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COST UNCERTAINTY FOR DIFFERENT LEVELS OF TECHNOLOGY 
MATURITY 

TOPIC 

It is difficult at best to apply a single methodology for estimating cost uncertainties 
related to technologies of differing maturity. While highly mature technologies may have 
significant performance and manufacturing cost data available, less well developed 
technologies may be defined in only conceptual terms. Regardless of the degree of 
technical maturity, often a cost estimate relating to application of the technology may be 
required to justify continued funding for development. Yet, a cost estimate without it's 
associated uncertainty lacks the information required to assess the economic risk. For 
this reason, it is important for the developer to provide some type of uncertainty along 
with a cost estimate. This study demonstrates how different methodologies for estimating 
uncertainties can be applied to cost estimates for technologies of different maturities. 

For a less well developed technology an uncertainty analysis of the cost estimate can be 
based on a sensitivity analysis; whereas, an uncertainty analysis of the cost estimate for a 
well developed technology can be based on an error propagation technique from classical 
statistics. It was decided to demonstrate these uncertainty estimation techniques with (1) 
an investigation of the additional cost of remediation due to beyond baseline, nearly 
complete, waste heel retrieval from underground storage tanks (USTs) at Hanford; and 
(2) the cost related to the use of crystalline silico-titanate (CST) rather than the baseline 
CS100 ion exchange resin for cesium separation from UST waste at Hanford. 

ORIGINALITY/AUDIENCE INTEREST 

The issue of demonstrating cost savings for technology development has been raised to a 
greater level of significance with the increased Congressional focus on balancing the 
budget. However, determining a cost estimate without it's associated reliability provides 
the decision maker no information regarding the economic risk. As demonstrated by this 
study, there is no single all inclusive methodology for determining cost estimate 
uncertainties. The suite of methodologies available are limited only by the creativeness 
of the analyst, and their ability to communicate the results in a useful fashion. 

In conducting this study it was necessary to make numerous simplifications in the process 
model in order to make the analysis manageable. Complex waste remediation system 
process models have existed for some time but have a tendency to remove the analyst 
from the cost issues. Furthermore, such complex models are poorly suited to the less well 
defined performance parameters of advanced technologies. Consequently, a significant 
effort for this study was the development of a simple generic process/cost model which 
represented UST waste remediation across the Department of Energy complex. 



CONCLUSIONS 

A sensitivity study was used to determine the cost of heel retrieval at Hanford. The 
additional cost of achieving 99% waste retrieval from USTs at the Hanford Site, versus 
the cost of retrieval with only the existing baseline technologies of pastpractice sluicing 
(PPS) for singleshell tanks (SSTs) and mixer pumps (MPs) for doubleshell tanks 
(DSTs), has been estimated by this study to range from $3 to $4.5billion. This estimate 
is not based on specific technologies for retrieval of the heel, but rather the heel retrieval 
rate and a generic capital cost for the additional equipment. Since this approach did not 
consider specific technologies, a range of performance and capital costs were used which 
produced the sensitivity analysis results of Figure 1. 
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Figure 1. Beyond baseline costs for Hanford tank closure at 99% retrieval 

The cost range for retrieving 99% of the tank waste at Hanford, versus the baseline 
retrieval of 85% of the tank contents for SSTs and 90% of the tank contents for DSTs, 
can be summarized as follows. Assuming the heel retrieval rate for DSTs ranges from 
1/2 to onetimes the baseline PPS rate, and for SSTs ranges from 1/4 to 1/2times the 
baseline PPS; and assuming that the additional capital cost for heel retrieval depends only 
on the pumping system and not the existing waste transfer system, and ranges from one
times to tentimes the baseline PPS pumping system; then the additional cost for retrieval 
of 99% of the tank waste ranges from $3 to $4.5billion. 



An error propagation analysis was used to determine uncertainty associated with the 
estimate of the cost difference between the use of CS100 and CST ion exchange resins 
for cesium separation of UST waste at Hanford. A simplified process/cost model 
developed for this study was coupled with statistical analyses to determine the 
uncertainty associated with the cost difference estimate. The overall cost difference and 
it's associated uncertainty are shown in Figure 2. 
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Figure 2. Cost savings uncertainties associated with the use of CST rather than CS100 
ion exchange resin at Hanford. 

The costs difference and it's associated uncertainty for the use of CST rather than the 
baseline CS100 ion exchange resin for cesium separation at Hanford can be summarized 
as follows. It can be stated with 95% confidence that the cost for remediation of UST 
waste at Hanford will be at least $256-million less, and not more than $346-million less, 
if CST resin is used rather than CS100. This is within the context of the resin 
performance and cost data uncertainties used as the basis for the final calculations. 
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"HLW, LLW, Mixed Wastes and 
Environmental Restoration-Working 
Towards a Cleaner Environment" 

WM'97 
March 2-7,1997 

WM'97 will be held March 2-7. 1997 at the Tucson Convention Center. Tucson. Arizona Organized by WM Symposu. Inc.. an Arizona non-profit 
corporation, the conference is hosted b\ the University ot Arizona Sponsoring organizations include the Universitv ot Arizona, the American Nuclear 
Societv. the U S Department of Energv. New Mexico State Universitv with the Waste-management Education and Research Consortium (WERC). and 
the American Society of Mechanical Engineers The conterence is organized in cooperation with the International Atomic Energy Agenc\ 

To assist international participation we have added the names ot contact people outside the US for as many topics as possible The topics selected for 
WM'97 will have invited and contributed papers involving research, development and operational experience in nuclear waste, mixed waste, mill tail
ings. environmental restoration waste management, and decommissioning Papers concerning national and international agreements and regulations gov
erning these topics as well as the impact of these activities on the environment are also solicited Interested contributors to the meeting are invited to 
submit extended summaries on a VI " diskette and 3 hard copies A single copy by fax will be accepted but the 37 ' diskette and 3 hardcopies must fol
low by overnight mail The disk is necessary for publishing to the World Wide Web (WWW), which we are considering in order to make the abstracts 
available to the Program Advisorv Committee before the Paper Review The Program Advisory Committee will be provided with an access code so that 
onh they will be able to access this information two weeks prior to the Paper Review The authors will be required to approve placing their summan 
on the WWW Such approval has no influence on acceptance of the summan 

The summaries must show clearlv 1) Topic (what paper is about). 2) Basis for originality. 3) or audience interest. 4) Conclusions Summaries not 
meeting the above criteria will not be considered by the Program Advison Committee CPAC) The fully completed attached form must accompany the 
extended summary for it to be considered If vou do not receive an acknowledgment within 10 days of your mailing call (520) 624-8573 The approved 
papers will be assigned to either oral poster or workshop sessions bv the Technical Program Chairman with the advice of the PAC The criteria for assign
ment is to assure that each paper is presented in the method ot presentation best suited tor its content, format and anticipated interaction with its audi
ence The publication of both the poster and oral papers will be identical 

The summaries will undergo critical technical review bv the PAC to determine if thev meet the criteria ot technical content significance and subject 
The summan should be long enough to conve\ to the committee the substance of vour proposed paper and us meeting ot the stated criteria Summaries 
submitted after due date ma\ not be considered Concerns about the qualitv of some papers which could be attnbuted to inadequate preparation led to 
our new nolu \ of rpnmnnc th-u tnll mrvpn. he written and reviewer! before the nresentaiinn This nrocess will ,tkn nermit much earlier nublication 
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