the vault until it can be 
processed through nitrate operations. 

This technology offers the ability to concentrate the 
actinides in a small volume of solution by using several 
commercial resin materials. Also being evaluated are new 
solvent-impregnated adsorbents for application to HCl 
waste solutions. The evaluations will include the 
materials' effectiveness in removing low levels of 
actinides from the solutions and techniques for eluting the 
actinides from the materials so that they can be reused. 
The bulk of the liquid is neutralized to reduce its 
corrosiveness and discarded to the liquid waste treatment 
facility without any further treatment 

F. High-Gradient Magnetic Separation 

High Gradient Magnetic Separation (HGMS) is an 
application of intense magnetic fields to separate solids 
from other solids, liquids, or gases. The production of 
both high magnetic fields (>4 Tesla) through 
commercially available superconducting magnets has 
made it possible to separate a previously unreachable but 
large family of paramagnetic materials including the 
actinides plutonium, U, and Am. In HGMS, a 
particulate slurry is passed through a magnetized matrix 
volume. Ferromagnetic and paramagnetic particles are 
extracted from the slurry by the matrix while the 
diamagnetic fraction passes through the magnetized 
volume. 

HGMS may be applied for several different residue 
and waste streams associated with plutonium operations. 
For the purposes of this study, HGMS was assumed to 
apply to the caustic waste stream generated from present 
aqueous chloride operations. Results from screening 
experiments on caustic liquid waste water effluent indicate 
that >99.6% extraction of plutonium activity can be 
achieved using HGMS. This represents decontamination 
levels of three orders of magnitude to about 0.2 H.Ci/1 
(4.4xI05 dpm/I) which meets the industrial waste water 
discharge criteria. 

G. Freeze-Drying Technology to Decontamination 
of Liquid Wastes 

This technology has the potential to decontaminate 
all aqueous waste streams generated by the plutonium 
facility by a factor of 10 or more. In fact, a 
decontamination factor of 6xl07 has been demonstrated on 
acidic solutions containing uranium, plutonium, iron, and 
nickel originating from nuclear power plant operations.7 

Although the development costs of this technology and 
implementation are yet uncertain, long-term benefits 
include the potential for TA-55 operations to become 
truly environmentally benign. 

In general, this technology would be either a 
supplement to the thermosyphon evaporation of waste 
nitric acid or an alternative to the latter. First it freezes 
the nitric acid solution. Then both the water and acid arc 
sublimed under vacuum from the frozen solid and refrozen 
on a remote condenser. When the condenser solid 
remelts, the resulting liquid has virtually no radioactivity. 
A similar operation can be made to occur for liquid waste 
streams from HCl operations. For this analysis, it is 
assumed that the technology is employed for both of these 
liquid waste streams and that it treats the streams to the 
industrial waste acceptance criteria. 

V. SUMMARY 

Seven technologies for managing radioactive waste 
streams were evaluated. The ROI for each of these 
technologies was calculated based upon the estimates for 
future activities at TA-55. Given the definition of ROI 
available from a potential funding agency, four of these 
technologies show a positive ROI. One of these 
technologies, Electrolytic Decontamination, showed a 
large positive ROI. 

When the potential savings available from 
minimizing the requirements for a new capital program are 
factored into the analysis, each of these technologies 
showed a significant ROI. In summary, the costs of 
building a new pretreatment facility are substantially 
larger than the cost to develop and deploy the 
technologies that make that treatment facility obsolete. A 
summary of the ROIs for these technologies is provided in 
Table 2. 
Table 2 Summary of ROI for Waste Minimization 
Technologies. 

ROI ROi 
Technology include standard 

future 
capital 
effects 

method 

Nitric Acid Recycle 128% 15% 

Distillation of Waste Salts 299% 299% 

Waste Acceptance for 71% 71% 
Nonradioactive Disposal 

Electrolytic Decontamination 455% 455% 

Chloride Aqueous Waste 205% negative 
Polishing 

High-Gradient Magnetic 1960% negative 
Separation 
Freeze-Drying Technology 166% necative 

Not only do these technologies show a large positive 
ROI from the quantitative analysis performed here, but 



they also contribute substantially to reducing the potential 
of facility shutdown from the various regulatory bodies. 
These technologies assist the Laboratory and the DOE in 
meeting waste minimization commitments and goals. In 
summary, the potential impact of future capital programs 
must be taken into account in computing the ROI for 
waste minimization technologies. 
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