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ABSTRACT 

This paper presents general conclusions from application of a system cost analysis 
method developed by the United States Department of Energy (DOE), Waste Management 
Division 0, Waste Management Facilities Costs Information (WMFCI) program. The 
WMFCI method has been used to assess the DOE complex-wide management of radioactive, 
hazardous, and mixed wastes. The Idaho Engineering Laboratory, along with its subcontractor 
Morrison Knudsen Corporation, has been responsible for developing and applying the WMFCI 
cost analysis method. 

The cost analyses are based on system planning level life-cycle costs. The costs for 
life-cycle waste management activities estimated by W C I  range from bench-scale testing 
and developmental work needed to design and construct a facility, facility permitting and 
startup, operation and maintenance, to the final decontamination, decommissioning, and 
closure of the facility. For DOE complex-wide assessments, cost estimates have been 
developed at the treatment, storage, and disposal module level and rolled up for each DOE 
installation. 

Discussions include conclusions reached by studies covering complex-wide 
consolidation of treatment, storage, and disposal facilities, system cost modeling, system costs 
sensitivity, system cost optimization, and the integration of WM waste with the environmental 
restoration and decontamination and decommissioning secondary wastes. 

V o r k  supported by the U.S. Department of Energy, Assistant Secretary 
for Environmental Management under DOE Idaho Operations Office, Contract No. DE-AC07- 
941D 13223. 
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BACKGROUND 

To provide a cost basis for evaluating Environmental Management options, the United 
States Department of Energy (DOE), Office of Program Integration (EiM-33), has sponsored 
the Waste Management Facilities Cost Information (WMFCI) program, which is supported by 
the Idaho National Engineering Laboratory (INEL) and Morrison Knudsen Corporation (MK). 

The WMFCI program has developed a method that is being used to estimate the 
planning level life-cycle cost (PLCC) of facilities needed for treatment, storage, and disposal 
(TSD) of radioactive, hazardous, and mixed wastes. The method is based on dissecting the 
overall TSD facilities into several smaller functions, called cost modules, and developing a 
cost versus capacity relationship for the various cost elements of the modules. Using this 
approach, the type and input capacity of the TSD modules needed for handling a given input 
waste must be defmed. Then, a PLCC estimate is developed by referring to a set of regression 
curves that contain the cost versus capacity relationship. 

The WMFCI data base includes PLCC estimates for over 200 modules that cover six 
waste types: low-level waste (LLW), mixed low-level waste (MLLW), transuranic waste 
(TRUW), greater-than-Class C (GTCC) and DOE equivalent special case waste, hazardous 
waste 0, and spent nuclear fuel (SNF). For each module, cost versus capacity 
relationships are provided for four different work breakdown structure (Wl3S) elements. The 
WBS elements are: preoperation, facility construction, operation and maintenance (O&M), 
and decontamination and decommissioning. 

The W C I  cost method provides a documented and flexible modular cost basis that 
DOE and its contractors can use to analyze what-if questions concerning alternative waste 
management strategies. This powerfizl method has been broadly used for assessing life-cycle 
costs associated with several waste management option evaluation tasks. Applications have 
included the analysis of DOE complex-wide consolidation of TSD facilities and studies 
covering system cost sensitivities, cost modeling, cost optimization, and integration of FVM 
waste with the secondary waste from environmental restoration (ER), and decontamination and 
decommissioning. 

The WMFCI cost method has supported DOE strategic planning, environmental 
compliance, and budget planning. Specific applications have included development of life- 
cycle cost estimates, staffing estimates for risk assessment, and facility design inputs for the 
socioeconomic analysis of the Environmental Management Programmatic Environmental 
Impact Statement; cost guidance documentation for preparation of the Site Treatment Plans 
required under the Federal Facility Compliance Act; and development and application of the 
System Cost Model for the Waste Management Baseline Environmental Management Report 
(BEMR) submittal to the U.S. Congress. 
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System Consolidation 

The WMFCI method was applied during the economic studies of DOE facility 
consolidation options. This analysis included several alternative scenarios involving a different 
number and location of TSD facilities in the DOE complex. Options studied were grouped as 
decentralized, regionalized, and centralized configurations. The decentralized option proposed 
a dedicated TSD facility for most of the DOE installation. The regionalized option proposed a 
TSD facility at each major installation, The centralized option proposed one or two TSD 
facilities serving the entire complex. Some conclusions reached from the system consolidation 
studies are presented below. 

9 of s c a k  

The economy of scale from a decentralized configuration to a regionalized or 
centralized configuration is in the range of -5 % to -30 % savings for regionalized and 
-25 % to -60% savings for centralized. The greatest economies are seen for MLLW and 
ER-LLW. (See Figure 1 .) 

(Place Fig. 1 here) 

The greatest economies are based on configurations that regionalize at existing disposal 
sites (e.g. , Hanford) and maximize the use of existing facilities. 

Existing WM facilities, particularly under regionalized alternatives, provide significant 
MLLW treatment and LLW disposal capacity. Because of these existing facilities, 
fewer new facilities are constructed. 

Disposal facilities have greater economies of scale than do treatment facilities because 
of 

lower fixed administrative costs 

a higher ratio of capital to operating costs (Le., relatively less O&M). 

b Transportation costs will offset some benefits of regionalization and centralization, 
although costs have been relatively small (0.3 % decentralized, 1 % average, and 5 % 
one-site case) compared with the total life cycle costs. (See Figure 2.) 

(Place Fig. 2 here) 

Rail transportation costs are 1.5-3.5 times the costs for road transport for TRUW. 
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Total mileage differences on MLLW (implied transportation risk indicators) between 
decentralized and regionalized cases (factor of ll), and from regionalized to centralized 
cases (factor of 7). TRUW total miles are similar for all cases (all ship to the Waste 
Isolation Pilot Plant). 

Rail transportation may be more suitable for ER wastes because of larger loads (better 
rates). 

Because of relatively low transportation costs, it makes more sense to ship some 
(special) wastes to more centralized sites. 

of FIR Resldual W a s t d h n g  to WM 

e ER-LLW disposal costs were 91-97% of the total life cycle cost, indicating that only 
minor treatment would be required and most wastes would go directly to disposal. 
ER-MLLW disposal costs range from 65-75% of total life cycle cost. (See Figure 3.) 

(Place Fig. 3 here) 

e Comparatively, the disposal costs for WM legacy and newly generated wastes have 
been approximately 25-40% of the total life-cycle cost. 

The W C I  method was used to conduct sepsitivity analysis of system costs versus the 
waste management elements. Conclusions of the sensitivity analysis are as follows. 

Privatization of treatment facilities could result in a significant cost savings. For a 
scenario in which a private sector provides a grass roots treatment facility dedicated to 
DOE waste, the cost savings could be as high as 3040%. The savings could be even 
higher if existing commercial treatment facilities were employed. 

A computerized tool, the System Cost Model (SCM), has been developed to apply the 
WMFCI cost estimation method for system modeling studies. After development was 
completed, the SCM was calibrated to model planning level life-cycle cost estimates at six 
major DOE installations: Hanford Site, INEL, Los Alamos National Laboratory, Oak Ridge 
Reservation, Rocky Flats Environmental Technology Site, and Savannah River Site. System 
cost modeling conclusions are as follows: 
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0 To model system costs adequately, the fixed and variable costs must be clearly 
understood and delineated. Variable costs are a function of the waste feed rates. Fixed 
costs are those expenditures incurred even if waste is not treated or disposed of. Figure 
4 shows the relationship between fixed costs and variable costs. 

(Place Fig. 4 here) 

0 Existing aqueous waste treatment facilities may not support future treatment needs of 
sites. Aqueous waste treatment is generally dedicated to specific waste streams that 
may be different to support processing future waste streams. 

0 

The extent that some high cost WMFCI modules are used may impact cost estimates. 
The open, dump, and sort; characterization; and receiving modules carry high costs. 
Waste should be minimized to these operations to reduce costs. 

Storage of legacy LLW, MLLW, and TRUW account for a significant portion of the 
system TSD costs. For the six major installations, the total storage costs are 10-25% 
of the total TSD costs. 

Review of System Cost Optimization Opportunities 

Through the WMFCI method and system modeling tool, not only can life-cycle, costs 
be estimated but alsa opportunities for costs optimization can also be evaluated. Currently, 
several waste management operations are being reviewed to identify cost reduction potentials 
and areas that could be studied in the future. The following are some ideas proposed for such 
studies : 

0 Maximize the use of existing TSD facilities. Using the WMFCI method, life-cycle cost 
estimates can be developed for scenarios that make maximum use of existing facilities. 
This scenario involves analyzing excess capacity and configuring the waste shipments 
for regional TSD accordingly. Whereas current waste management strategies designate 
regional treatment sites for all waste streams within a particular waste type category, 
this modified scenario will consider sending different waste streams to various sites, 
depending on existing facility capacities. Costs for these modified scenarios can then 
be compared with the costs previously developed for DOE strategic planning to 
demonstrate the order-of-magnitude potential for cost savings. 

0 Optimize facility operating periods. The DSTP's reflect a wide range of facility 
operation assumptions (hours of facility operation per year and the number of shifts). 
The differences in operating hours will influence the sizing of the facility, and the 
number of shifts will impact the total work force that must be paid. 
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b Site regionalized and centralized facilities where capabilities exist (e.g., compactable or 
incinerable materials). 

Build disposal facilities as needed versus overbuilding capacity up front. 

Use commercial facilities. Many sites are currently evaluating options for commercial 
treatment versus on-site DOE treatment and disposal. 

Build facilities with larger throughput so that the backlog waste can be treated in a 
shorter time. Savings that result from eliminating backlog waste and shifting those 
dollars to reduce operations and maintenance cost could prove that this approach is 
more cost effective than sizing the facilities and processing backlog waste over a 10 20 
year operating period. 

Combine different waste types to use common TSD facilities and reduce the need for 
, construction and operation of additional waste management facilities. Some waste 

management strategies under consideration specify separate TSD facilities for each of 
the major waste type categories (LLW, MLLW, TRUW, etc.). This study will 
combine waste types, where technically feasible, for treatment, storage, and disposal, 
and provide cost estimates for these optimized scenarios. Again, the optimized costs 
will be compared with previously developed cost estimates to demonstrate the potential 
for cost savings. 

0 Consolidate special waste streams for processing. Small quantities of wastes (e.g., 
remote handled) at more than one site may be handled best in a centralized location, 
rather than regional alternatives. 

b Use treatment technologies that reduce pretreatment sorting and characterization. 

0 Substitute vitrified waste forms (e.g., iron enriched basalt) with shallow land disposal 
rather than building expensive engineered disposal. 

Life cycle activities and waste loads relative to the ER and D&D programs are being 
defined for inclusion in the Baseline Environmental Management Report. This report will be 
submitted to the US.  Congress by DOE in March of 1995. The WMFCI method and system 
modeling tool are being employed to integrate ER and D&D waste with the WM waste, which 
is the waste generated during the normal operation of the DOE production facilities. Several 
options for cost-effective integration of WM, ER, and D&D waste are being considered. 
Some of these options are discussed below. 

Use existing and new WM facilities for processing ER wastes 
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Use lag storage to allow combined WM and ER waste processing. 

Reduce ER (LLW and MLLW) residual waste loads to WM by volume reduction 
technologies. 

Use new ER technologies (e.g., in situ vitrification) that produce less residue for WM 
to process or dispose. 

SUMMARY 

The INEL and MK have developed and applied a systems cost estimating approach that 
has yielded several key waste management cost conclusions. These conclusions have helped to 
identify the areas of high cost sensitivity that require further evaluation by the DOE to develop 
effective management policies. The most viable options should also consider risk, 
socioeconomic, regulatory, and other concerns before adoption. 
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Figure Titles: 

Figure 1, WM configuration economy of scale (% of cost reduction range). 

Figure 2. WM transportation cost impacts (% of total $). 

Figure 3. ER disposal costs (% of total $). 

Figure 4. Typical DOE facility fixed and variable costs related to system throughput. 
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Figure 1. WM configuration economy of scale (% of cost reduction range). 



WM Transportation 
Cost Impacts 

6.0, ,  o of tot^$) , , 
A95 0037 

Figure 2. WM transportation cost impacts (% of total $). 
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Figure 3. ER disposal costs (% of total $). 
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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process. or service by trade name. trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 

Figure 4. Typical DOE facility futed and variable costs related to system throughput. 


